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5.   INTRODUCTION: 

The goal   of   this   research    is   to   address   the   role   of 
variant/abnormal    estrogen    receptor    (ER)    expression    in    the 

progression of human breast cancers from hormone dependence to 

independence. The progression of breast cancer from hormone dependence 

to  independence  is  a clinically significant  problem  since  it  limits the 

effectiveness  of  the   relatively  non-toxic  hormonal  therapies  such  as 

antiestrogens and progestins (1). The hormone-dependent phenotype is 

characterized by the presence of ER in the breast tumor, but only 50% of 

receptor positive breast tumors respond to endocrine therapies and of those 

which  initially  respond  a significant proportion  will  eventually  develop 

resistance to these therapies. Furthermore, the development of resistance to 

endocrine therapy occurs despite the continued expression of ER in the tumor, 

in at least 50% of cases. It is the molecular mechanisms of this form of 

resistance i.e. the steroid receptor positive/hormone resistant human breast 

tumors, that this research proposal addresses. Elucidation of these mechanisms 

will provide information necessary either to prevent the occurrence of hormone 

resistance, reverse it or develop new treatments for the resistant tumors. As 

well, novel treatment response markers in human breast tumors are likely to be 

identified.  Although multiple mechanisms are likely to be involved in hormone 

resistance and progression to hormone independence (1) in human breast 

cancer,  this  grant proposal focuses  on  one possible  mechanism:  the 
involvement of variant and/or abnormal forms of ER. 

The hypothesis to be tested is that the expression and/or altered 

expression of variant/abnormal ER in human breast cancer is one mechanism 

associated with the development of endocrine resistance and the progression 

from hormone dependence to independence. 

The specific aims to address this hypothesis are: 

1. To systematically investigate alterations that occur in the ER mRNA in human 
breast cancers. 

2. To characterize structurally and functionally those abnormal ER mRNAs 

occurring most frequently and determine their involvement in the development 

of hormone independence and progression in HBC. 

3. To develop specific tools to investigate the expression of the corresponding 

proteins that may be translated from altered or variant ER mRNAs. 
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4. To assess the biological significance of ER variants in human breast cancer 

by determining the relationship between the level of expression of ER variants 

in human breast cancer biopsies and the expression of the normal ER, known 

estrogen responsive genes, histopathological parameters and other known 
prognostic factors . 

6.  BODY: 

Task 1. To systematically investigate alterations that occur in the ER mRNA in 

human breast cancers. We have systematically investigated alterations that 

occur in the estrogen receptor (ER) mRNA in human breast tumors. Several 

manuscripts and abstracts reporting these studies have been published (see 

references 2-5). During the past year of this grant the identification of another 

estrogen receptor gene, estrogen receptor-ß was reported (6). The ER-ß protein 

has similarities to the classical ER referred to as ER-a, in terms of structure and 

function. Both these proteins have a high degree of conservation of the DNA 

and ligand binding domains, while the A/B, hinge and F domains are not 

conserved.   The tissue specific expression of   ER-a and ER-ß although not 

identical appears to overlap in some cases (6). The expression of ER-ß in 

normal or neoplastic mammary tissue was not reported, and it became 

extremely important to determine if ER-ß (another possible ER isoform/variant) is 

expressed in breast cancers and could therefore potentially contribute to 

estrogen signal transduction in this tissue. We investigated this possibility and 

were the first to publish the detection of ER-ß mRNA in several human breast 

tumor biospy samples and several human breast epithelial cell lines using RT- 

PCR analysis (7). The expression of ER-ß was not correlated with that of ER-a 

and both ER positive and negative cell lines as determined by ligand binding 

assay, expressed ER-ß mRNA. However, some breast tumors and some cell 

lines coexpress ER-ß and ER-a mRNA. Our data support a role for ER-ß in human 

breast cancer. Further, our preliminary data show the presence of ER-ß mRNA 

in normal human breast tissue (8), and suggest that the level of this gene is 

differentially expressed between normal breast tissue and human breast tumors 

(Fig 1, appendix 5). Indeed there is a possibility that the ER-ß is inversely 

regulated compared to ER-a (Fig. 1, appendix 5) in these two tissues. We have 

also demonstrated the presence of variant forms of ER-ß mRNA in several 

human and mouse tissues (8), although species specific differences were found 
to occur. 
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Task 2. To develop quantitative RT-PCR assays for measuring selected ER 

mRNA variants in RNA isolated from microdissected regions of human breast 

tumors. Several different assays were developed, each with different 

advantages and limitations. These results have been previously published (4, 

9-13). The type of assay used, was dictated by the the question asked and 

practical issues. These assays are being used to assess the biological 

significance of ER-a variants in human breast cancer under Task 5. However, in 

order to compare some of our current data with that obtained previously (14), it 

was necessary to validate the comparsion of our RT-PCR based assays with 

RNase protection assays. The results of this validation are presented in the 

accompanying manuscript (15) which will be submitted for publication shortly. 

Due to our demonstration of the expression of ER-p mRNA in human breast 

tumors and the possible differential regulation of ER-ß and ER-a we have also 

developed a multiplex assay to determine the relative expression of these two 

ER genes in human breast tissues (Fig 1C, appendix 5). 

Task 3. To characterize structurally and functionally those variant ER mRNAs 

occurring most frequently in human breast cancer. Eukaryotic expression 

vectors for several of the variant and mutant ER-a mRNAs have been 

constructed and used to determine the ability to bind ligand, transcriptional 

activity alone or alter transcriptional activity of the wild type ER-a (5). Previously 

we had developed a model of estrogen independence in human breast cancer 

cells (16). We have now identified a marked upregulation of the relative 

expression of an exon 3+4 deleted ER-a variant mRNA in the estrogen 

independent cells (T5-PRF) compared to the T5, estrogen responsive parent 

cells (17). Furthermore, the estrogen independent phenotype of the T5-PRF 

cells was associated with a significant increase in the basal, estrogen 

independent activity of the wild type ER-a, as determined by transient 

transfection of an ERE-tk-CAT reporter gene (Fig 2, appendix 5), and the 

measurement of endogenous PR expression (Fig 3, appendix 5). The exon 3+4 

deleted ER-a mRNA is inframe and predicted to encode a 49 kDa protein 

missing the second zinc finger of the DNA binding domain, the nuclear 

localization domain and part of the hormone binding and E domain. An 

expression vector containing the exon 3+4 deleted ER-a cDNA was constructed. 

The in vitro transcribed/translated protein does not bind estradiol and does not 

interact with an ERE by gel shift assay. But, when the expression vector was 

transfected into the estrogen responsive parent T5 cells, a dose-dependent 
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increase in basal, ligand independent activity of the endogenous wild type ER-a 

occurred (Fig 4, appendix 5). Our preliminary data suggest that when 

transfected alone into MDAMB231 (ER-a negative human breast cancer) and 

MCF10A1 (ER-a negative nontumorigenic, immortalized human breast 

epithelial) cells with an ERE-tk-CAT reporter the exon 3+4 deleted ER-a has no 

detectable transcriptional activity. But when reconstituted with wild type ER-a 

using a constant amount of HEGO (wild type ER-a expression vector) and 

increasing exon 3+4 deletion ER-a plasmid, increased ligand independent 

(control) ERE-tk-CAT activity is seen in both MCF10A1 and MDAMB231 cells 

(Fig 5, appendix 5). As well an enhancement of estradiol induced ERE-tk-CAT 

activity is observed when both wild type ER-a and exon 3+4 deletion ER-a are 

expressed together. 

We are also constructing eukaryotic expression vectors for both human 

and mouse ER-ß and their frequently expressed variants. 

Task 4. To develop specific tools (antibodies) to investigate the expression of 

the corresponding proteins that mav be translated from variant ER-a mRNAs. 

A synthetic peptide containing the novel 6 amino acids present in the predicted 

clone 4 ER-a protein was conjugated to KLH (Chiron Inc) and this antigen was 

used to raise antibodies to the clone 4 ER-a variant protein in rabbits (National 

Biological Labs). The antisera have been prescreened against the synthetic 

peptide, and the most promising antisera were used to screen Cos-1 and MCF- 

7 cells stably transfected with the clone 4 variant ER-a transgene. Our 

preliminary data show that the antiserum (Clone 4 Ab) can detect a 24 kDa 

protein present in transgene transfected Cos-1 and MCF 7 (Fig 6, appendix 5) 

but not in vector alone transfected cells. Further, a similar sized protein is also 

detected with H226 antibodies (1D5, which detects an N-terminal epitope of the 

wild type ER-a which is predicted to be present in the clone 4 variant ER-a 

protein). These data are encouraging and consisent with the antiserum 

containing specific antibodies to the clone 4 ER-a protein. At 1/100 dilution the 

antiserum appears to detect other larger proteins on Western blots. Serum 

dilutions and excess peptide immunoneutralization assays are being 

undertaken to further characterize the antiserum. Immunoglobulin isolation and 

affinity purification will also be undertaken. The ability of the antibodies to 

immunoprecipitate clone 4 ER-a protein will also be determined. Following the 

satisfactory completion of this characterization we will be able to begin the 
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analysis of human breast tumor samples to determine the presence of clone 4 

ER-a-like epitopes and proteins in vivo. 

Previously,  we  had  analyzed  a  group  of  human  breast tumors 

immunohistochemically for expression of ER-a using antibodies that recognize 

either an N-terminally localized epitope in the wild-type ER-a protein (expected 

to be present in many ER-a variants), or a C-terminally localized epitope in the 

wild type ER-a protein (not expected to be present in many ER-a variants). In 

many tumors the immunohistochemical results using each antibody showed 

good concordance, in some tumors the results were discordant, with the signal 

tending to be higher more often with the N-terminal antibody (18). Since many 

of the proteins predicted from variant ER-a mRNAs would be truncated at the C- 

terminus and not contain the epitope recognized by the C-terminal antibody, 

one interpretation of these data was that truncated variant ER-a proteins are 

more highly expressed in the discordant group of tumors. This hypothesis was 

tested by investigating the pattern and relative expression of variant ER-a 

mRNAs in the discordant and concordant groups of breast tumor (19) . We used 

our previously developed assays (4,11) to determine the relative pattern of 

expression  of exon  deleted  ER-a mRNAs and to measure the relative 

expression of the clone 4 truncated ER-a mRNA in these two groups of breast 

tumors. Several ER-a variant mRNAs which encode putative truncated ERs 

recognized only by an N-terminal targeted antibody were preferentially and 

relatively more highly expressed in the discordant group of tumors. These ER-a 

variants were: the clone 4 truncated ER-a mRNA, an exon 2, 3 plus 7 deleted 

ER-a mRNA, an exon 2, 3 and 4 deleted ER-a mRNA and a variant deleted from 

within exon 3 to within exon 7. The data suggest that the ER-a variant mRNAs 

encoding truncated ER proteins may contribute to discrepancies in ER-a 

measured by immunodetection methodologies. Further, the data are consistent 

with the ability of some ER variant mRNAs to be stably translated in vivo. 

Task 5. To assess the biological significance of ER variants in human breast 

cancer. Available studies provide evidence for an extensive and complex 

pattern of alternative splicing associated with the ER-a gene, which seems to be 

altered during breast tumorigenesis (4, 9,11, 20).   It has been suggested that 

the complex pattern of exon deleted ER-a variant mRNA expression is specific 

for the ER-a, since similar variants for the glucocorticoid receptor and the 

retinoic acid receptors-a and yhave not been found in breast tumor tissues. We 

also investigated the pattern of exon deleted variant mRNA expression in breast 
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tumors using a long range RT-PCR approach (4) for progesterone receptor 

(PR), the glucocorticoid receptor (GR) and the vitamin D3 receptor (VR). Our 

data (21) demonstrate that little, if any, deleted mRNAs for GR and VR were 

detected in the breast tumors examined. However, in these same breast tumors, 

several exon deleted variant mRNA species for both ER-a and PR were 

abundantly expressed (21). These data suggest that the mechanisms 

generating alternatively spliced forms of both ER-a and PR are unlikely to be 

due to a generalized deregulation and/or alteration of splicing processes within 

breast tumors. They also suggest that the mechanism(s) is specific for the sex 

steroid hormone receptor genes and the alterations seen in breast tumors may 

have a role in altered actions of estrogens and progestins in human breast 
tumorigenesis. 

We have previously shown that alteration of expression of some variant 

ER-a mRNAs was found to occur during both breast tumorigenesis (9,11) and 

breast cancer progression (4, 14). With regard to the latter, we showed that the 

expression of the truncated, clone 4 variant ER-a mRNA (14) relative to wild type 

ER-a mRNA was significantly increased in a group of primary breast tumors with 

poor prognostic features compared to a group of primary breast tumors with 

good prognostic features (14). "Poor" prognostic features included the presence 

of lymph node metastases at the time of surgery, large tumor size, lack of PR 

expression and high proliferative index, while "good" prognostic features were 

lack of nodal involvement, small tumor size, PR positivity and low proliferative 

index. This suggested that altered ER-a variant expression may be a marker of 

a more aggressive phenotype. We have investigated this possibility further by 

comparing the over-all pattern of deleted ER-a variant expression between 

matched primary tumors and their concurrent lymph node metastases, as well 

we have compared the relative level of expression of several individual ER-a 

variant mRNAs in these matched tumor samples. Our data (15) suggest that 

both the pattern of ER-a variant expression and the relative level of expression 

of three individual ER-a variants are conserved in primary breast tumors and 

their matched, concurrent lymph node metastases. These findings are not 

inconsistent with our previously published data in which the relative expression 

of at least one ER-a variant was significiantly increased in primary tumors with 

poor prognostic characteristics, which included having concurrent lymph node 

metastases, as compared to primary tumors without concurrent lymph node 

metastases (14). The primary tumors in our current study by definition fall into 
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the previously described poor prognostic group since they are all primary breast 

tumors with concurrent lymph node metastases. 

7. CONCLUSIONS. 

Our results suggest that estrogen receptor mediated signal transduction 

may be quite complex in human breast cancer. We have identified the frequent 

expression of several alternatively spliced variants of the classical ER-a as well 

as a second novel ER gene (ER-ß), at least, at the mRNA level, in both normal 

and neoplastic human breast tissues. Further we have both published and 

preliminary data showing alterations in the relative expression of several of 

these ER-like molecules during human breast tumorigenesis and breast cancer 

progression. Our data suggest a possible role(s) of these ER-like molecules in 

altered ER signal transduction during breast tumorigenesis and progression. 
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Summary 

A „™,i PR like mRNA containing a 69 nucleotide insertion precisely between exon 5 and 6 sequences was 
A novel E^™^A ^„^ cancer bl0psy samples. Data are presented which suggest that the 69 
nuerot£ sequ"n"iS^ent in intronVof Jhuman estrogen receptor gene. The reg.on corre- 

Tt 1 ™nd™K this 69 nucleotide sequence was cloned and the nucleotide sequence deter- 
SP

°"HCine and^equencLg of he corresponding region in genomic DNA isolated from a breast tumor 

expressing ine m nu mutation resulted in the generation of a consensus splice donor site. A 
69 -^^rq^J?te^™tt2^l7p^ent mmediately 5' to the 69 nucleotide sequence. 

^ and^suiting in processing of a mature ER mRNA containing the 69 nucleotide insert. 

[6]. It was difficult, however, to suggest an alterna- 
tive splicing mechanism for either the exon dupli- 
cated transcripts or the 69 nucleotide inserted tran- 
script. More likely these transcripts were generated 
from a mutated ER allele present in some human 
breast tumors. In this study we present evidence 
which supports the presence of a mutated ER allele 
in a breast tumor from which a 69 nucleotide insert- 
ed ER-like mRNA was identified and cloned. 

Introduction 

We have previously identified in approximately 9% 
of human breast tumors estrogen receptor (ER)- 
like mRNAs which contain inserted sequences [1]. 
Two types of inserted sequences were identified: 
one in which complete duplications of normal ER 
exons were found and one in which 69 novel nucleo- 
tides had been inserted between the exons 5 and 6 
sequences of the normal ER mRNA. Other altered 
ER-like mRNAs have also been found in human 
breast tumors [2]. However, these were mostly 
truncated ER-like mRNAs [3], or exon deleted ER- 
like mRNA [4. 5], both of which were most likely 
generated by some alternative splicing mechanism 

Mdressfor off^nts and correspondence: L.C. Murpn, UnivenLy of Maniu*, Depart, of Blechern**. R3E OW, Winnipe, 

Manitoba. Canada. Fax: 2047030864 

Materials and methods 

RNA isolation: Total RNA was isolated from hu- 
man breast cancer biopsy samples as previously de- 
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scribed [7. 8|. The integrity of the RNA was con- 
firmed by denaturing gel electrophoresis [8J. 

DNA isolation and Southern blot analysis: Southern 
blot analysis and isolation of genomic DNA from 
human tumors was as previously described [7]. 
DNA from bacteriophage clones containing ge- 
nomic fragments of the human estrogen receptor 
gene (GHER: gift from Dr P. Chambon) [9] was iso- 
lated using a plate lysis method [10]. Southern blot- 
ting of bacteriophage plaque lifts was carried out 
according to standard methods [11]. 

PCR: The thermal profile used was 30 cycles of 1 
min at 94 °C, 1 min at 60 °C, and 1 min at 72 °C. The 
reaction volume was 50 ul containing 0.01 M Tris- 
HC1 (pH 8.3). 0.05 M KC1, 2.5 mM MgCl,, 0.2 tag/ 
ml gelatin. 0.2 mM dNTPs, 1 ul of each primer 
(200 ng/ul), and 1 unit of Taq DNA Polymerase 
(Gibco/BRL). 20 ul of the PCR reactions were elec- 
trophoresed in agarose gels (1-2% depending on 
expected sizes of products) and visualized by ethidi- 
um bromide staining. The primer sequences used 
are as follows: 
Set A: 
Upper (sense) 5'-TTT GCT CCT AAC TTG CTC 
TTG - 3' (priming site in exon 5). 
Lower (antisense) 5' - CGT AAC TGG AGG 
AAG TGG - 3' (priming site in novel 69 nucleo- 
tides). 
Set B: 
Upper (sense) 5' - TGC CAG TAG CAA CCT 
CCA CTT - 3' (priming site in novel 69 nucleo- 
tides). 
Lower (antisense) 5' - CGG AAC CG A GAT GAT 
GTA GCC - 3' (priming site in exon 6). 
SetC: 
Upper (sense) 5' - TGC CAG TAG CAA CCT 
CCA CTT - 3' (priming site in novel 69 nucleo- 
tides). 
Lower (antisense) 5' - CGT AAC TGG AGG 
AAG TGG - 3' (priming site in novel 69 nucieo- 
tides). 
SetD: 
Upper (sense) 5' - CCC AGT CTC AGG TAG 
GTCTTT-3' (primingsite in intron 5,5' to novel 69 
nucleotides). 

Lower (antisense) 5' - GAG TTG GGA AAG 
CAT AGA GTG - 3' (priming site in intron 5.3' to 
novel 69 nucleotides). 

Preparation of radiolabelled probes: The human 
ER cDNA (OR-8) [12] was labelled with 32P by 
nick-translation as described previously [7]. A spe- 
cific probe for the novel 69 nucleotide sequence was 
prepared by PCR amplification using primer set C 
(see above). This primer set generates a 64 bp PCR 
product which was separated from free nucleotides 
and primers by low melting point agarose gel elec- 
trophoresis (NuSieve GTG Agarose; FMC. Rock- 
land, ME). This product was labelled with 3:P-dCTP 
(0.33 uM final concentration) using 1 PCR cycle un- 
der the conditions described above except that the 
other nucleotides were at a final concentration of 
0.33 uM each. The labelled fragment was separated 
from unincorporated radionucleotides on a Sepha- 
dex G-10 column. 

Long PCR: This was accomplished using a Perkin 
Elmer GeneAmp XL Kit (Roche Molecular Sys- 
tems Inc.. Branchburg, NJ) according to the manu- 
facturer's instructions. 

Cloning and sequencing: PCR products were isolat- 
ed from low melting point agarose gels (NuSieve 
GTG, FMC Bioproducts, Rockland, ME) and ligat- 
ed into the TA cloning vector, pCR ™II using the 
TA Cloning ™Kit (Invitrogen. San Diego. CA). 
The inserts were sequenced using the T7 Sequenc- 
ing Kit (Pharmacia. Baie d'Urfe, Quebec). The re- 
gion surrounding the 69 nucleotide sequence pre- 
sent in DNA obtained from a tumor expressing the 
abnormal ER-like transcript was cloned using 
primer set D. 

Results 

We had previously identified 3 human breast tu- 
mors which expressed a novel ER mRNA which 
contained a 69 nucleotide insert precisely between 
exons 5 and 6 of the wild-type ER mRNA [1]. Due 
to the precise insertion it was hypothesized that the 
69 nucleotide sequence was normally present in in- 
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oftbe human estrogen re W^ 

E2SSSi'S^iSÄ DNA. The bottom pane, shows a schematic representation of theabnormal ^-Ulce 
".n«r!p« S the novel 69 nucleotide insertion (cross-hatched box). The arrows show the approbate posmons of pnmer set A (long 

PCR) and primer set C (specific probe). 

tron 5 of the human estrogen receptor gene and that 
a mutation in the ER gene of those tumors express- 
ing the abnormal ER mRNA resulted in the 69 nu- 
cleotide sequence being recognized as an exon and 
thus being processed into the mature mRNA. This 
hypothesis predicts that the 69 nucleotide sequence 
is present in intron 5 of the normal human E R gene. 
To address this hypothesis two experiments were 
undertaken. 

Firstly, genomic DNA from T-47D and MCF-7 
human breast cancer cells, which do not express the 
69 nucleotide inserted abnormal ER mRNA. was 
isolated and subjected to PCR analysis using specif- 
ic primers for the 69 nucleotide sequence matched 
with primers either to sequences in wild-type exon 5 

(primer set A) or wild-type exon 6 (primer set B). 
No PCR products were obtained with primer set B 
(upper primer specific for the novel 69 nucleotide 
sequence and lower primer specific for exon 6). 
However, with primer set A (upper specific for ex- 
on 5 and lower specific for the 69 nucleotide se- 
quence), a PCR product of approximately 2.5 kbp 
was obtained in DNA isolated from both these cell 
lines (Figure I). 

Secondly, several genomic clones spanning the 
regions around exon 5 and exon 6 of the human ER 
(sift from Dr P. Chambon) [9] were subjected to 
Southern blotting of bacteriophage plaques. Dupli- 
cate lifts were made. One filter was hybridized with 
radiolabelled hER cDNA while the duplicate lift 
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Novel Sequence Probe 

GHERII 

€.  *. /.v 
CHER 10 

GHER 10 

GHER 11 
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•   ^ 

GHER 9 

I GHER 9 

Figure 2. Top panels: Bacteriophage containing genomic clones of the regions around exons 5 and 6 of the human estrogen receptor 

(GHER 9. GHER 10. GHER 11) [9] were subjected to plaque lifts and Southern blotting, using either a human estrogen receptor cDNA 

(OR-8) [12] or a probe specific for the novel 69 nucleotide insertion (novel sequence probe, see Figure 1). The bottom panel shows a 

schematic representation of the human estrogen receptor cDNA. human estrogen receptor gene, and the bacteriophage clones contain- 
ing various regions of the human estrogen receptor gene [9J. 

was hybridized with a radiolabelled 64 bp probe 
specific for the novel 69 nucleotide sequence (prim- 
er set C). Figure 2 shows the results of this experi- 
ment. Human genomic ER clones GHER 9,10. and 
11 all hybridized with the hER cDNA, but only 
GHER 10 hybridized with the 64 bp probe specific 
for the novel 69 nucleotide inserted sequence. 
When DNA isolated from GHER 10 was subjected 
to long PCR using the primer set A (upper specific 

for exon 5 and lower specific for the novel 69 se- 
quence), a PCR product of approximately 2.5 kbp 
was obtained which appeared to be identical in size 
to that obtained from DNA isolated from the breast 
cancer cell lines (Figure 1). 

Digestion of DNA isolated from GHER 10 with 
Eco RI yielded four bands. Southern blotting and 
hybridization with the 64 bp radiolabelled probe 
specific for the novel 69 nucleotide sequence identi- 
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ACACTCTACT 
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Figure 3. Wild-type nucleotide sequence of the region surround- 
ing the 69 nucleotide sequence, which was subcloned from DNA 
isolated from GHER 10 bacteriophage. The 69 nucleotide se- 
quence is in italics and underlined. The AG immediately up- 
stream of the 69 sequence is bold-faced, as is the AT immediately 
downstream of the 69 nucleotide sequence. The two bold-faced 
21 nucleotide sequences upstream and downstream of the 69 nu- 
cleotide sequence are the sequences used to generate PCR prim- 
ers (primer set D) which were then used to clone the correspond- 
ing region from DNA of a breast tumor expressing the 69 nucleo- 

tide inserted ER mRNA. 

fied only one band of approximately 3 kbp (data 
not shown). This band was subcloned into the plas- 
mid Bluescript SK-(Stratagene, La Jolla, CA) and 
primers specific (sense and antisense) for the novel 
69 nucleotide sequence were used individually as 
sequencing primers. The nucleotide sequence ob- 
tained from this analysis confirmed the presence of 
the novel 69 nucleotide sequence within the clone. 
As well, the sequence of approximately 170 nucleo- 
tides either side of the novel 69 nucleotide sequence 
was also obtained (Figure 3). As shown in Figure 3, 
the sequence immediately 5' to that of the novel 69 
nucleotide sequence, is AG. This is a potential 
splice acceptor site to partner the splice donor site 
at the end of exon 5. The sequence immediately 3' 
of the novel 69 nucleotide sequence is AT. We rea- 
soned that the simplest explanation for the 69 nu- 
cleotides being recognized as an exon in the tumor 
cells expressing the abnormal ER-like transcript, 
would be a mutation which generated a new splice 
donor site at the end of the 69 nucleotides which 
could partner the splice acceptor site preceding ex- 
on 6. 

Therefore. DNA was isolated from the human 
breast tumor biopsy sample originally found to ex- 
press the 69 nucleotide inserted ER-like mRNA 
(see Figures 2 and 3 in reference 1). The region sur- 

rounding the novel 69 nucleotide sequence was se- 
lected and PCR amplified using primers designed 
from the known normal sequence around this area 
(Figure 3. primer set D). These primers amplified 
the expected 252 bp fragment in DNA isolated 
from non-expressing tumors as well as from the ab- 
normal ER-like mRNA expressing tumor. The 
252 bp fragment from the expressing tumor was 
subcloned and sequenced. Two independent PCRs 
led to clones some of which when sequenced con- 
tained an A—> G mutation immediately 3' to the 
novel 69 nucleotide sequence (Figure 4). This muta- 
tion generates a new splice donor site to partner the 
splice acceptor site preceding exon 6. Such a muta- 
tion would be consistent with the novel 69 nucleo- 
tide sequence being recognized as an exon and be- 
ing processed into the mature ER-like mRNA. It 
should be noted that clones containing the wild- 
type sequences were also obtained. 

Discussion 

Several variant ER-like transcripts have been char- 
acterized in human breast cancers [2]. They fall into 
two main categories: the precise exon deleted tran- 
scripts [4, 5] and the truncated transcripts [3, 7], 
both of which are likely to be generated by an al- 
ternative splicing mechanism [6]. More recently we 
have identified an ER-like transcript which was 
larger than the wild-type ER mRNA, and indeed 
cloning and sequencing of this transcript identified 
a precise insertion of 69 nucleotides between exon 5 
and exon 6 sequences [1], It seemed more likely that 
this novel transcript was generated from a mutant 
ER gene, rather than some alternative splicing 
mechanism. The data presented in this manuscript 
identify a point mutation in the ER gene present in 
DNA isolated from the tumor originally found to be 
expressing high levels of the novel 69 nucleotide in- 
serted ER-like mRNA [I]. 

The 69 nucleotide sequence was found to be pre- 
sent in DNA obtained from cells containing only 
the wild-type estrogen receptor gene, at least as de- 
fined by the lack of expression of any detectable ab- 
normal'inserted ER-like mRNA. The sequence was 
further mapped to intron 5 of the human estrogen 
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TAGCA GCTTG AGAAC AGACT AATAC AAGGG GCTGT CTTGT 
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CTAGC TGCCA GTAGC AACCT CCACT TCCTC CACTT ACOGT 
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Figure 4. Nucleotide sequence of wild-type and mutant clones obtained from the PCR analysis (primer set D) of DNA from a breast 
tumor expressing the 69 nucleotide inserted ER mRNA. The arrowheads on the sequencing gel identify the relevant nucleotides in each 
clone. The asterisk identifies the G point mutation in the mutant clone. Panel A shows representative sequencing gels of both wild-type 
and mutant clones, and panel B shows the mutant nucleotide sequence, with the 69 nucleotides in italics and underlined and the G 
mutation bold-faced. 

receptor gene [9]. Sequencing of the region sur- 
rounding the 69 nucleotide sequence in the wild- 
type gene identified a consensus splice acceptor site 
immediately 5' to the 69 bp sequence, but not a do- 

nor splice site immediately 3' to the 69 bp sequence. 
When the same region was characterized in DNA 
isolated from the tumor expressing the abnormal 
transcript, an A—> G transition was found immedi- 
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ately 3' to the 69 nucleotide sequence which gener- 
ated a new consensus splice donor site. Indeed, the 
presence of the 69 nucleotide inserted ER-like 
mRNA in this tumor is consistent with the 69 nucle- 
otides being surrounded with appropriate splicing 
signals and being recognized as an exon and there- 
fore processed into mature mRNA. 

Although wild-type clones were also obtained 
from the DNA of the tumor expressing the abnor- 
mal ER-like mRNA. the A—> G mutation is un- 
likely to be a PCR induced error, since the identical 
mutation was obtained from clones generated from 
two independent PCR reactions. The mixture of 
wild-type and mutant is more likely to reflect the 
presence of both the wild type allele and the mutant 
allele in the tumor sample. Further, such data are 
consistent with the original RT-PCR data in which 
both the wild-type RT-PCR product and the abnor- 
mal RT-PCR product were observed in the same 
RNA extract [1]. It is unclear whether this repre- 
sents heterozygosity for the mutant allele or alter- 
natively heterogeneous cell populations within the 
tumor sample. Moreover, we cannot exclude that 
the alteration in this ER allele is germline and not 
tumor specific, since we have not sequenced the ap- 
propriate region in DNA isolated from normal tis- 
sue or peripheral blood lymphocytes from the same 
patient. 

In conclusion, our data support the generation of 
abnormal ER-like mRNA from mutations occur- 
ring in the estrogen receptor gene in some human 
breast cancers. 
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1-521 
RECEP- 

ISSUEAND 
.XPRESStON OF EXON 6 DELETED PROGESTERi 
OR VARIANT mRNA IN NORMALHUMAN BREA; 
REAST TUMOURS. 
. Lcvguc*'. H. DotzJaw1, P. Watson2. L.C. Murphyjybept of Biochemis- 
y and Molecular Biology. 2 Dept of Pathology, J^iversity of Manitoba, 
acuity of Medicine, Winnipeg, Manitoba, R3Efl^3, Canada. 

The progesterone receptor (PR) is an important prognostic marker in 
reast cancer as well as a marker of respons^eness to endocrine therapies, 
he presence of several exon-deleted PRjpiant mRNAs in both normal and 
:oplastic breast samples has recentlybpn reported. Amongst them, a van- 
it mRNA deleted in exon 6 (D6-PiWriRNA), that if translated, would en- 
3de a truncated PR-like protein drasing the hormone binding domain and 
iic of the transactivating domajffs of the wild-type PR protein. In order to 
:termine whether changes infD6-PR variant expression could occur during 
imorigenesis. its expression was investigated by reverse transcription and 
CR in ten normal redimion mammoplasties samples, nine breast tumors 
ith high PR levels ü^OO fmol/mg protein) and eight breast tumors with 
iw PR levels (<15Jmol/mg protein), as determined by ligand binding assay, 
he relative expre/Bion of D6-PR to wild-type PR mRNA was lower (P<0.01) 
i normal than^tumor breast samples. Moreover, a trend to lower (P<0.1) 
:lative D6J^ expression was observed in high PR tumors, compared to 
iw PR tudors. These data suggest that increased expression of D6-PR occurs 
lring tumor progression. 

Pl-523 
CO-EXPRESSION OF VARIANT PROGESTERONE AND ESTROGEN RECEPTOR 
TRANSCRIPTS IN HUMAN BREAST CANCER. R.l. Balleine'. S. Hun!. C. Yeates 
and C.L. Clarke. Westmead Institute of Cancer Research, University of Sydney, 
Westmead Hospital. Westmead, NSW 2145, Australia. 

There is emerging evidence that some nuclear hormone receptors exist as a number 
of isoforms which may differ in their functional capacity and may interact to 
mediate hormone responses. This 'may be relevant to the phenomenon of receptor 
positive though hormone resistant breast cancer. The aim of this study was to 
compare the expression of wild-type and truncated ER and PR transcripts in a series 
of breast cancers in order to determine the extent of variant transcript expression in 
tumors known to contain different levels of the hormone dependent marker pS2. PR 
transcripts were measured by RT-PCR in 35 PR positive tumors and ER transcripts in 
24 of these cases. The majority of tumors contained alternatively spliced PR 
transcripts although their abundance was extremely low and only detectable en 
heavily overexposed Southern blots. PR transcripts lacking exons 4 and 6 were the 
most abundant species noted and were present in 89% and 91% of tumors respectively. 
Deletions of exons 2 and exon 3 were detected in 80% and 91% of tumors respectively, 
and multiple exon deletions, notably deletions of exons 2+3 and 5+6 were detected in 
over 90% of tumors. Evidence for cryptic splicing was indicated by the detection of 
PR transcripts lacking half of exon 4 in 97% of tumors. Exon deleted ER transcripts 
were markedly more abundant than truncated PR transcripts. All of the tumors 
contained multiple exon deleted transcripts. Specific deletions of exons 2, 4, 5 and 7 
were present in the majority of tumors. The exon 7 deleted variant was the most 
abundant species, expressed at levels ranging from 31 - 83% of wild type ER. There 
was re> relationship between the expression of PR and ER truncated transcripts and 
expression of pS2. This study has shown that multiple alternatively spliced PR and 
ER transcripts are commonly co-expressed in breast cancer, although the level of 
expression of the PR variants is very low. The expression of truncated PR and ER 
transcripts was not associated with expression of pS2 and the implications of these 
variants for hormone responsiveness in breast cancer remains to be determined. 

1 

»1-522 
UNCTIONAL CHARACTERIZATION OF NOVEL INSEF 
STROGEN RECEPTORS (ER). D Douglas*, and LC Murphv 
f Biochemistry & Molecular Biology, University of Manitoba, Wj^upeg 
IB, R3E 0W3, Canada. 
Previously we identified ER-Iike mRNAs containing inserteoÄqucnces in 
>me human breast tumors. Cloning these ER-Uke mRNAs jMwed: 1) 
iRNAs containing duplication of exon 6 ER sequences. Tjepredicted 51 
Da protein is identical to wild type ER protein upto am^B acid (a.a) residue 
57 followed by 5 novel a.a, and truncated in the mid^Womain; 2) a mRNA 
>ntaining duplication of exons 3+4. The predicted SwkDa protein is 
entical to wild type ER except the a.a encoded bj^Kcons 3+4 are duplicated; 
i a mRNA containing 69 novel nucleotides inseÄd between exon 5 and 6. 
tiese sequences are inframe and encode 23 no^l a.a between residues 412 
id 413 of wild type ER. The predicted pro^i is 69 kDa. To assess 
jtential function of these putative ER-likdproteins, appropriate expression 
:etors where 1) transcribed and transla^o in vitro, and their ability to bind 
i-csrxadiol determined. 2) transiemMro-transfected with ERE-tk-CAT into 
OS-1 cells + estradiol (10 nM) tojKasure transactivarion potential, and 3) 
msiently co-transfected with theJMV-(EREh-CAT into COS-1 cells to 
;sess DNA binding potential in#hole cells. Exon 6 duplicated ER did not 
nd estradiol nor have transacwation activity. The whole cell promoter 
terference assay suggested*« it could bind to an ERE.The exon 3+4 
iplicated ER had reducedjfstradiol binding and reduced ligand activated 
anscriptional activity. TMewhole cell promoter interference assay suggested 
at it could bind to anJRE. The 23 a.a. inserted ER had reduced estradiol 
nding activity and li« if any transcriptional activity. The whole cell 
omoter interfereno#assay suggested that it could bind to an ERE. 
xpression of ihesyhovel ER-like proteins in ER positive cells may modify 
ild type ER siaal transduction. Their expression may contribute to the 
■ogression ofJome breast cancers from hormone dependence to 
dependence^nd the development of endocrine resistance. 

Pl-524 
POLYMORPHIC CAG REPEATS IN THE ANDROGEN RECEPTOR 
GENE IN FEMALE BREAST CANCER. Y Elhaii'. L Pinsky1--3.4-3. M 
Tnfiro1'5. 'Lady Davis Insitiiuic for Medical Research. Sir M.B.Davis-Jewish General 
Hospital; Depts. of -Biology. 3Human Genetics. 4Pediatrics and ^Medicine. McGill University. 
Montreal. Quebec. CANADA. 

The human androgen receptor (hAR) is an androgen modulated, DNA-binding. 
transcripiional-rcgulatory protein that is a proiotypic member of the nuclear receptor supertamily 
and plays a role iii the regulation of breast development. Epidemiological evidence suggests that 
women with higher lifetime "exposures- to estrogen have a higher risk of breast cancer. 
Estrogen promotes and maintains breast development, and androgen is antiestrogenic. The 
amiestrogenicity of androgen has been documented repeatedly in certain human breast cancer 
lines, and in advanced breast cancer, the combination of anlicslrogcn plus androgen therapy is 
superior to that of antiesuugen alone. 

The iranscriplional domain of the hAR is encoded by exon 1 which contains a 
polymorphic CAG repeat thai modulates Iransactivalion. It has been shown lhal longer repeats 
are associated with decreased Iransactivalion. which may affect Ihe functional csirogcn:androgen 
balance bv generating a functional hyperesirogenicity. For this reason we have chosen to assess 
the size of Ihc polymorphic CAG repeal in Ihe AR gene in brcasl cancer tissue. 25 fresh frozen 
female breast cancer samples (50 allelcs) were obtained from the Manitoba Breast Tumour Bank. 
Genomic DNA was isolated using TRI-Rcagenl and amplification of the hAR was performed 
using nested PCR. The PCR products were separated and sized by silver staining on a 10% 
polyacrylamidc minigcl. hAR fragments of known CAG tract size (20. 22. 24. 26. 28. 32) were 
used as controls. 

The distribution of CAG repeals in the normal population ranges from 11-33 repeats. 
Only 11% have tracts larger lhan 25 repeals and only 1% have tracts greater than 30 repeats. Our 
analysis showed 35'* of ihc allelcs from the breast cancer tumour samples have 26 or more 
repeats and 8* have more than 30 repeals. This dala suggests a significant shift in the 
distribution of CAG repeals in ihc hAR gene of breast cancer tissue. The trunscnplional 
properties of an expressed androgen receptor corresponding to a shifted CAG repeat size could 
lead to relative hypercstrogcnicily. Wc are extending these studies with Class A samples which 
include breast cancer tissue and matching normal breast tissue. This would address the possible 
somatic euolouv of such a shift. 
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EXPRESSION  OF ESTROGEN  RECEYTOR-BETA IN  HUMAN 
BREAST TUMORS 

HELMUT DOTZLAW, ETIENNE LEYGUE, PETER H. WATSON*, LEIGH C. MURPHY. 

Department of Biochemistry and Molecular Biology and *Department of Pathology,   University of Manitoba, 
Winnipeg, R3E 0W3, Canada. 

ABSTRACT 
The expression of a recently described novel estrogen receptor, ER-ß, was detected in several human breast tu- 
mor biopsy samples and several human breast epithelial cell lines using reverse transcription and polymerase 
chain reaction (RT-PCR) analysis. Cloning and sequencing of the PCR product from a breast tumor confirmed 
the identity of the sequence with that of the ER-ß mRNA previously reported in human testis. The expression 
of ER-ß was not correlated with that of ER-a, and both ER-a positive and ER-oc negative cell lines expressed 
ER-ß mRNA. However, some breast tumors and some cell lines coexpress ER-ß and ER-a mRNA. Our data 
support a possible role for ER-ß in human breast cancer. 

Estrogen signal transduction plays an important 
role in both normal and neoplastic mammary 

tissue (1). The principal mechanism by which the ef- 
fects of estrogen are mediated in either normal or 
neoplastic target cells is via an initial interaction with 
the estrogen receptor (ER), a member of the ster- 
oid/thyroid/retinoid receptor gene superfamily (2). 
Recently, a novel ER, referred to as ER-ß was cloned 
and characterized from human testis (3) and its rat 
homolog was cloned and characterized from rat pros- 
tate (4). The ER-ß protein has similarities to the 
classical ER referred to as ER-a, in terms of structure 
and function. Both of these proteins have a high de- 
gree of conservation of the DNA and ligand binding 
domains (3), while the A/B, hinge (D) and F domains 
are not conserved (3,4). Transient expression assays 
have shown that ER-ß can bind estradiol and can 
transactivate estrogen regulated reporter genes, al- 
though less efficiently than ER-a, and antiestrogens 
can inhibit this effect (3,4). Further, the tissue distri- 
bution of ER-a and ER-ß although not identical ap- 
pears to overlap in some cases (3,4). Therefore ER-ß 
may be involved independently in estrogen signal 
transduction in some tissues but in other tissues may 
contribute with ER—a in estrogen signal transduction. 

Estrogen has an important role in human breast can- 
cer, however, perturbations of ER signal transduction 
are thought to contribute to tumor progression and 
the eventual development of a hormone-independent 
and more aggressive phenotype (5-7). The expression 
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of ER-ß in normal or neoplastic mammary tissue has 
not been reported, and it is important  to determine if 
ER-ß is expressed in breast cancers  and therefore 
could potentially  contribute to estrogen signal trans- 
duction in this tissue. 

Materials  and  Methods 
Human tissues, cell lines and RNA extraction. 

Forty human breast tumor specimens left-over from steroid 
receptor assays were obtained from the Manitoba Breast Tu- 
mor Bank. Fourteen tumors were ER negative (ER < 3 
fmol/mg protein), with progesterone receptor (PR) values 
ranging from 0 to 19.9 fmol/mg protein (median: 11.85 
fmol/mg protein). Twenty six tumors presented ER levels 
ranging from 4.7 to 304 fmol/mg protein (median: 33.5 
fmol/mg protein) and PR levels ranging from 4.1 to 764 
fmol/mg protein (median: 50.5 fmol/mg protein). Total RNA 
was extracted using the guanidinium thiocyanate/cesium chlo- 
ride method (8) as previously described (9). The human testis 
sample was obtained through the Manitoba Breast Tumor 
Bank and the MCF 10A1, MDA MB 231, T-47D and T- 
47D-5 cell lines were grown as previously described (10, 11). 
Total RNA from the cell lines and testis sample was extracted 
using Trizol reagent (Gibco/BRL) according to the manufac- 
turers instructions, and the integrity of the RNA was con- 
firmed by denaturing gel electrophoresis as previously de- 
scribed (9). 

RT-PCR and Primers. 

Total RNA (1.5 ug per reaction), denatured at 65°C for 5 
min, was reverse transcribed in a final volume of 15 ul con- 
taining 50 mM Tris-HCl (pH 8.3), 75 mM KC1, 3 mM 
MgCl2, 10 mM DTT, 0.5 uM random hexamers 
(Gibco/BRL) and 150 units M-MLV reverse transcriptase 
(Gibco/BRL). The reaction was allowed to proceed for 60 min 
at 37°C and was then terminated by heating at 90°C   for 5 
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One ul of this reaction was amplified by PCR in a final vol- 
ume of 25 ul (if analyzed on 1.8% agarosegels stained with 
ethidium bromide) or 10 (a.1 (if incorporating [a-32P] dCTP 
and analyzed on 6% urea-PAGE), containing 20 mM Tris- 
HC1 (pH 8.4), 50 mM KC1, 2 mM MgCl2, 0.2 mM dNTPs, 
4 ng/ul each primer and 0.02 unit/ul of Taq DNA Polym- 
erase(Gibco/BRL). 

The primers for ER-a were: ER-a upper (sense) 5' - CAG 
GGG TGA AGT GGG GTC TGC TG - 3' (priming site in 
exon 4, nucleotides 1060 - 1083 as numbered in reference 
13); ER-a lower (antisense) 5'- ATG CGG AAC CGA GAT 
GAT GTA GC - 3' (priming site in exon 6, nucleotides 1520 
- 1543). The PCR conditions were 25 cycles of 1 min 94°C, 
30 sec 60°C , and 1 min  72°C, and 20 ul of the PCR reac- 
tions were electrophoresedin agarosegels (1.8%) and visual- 
ized by ethidium bromide staining. 

The primers used to amplify ER-ß cDNA were: ER-ß up- 
per (sense) 5'- TGC TTT GGT TTG GGT GAT TGC - 3' 
(nucleotides 1164 -1185 as numbered in reference 3); ER-ß 
lower (antisense) 5'- TTT GCT TTT ACT GTC CTC TGC 
- 3' (nucleotides 1402 - 1423). The PCR conditions were 1 
min 94°C, 30 sec 58°C, and 30 sec 72°C, for 30 cycles. 
PCR was done in the presence of [o>32P] dCTP (3000 
Ci/mmol, 1 jtCi per 10 p.1 reaction), and 4 ul of the reaction 
separated on 6% polyacrylamide gels containing 7M urea. 
Following electrophoresis, the gels were dried and autora- 
diographed. In some cases, the PCR was done in the absence 
of radioactivity for 40 cycles, and 20 ul of the PCR reactions 
were electrophoresed in agarose gels (1.8%) and visualized by 
ethidium bromide staining. 

In order to control for errors in input of cDNA used in PCR 
reactions, amplification of the ubiquitous glyceraldehyde-3- 
phosphate dehydrogenase (GAPDH) cDNA was performed in 
parallel using GAPDH primers (sense 5' - ACC CAC TCC 
TCC ACC TTT G - 3'; antisense 5' - CTC TTG TGC 
TCT TGC TGG G - 3') for 25 cycles of 1 min 94°C and 30 
sec 52°C. PCR products were separated on agarose gels 
(1.8%) and visualized by ethidium bromide staining. All 
PCR reactions were performed at least twice in separate ex- 
periments. 

PCR products from human testis and an appropriate breast 
tumor thought to represent ER-ß were subcloned into the 
cloning vector, pGEM-T Easy (Promega) as previously de- 
scribed (12). Double stranded mini-prep DNA from two inde- 
pendent clones from each tissue was sequenced using a T7 
Sequencing kit (Pharmacia) following the manufacturers pro- 
tocol. 

Results 

Forty human breast cancer biopsies were analyzed 
for the expression of ER—ß using radioactive RT-PCR 
as described above. It has previously been shown that 
the human testis expressed ER-ß mRNA at relatively 
high levels, and consequently RNA extracted from a 
sample of non-malignant human testis was used as a 
positive control. A 259 bp PCR product of varying 
intensity was detected in 70% of the breast biopsy 
samples analyzed (Figure 1, panel A). Several tumors 
displaying high, intermediate and low levels of ER-ß 

expression using the radioactive PCR were reanalyzed 
using 40 cycles in a non-radioactive PCR. A 259 bp 
band equivalent to that found in the testis was de- 
tected in tumors displaying a strong signal in the ra- 
dioactive PCR, while little if any product was detected 
in those tumors displaying intermediate and low sig- 
nals in the radioactive PCR (Figure 1, panel B). The 
259 bp signal is unlikely to result from amplification 
of contaminating genomic DNA, as the primers used 
were chosen to prime in what has been suggested to be 
separate exons (3). Moreover, an equivalent signal 
was obtained using cDNA in which the RNA had been 
treated with DNase I prior to reverse transcription 
(data not shown). 

The 259 bp DNA fragments from the testis and a 
breast tumor sample in which a strong ER-ß signal 
was detected were subcloned and sequenced. The tumor 
sequence was identical to the testis sequence, and 
matched that previously published for the human ER- 
ß mRNA (3). 

■ Breast Tumors - 
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FIG. 1. A: Radiolabelled RT-PCR products using primers 
for ER-ß and 30 cycles of PCR, separated on 6% PAGE con- 
taining 7M urea. Twelve human breast cancer biopsy samples 
and a positive control from a human testis sample are shown. 
The exposure was overnight with an intensifying screen. B: 
The same panel of human breast cancer biopsy samples and 
the human testis sample amplified with ER-ß primers for 40 
cycles of PCR separated on 1.8% agarose and stained with 
ethidium bromide. C: RT-PCR products using primers for 
ER-a from tumors and the testis sample shown in panels A 
and B separated on 1.8% agarose and stained with ethidium 
bromide. D: Expression of GAPDH in the tumor and testis 
samples shown in panels A, B and C. 

Expression of ER-a mRNA in the testis and breast 
tumor samples was investigated using RT-PCR. The 
expected 483 bp DNA fragment was detected in 90% 
of the breast cancer biopsy samples by ethidium bro- 
mide staining (Figure 1, panel C) but no ER-a mRNA 
was detected in the testis sample (Figure 1, panel C). 
No correlation   was seen between ER-a and ER-ß 



RAPID COMMUNICATIONS 2373 

mRNA expression in the breast cancer biopsy sam- 
ples. However, it was apparent that both genes could 
be expressed within the same tumor sample in some 
cases (see tumor samples in Figure 1, lanes 9,11,12). 

To determine if the differences in level of detection 
were due to errors in input of cDNA used in PCR reac- 
tions, amplification of the ubiquitous GAPDH cDNA 
was performed in parallel using GAPDH primers 
(Figure 1, panel D). The results suggest similar levels 
of GAPDH in all samples analyzed. 

A. 
ER-ß 259 bp 

259 bp 

483 bp 

178 bp 

FIG. 2. A: Radiolabelled RT-PCR products using primers 
for ER-ß and 30 cycles of PCR, separated on 6% PAGE con- 
taining 7M urea. Four human breast epithelial cell lines and a 
testis positive control are shown. The exposure was overnight 
with an intensifying screen B: The four human breast cell 
lines shown in panel A amplified for 40 PCR cycles using 
primers for ER-ß separated on 1.8% agarose and stained with 
ethidimn bromide. C: Expression of ER-a in the human 
breast cell lines shown in panels A and B using RT-PCR. D: 
Amplification of GAPDH in the four epithelial cell lines 
shown in panels A, B and C. 

The heterogenous nature of human breast tumor 
samples with respect to cell type (normal and neo- 
plastic breast epithelial cells, normal stroma, 
myoepithelial cells, infiltrating lymphocytes) made it 
difficult to determine  if the ER-ß mRNA was ex- 

pressed exclusively in tumor cells. To address this is- 
sue we analyzed the expression of ER-ß mRNA in 
several human breast epithelial cell lines, including 
breast cancer cell lines. The expected 259 bp band was 
detected at varying levels in all breast epithelial cell 
lines following autoradiography of radiolabelled RT- 
PCR products (Figure 2, panel A), and was detected by 
ethidium bromide staining of nonradioactive RT-PCR 
products obtained from T-47D and MDA MB 231 
cells (Figure 2, panel B). 

ER-ß mRNA was detected in cell lines which were 
both ER-a positive (T-47D, T-47D-5) and ER-a 
negative (MDA MB 231, MCF 10A1). ER-a mRNA 
expression was determined by RT-PCR (Figure 2, 
panel C). Differences in signal are unlikely to be due 
to differences in input cDNA as shown by the 
equivalent GAPDH signal observed in all samples 
(Figure 2, panel D). 

Discussion 
The data presented in this paper provide evidence 

for the expression of the ER-ß gene in human breast 
epithelial cells. Our results are the first, to our knowl- 
edge, to address the issue of ER-ß expression in either 
normal or neoplastic breast tissue or cells. ER-ß 
mRNA was detected in both human breast tumor bi- 
opsy samples and human breast epithelial cell lines 
growing in culture. The level of expression of this 
gene appeared to vary amongst tumor samples and 
between cell lines, but the expression was not corre- 
lated with the expression of ER-a mRNA. Indeed 
both ER-a positive (T-47D) and ER-a negative 
(MDA MB 231) cell lines, as determined by ligand 
binding assays (14) and RT-PCR analysis (Figure 2, 
panel C), were found to express relatively high levels 
of ER-ß mRNA. Interestingly, the non-tumorigenic, 
apparently 'normal' human mammary epithelial cell 
line, MCF 10A1 (11), contained detectable ER-ß 
mRNA suggesting the possibility that ER-ß may be 
expressed in normal human mammary epithelial cells. 
The ER-ß has been shown to have some functional 
similarities to the ER-a in that it can bind estradiol- 
17ß and activate an ERE- regulated reporter gene 
construct, and antiestrogens can inhibit ER-ß activity 
in these assays (3,4). However, reduced potency of 
estrogen activation of ER-ß with respect to ER-a 
was noted (3), and since marked differences between 
these two ERs in the A/B , hinge (D) and F domains 
exist the assay systems previously used may not be 
optimal for ER-ß in terms of the cell type, the pro- 
moter and possibly the ligand (3). The detection of 
relatively high levels of ER-ß mRNA in MDA MB 
231 breast cancer cells, which have previously been 
shown to be ER-a negative by ligand binding assays 
and in this paper by RT-PCR analyses, questions the 
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functional significance of ER-ß expression in these 
cells at least with regard to mediating an 17ß-estradiol 
signal. However, the lack of any clearly defined func- 
tion for this protein as well as possible different ligand 
preferences (15) severely limits the interpretation of 
such data. 

Although we found no correlation between ER-oc 
and ER-ß expression, some tumors and some cell lines 
were found to co-express these two genes. These data 
are consistent with previous findings (3,4) in which 
ER-ß expression was found to have an over-lapping 
but non-identical tissue distribution to ER-oc. While 
the radioactive PCR used to screen the breast tumor 
biopsy samples is a highly sensitive method likely to 
detect very low levels of expression of ER-ß, several 
tumors presented a strong signal equivalent to that 
seen in the testis sample using both radioactive PCR 
and by ethidium bromide staining of PCR products. 
Our data suggest that ER-ß may have a role in breast 
cancer cells, and this role may be expected to differ 
depending on the presence or absence of expression of 
the classical ER-oc. Further, given the similarities and 
differences so far identified between these two gene 
products our results suggest that an involvement of 
ER-ß in estrogen signal transduction or altered estro- 
gen signal transduction in breast tissue will have to be 
considered. 
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ABSTRACT 
ER-ß mRNA splice variants have been identified in human breast tumors as well as normal human and mouse ovarian, uterine 

and mammary tissues. In both species transcripts deleted in exons 5 or 6, or 5+6 have been characterized by RT-PCR followed by 
cloning and sequencing. In mouse tissues an ER-ß transcript containing 54 nucleotides inserted in frame between exons 5 and 6 was 
identified. Interestingly, no equivalent of the mouse inserted transcript was detected in any of the four human tissues analyzed. 

Recently, the cDNA of a second estrogen receptor, ER-ß, 
was cloned and sequenced (1) from the rat, the human (2) 

and the mouse (3). Northern analysis of RNA isolated from 
mouse ovary demonstrated the presence of multiple mRNA spe- 
cies for ER-ß (3) suggesting the possibility that variant ER-ß 
proteins might exist. To investigate whether ER-ß variant mRNAs 
might be expressed in human as well as murine tissues, a re- 
verse-transcription polymerase chain reaction (RT-PCR) analy- 
sis was undertaken which demonstrated the presence of variant 
ER-ß mRNAs in both species. 

Materials and Methods 

Tissues and RNA extraction. 
Human breast tumor specimens left-over from steroid 

receptor assays were obtained from the Manitoba Breast Tumor 
Bank, and three non-malignant human uterine hysterectomy 
samples were obtained from the Department of Obstetrics and 
Gynecology, Health Sciences Centre, Winnipeg, Canada. Total 
RNA was extracted using the guanidinium thiocyanate/cesium 
chloride method as previously described (4). Four non-malig- 
nant human ovarian samples from two pre-menopausal and two 
post-menopausal women were obtained through the Ovarian 
Tissue Bank at the Institut du Cancer de Montreal, Centre de 
Recherche Louis-Charles Simard, Montreal, Canada. Four nor- 
mal human breast tissues from reduction mammoplasties of pre- 
menopausal women were obtained through the Manitoba Breast 
Tumor Bank. Total RNA from the ovarian and normal breast 
tissue samples was extracted using Trizol reagent (Gibco/BRL) 
according to the manufacturer's instructions. 

Mouse uteri and ovaries were obtained from four female mice 
aged 8 to 9 weeks, and mammary tissues were obtained from 
two adult lactating female mice. Total RNA was extracted us- 
ing Trizol reagent (Gibco/BRL) according to the manufactur- 
er's instructions. 

Integrity of RNA was confirmed by denaturing gel electro- 
phoresis as previously described (5). 

RT-PCR and Primers. 

Total RNA (1.5 \xg per reaction) was reverse transcribed as 
previously described (6). One ju.1 of this reaction was amplified 
by PCR incorporating 32P in a final volume of 10 |il, and 4 JLLI of 
this reaction separated on 6% denaturing polyacrylamide gels 
and autoradiographed as previously described (6). 

All ER-ß exons are defined in this report by analogy to the 
human ER-a exon structure (7): 

Human primer set one: hER-ß exons 4 and 7: hER-ß-4 
(sense) 5'-GGC CGA CAA GGA GTT GGT A-3' (priming site 
in exon 4, nucleotides 762-780 as numbered in reference (2)); 
hER-ß-7 (antisense) 5'-TCC ATG CCC TTG TTA CTC G-3' 
(priming site in exon 7, nucleotides 1262-1280). The PCR con- 
ditions were 30 cycles of 1 min 94°C, 30 sec 60°C , and 1 min 
72°C. 

Human primer set two: hER-ß exons 5 and 6: hER-ß-5 
(sense) 5'-GCT GTT GGA TGG AGG TGT TA-3' (priming site 
in exon 5, nucleotides 857- 876); hER-ß-6 (antisense) 5'-CTT 
GAA GTA GTT GCC AGG AG-3' (priming site in exon 6, 
nucleotides 997-1016). The PCR conditions were 30 cycles of 
30 sec 94°C, 30 sec 60°C, and 30 sec 72°C. 

Mouse primer set one: mER-ß exons 4 and 8: mER-ß-4 
(sense) 5'-CTG AAC AAA GCC AAG AGA-3' (priming site in 
exon 4, nucleotides 600-617 as numbered in reference (3)); mER- 
ß-8 (antisense) 5'-GCT CTT ACT GTC CTC TGT CG-3' (prim- 
ing site in exon 8, nucleotides 1417-1436). The PCR conditions 
were 35 cycles of 1 min 94°C, 1 min 60°C , and 2 min 72°C. 

Mouse primer set two: mER-ß exons 5 and 6: mER-ß-5 
(sense) 5'-GCT GAT GGT GGG GCT GAT GT-3' (priming site 
in exon 5, nucleotides 890-909); mER-ß-6 (antisense) 5'-ATG 
CCA AAG ATT TCC AGA AT-3' (priming site in exon 6, 
nucleotides 993-1012). The PCR conditions were 35 cycles of 1 
min 94°C, and 30 sec 60°C. 

PCR products from human breast tumors and mouse mam- 
mary tissues were subcloned into the cloning vector, pGEM-T 
Easy (Promega) following the manufacturer's instructions. 
Double stranded DNA from at least two independent clones from 
each tissue was sequenced using a T7 Sequencing kit (Pharmacia) 
following the manufacturer's protocol. All RT-PCRs were car- 
ried out at least twice for each sample analyzed. 



Results and Discussion 
Previously the presence of ER-ß mRNA was identified in 

some human breast tumor samples (6). The RT-PCR analysis 
employed a primer set which by analogy to the ER-a exonic 
structure would anneal to sequences corresponding to exons 7 
and 8 of the human ER-ß cDNA. Numerous splicing variants of 
the human ER-oc mRNA have been identified to date (see (8) for 
review), and it was of interest to determine if similar splice vari- 
ants could be detected in the ligand binding domain of the ER- 
ß mRNA in human breast tumors. Using a primer set which by 
analogy to human ER-a would anneal to sequences located in 
exons 4 and 7 of the human ER-ß cDNA, RT-PCR analyses were 
undertaken using RNA isolated from four separate human breast 
tumor samples which had previously been shown to express ER- 
ß mRNA by RT-PCR using an exon7/8 primer set (6). The re- 
sults presented in Fig. 1, show the presence of the expected 519 
bp wild-type ER-ß product as well as several smaller sized PCR 
products. 

Human Breast Tumors 
12       3      4 

WT 
(519 bp)      * 

«*i.* 

D6 
--*-- 

(385 bp)V_ 

D5       /^ 
(380 bp) 

D5/6 
(246 bp)" 

FIG. 1. Detection of wild-type ER-ß and ER-ß variant 
mRNAs in human breast tumor tissues. Total RNA extracted 
from 4 different human breast tumors (1-4) was reverse tran- 
scribed and PCR amplification was performed using primers 
located in exons 4 and 7. PCR products migrating at the sizes of 
519 bp, 385 bp, 380 bp and 246 bp were subsequently cloned, 
sequenced and identified as corresponding to ER-ß wild-type 
(WT), exon 6-deleted variant (D6), exon 5-deleted variant (D5) 
and exon 5-6-deleted variant (D5/6) cDNAs, respectively. 

Cloning and sequencing of the smaller sized products (Fig. 
2) revealed deletions of nucleotides 812-950,951-1084 and 812- 
1084 (numbered as in reference (2)) which by analogy to ER- 
oc would be a precise exon deletion of exon 5, exon 6, and exon 
5 plus 6, respectively. To determine if such deletions occurred 
only in human breast tumor tissue, RNA extracted from several 
normal breast, uterine and ovarian tissue samples was analyzed 
(Fig. 3, top panel). The same tissues from the mouse were 
analyzed in parallel, using a mouse ER-ß primer set located in 
putative exons 4 and 8 (Fig. 3, bottom panel; all exons, mouse 
and human, are numbered according to the human ER-a struc- 

ture (7)). All human tissues analyzed expressed ER-ß variant 
mRNAs similar to those identified in breast tumors. The ex- 
pected wild-type product of 837 bp was detected in all mouse 
tissues, as were several smaller sized PCR products. Cloning 
and sequencing of the 698 bp fragment identified deletions of 
nucleotides 829-967, which by analogy to the mouse ER-a would 
be a precise deletion of exon 5; and deletions of nucleotides 
829-1101 representing deletion of exons 5 and 6 (Fig. 2, 
nucleotides numbered as in reference (3)). The 703 bp band was 
found to correspond to an exon 6 deleted ER-ß transcript. 

These data support the expression of exon deleted splice 
variants for ER-ß similar to those for ER-a, in both human and 
murine tissue samples. The exon deleted splice variants identi- 
fied in this study are out-of-frame and would be expected to 
encode C-terminally truncated ER-ß proteins, which are unlikely 
to bind ligand. 

In contrast to what was observed in human tissues, all murine 
tissues analyzed presented a prominent ER-ß 891 bp PCR prod- 
uct which was larger than the expected wild type ER-ß product 
of 837 bp (Fig. 3, bottom panel). Sequencing of the larger PCR 
product revealed an insertion of 54 nucleotides between 
nucleotides 967 and 968 (as numbered in reference 3), which by 
analogy to ER-a would be precisely inserted between the splice 
junction of exons 5 and 6. Identical results were obtained when 
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FIG. 2. Sequencing of exon 5-deleted and exon 5/6-deleted 
ER-ß variants in human and murine tissues. Top panels: 
Sequencing of PCR products obtained by amplification of hu- 
man breast tumor cDNAs using primers in exons 4 and 7 and 
migrating at the sizes of 380 bp and 246 bp (see Fig. 1) showed 
a perfect junction between exon 4 and 6 (deletion 5), and exon 4 
and 7 (deletion 5/6), respectively. Bottom panels: Sequencing 
of PCR products obtained by amplification of murine breast tis- 
sue cDNAs using primers in exons 4 and 8 and migrating at the 
sizes of 698 bp and 564 bp (see Fig. 3) showed a perfect junc- 
tion between exon 4 and 6 (deletion 5), and exon 4 and 7 (dele- 
tion 5/6), respectively. 



the starting RNA samples were enriched for polyadenylated tran- 
scripts using oligo-dT attached to magnetic beads (data not 
shown), suggesting that the inserted transcript represented an 
authentic mRNA species. The sequence of this insertion is shown 
in Figure 4. This insertion is inframe and the predicted amino 
acids are shown in Figure 4 also. While this work was in progress 
the presence of a 54 bp inserted ER-ß transcript in rat tissues 
was published (9). The sequence of the 54 nucleotide insertion 
in the murine ER-ß transcript is identical to that published for 
the rat except for a T-»C change at nucleotide position 36 ( 1 = 
start of the 54 nucleotide insert), which would result in a 
Met-»Thr substitution in the mouse protein. 

Because the initial screening of human tissues using the exon 
4/7 primer set failed to reveal an analogous human ER-ß tran- 
script containing an insertion between exons 5 and 6, reanalysis 
of human and mouse tissues was undertaken using primer sets 
located in exons 5 and 6 of either the human or the mouse ER-ß. 
While the inserted ER-ß transcript was easily detected as a 177 
bp PCR product in all murine tissues analyzed, only the expected 
160 bp PCR product corresponding to the human wild-type ER- 
ß mRNA was detected in the normal human tissues (Fig. 5), nor 
was an inserted ER-ß variant detected in 10 human ER-ß RNA 
positive breast tumor samples (6) (data not shown). The data 
shown in Fig. 5 suggest that the inserted transcript is predomi- 
nant in both mouse mammary gland and uterus, while similar 
levels of each transcript occur in the mouse ovary. Measure- 
ment of relative expression using such an approach has been 
validated previously (10, 11). 

A possible mechanism associated with the frequent inclu- 
sion of the inserted sequences in mouse ER-ß transcripts may 
be the presence of several putative exonic splicing enhancer se- 
quences within the insertion sequences (12, 13). Both purine 
rich motifs and A/C-rich splicing enhancer sequences are present 
(brackets in Fig. 4). The frequent inclusion of the inserted se- 
quences in mouse ER-ß transcripts, and its presence in several 
tissues at comparable levels to the wild-type transcript suggest 
that the protein encoded by the inserted transcript has a func- 
tional role, at least, in the mouse and rat (9). The putative func- 
tion of a protein encoded by the inserted mouse ER-ß transcript 
is unknown, however, since the insertion is in the middle of the 
ligand binding domain, it may either disrupt binding completely 
or result in a different ligand binding specificity and/or affinity. 
Further, the insertion may effect the three dimensional structure 

Breast    Ovary    Uterus 

12    3     4    5     6 

WT    _. 
(519 bp) ' 

c 

3 

D6 
(385 bp) 

D5 
(380 bp) 

> 

u 
3 
O 

D5/6 
(246 bp) 

54 bp Ins 
(891 bp) . 

WT 
(837 bp) 

D6 
(703 bp) 

D5 
(698 bp) 

> 

D5/6 
(564 bp) 

FIG. 3. Detection of wild-type ER-ß and ER-ß variant 
mRNAs in normal human and murine tissues. Total RNA ex- 
tracted from normal human (top panel) or mouse (bottom panel) 
breast tissues (1-2), ovaries (3-4) and uteri (5-6) was reverse 
transcribed and PCR amplification was performed using prim- 
ers located in exons 4 and 7 (human) or in exons 4 and 8 (mouse). 
PCR products obtained in human tissues migrated at the sizes 
of 519 bp, 385 bp, 380 bp and 246 bp corresponding to ER-ß 
wild-type (WT), exon 6-deleted (D6), exon 5-deleted (D5) and 
exon 5-6-deleted (D5/6) cDNAs, respectively. PCR products ob- 
tained in mouse tissues and migrating at the sizes of 891 bp, 837 
bp, 703 bp, 698 bp, and 564 bp were identified as corresponding 
to a 54 bp inserted ER-ß variant (54 bp Ins), ER-ß wild-type 
(WT), exon 6-deleted variant (D6), exon 5-deleted variant (D5) 
and exon 5-6-deleted variant (D5/6), respectively. 
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agG TCC TCA GAA GAC CCT CAC TGG CAC GTT GCG CAG ACG AAG AGT GCT GCC CCA AGg 
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54 basepair insertion 

Exon 6 

FIG. 4. 54 bp insertion: nucleotide and amino-acid sequences. The sequence of the inserted 54 bp is indicated in upper case letters. 
Nucleotides corresponding to the published mouse ER-ß cDNA sequence, indicated in lower case letters are numbered according to 
reference 3. Brackets indicate putative exonic splicing enhancer sequences (12,13). Predicted amino acid composition of the insert is 
shown. The underlined amino acid corresponds to the substitution observed between mouse inserted sequence and the recently 
described rat inserted sequence (9). 
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FIG. 5. Amplification of human and murine cDNAs using 
exon 5 and 6 primers. Total RNA extracted from normal human 
(top panel) or mouse (bottom panel) breast tissues (1-2), ovaries 
(3-4) and uteri (5-6) was reverse transcribed and PCR amplifi- 
cation was performed using primers located in exons 5 and 6. 
The PCR product obtained in human tissues migrated at the size 
of 160 bp corresponding to ER-ß wild-type (WT). PCR prod- 
ucts obtained in mouse tissues migrated at the sizes of 177 bp 
and 123 bp, corresponding to a 54 bp inserted ER-ß variant (54 
bp Ins) and ER-ß wild-type (WT), respectively. 

of the E-domain such that alterations in dimerization, 
transctivation and interaction with co-regulators may also oc- 
cur. This could result in the inserted ER-ß having a regulatory 
function on the wild-type ER-ß as previously suggested (9), or 
may completely alter its ability to heterodimerize and effect the 
activity of ER-oc (14). The lack of detection of a similar inserted 
ER-ß transcript in human tissues may be due to hormonal dif- 
ferences at the time of tissue collection between the mouse and 
human subjects, or to a real species difference in alternative splic- 
ing. In the latter case, differences in alternative splicing between 
mouse and human with regard to a steroid hormone receptor 
have been previously documented (15, 16). Similarly inserted 
sequences within the ligand binding domain of ER-a have also 
been reported (17). In contrast to the inserted ER-ß mRNA, the 
inserted ER-a mRNA was detected in one human breast tumor 
sample, and was due to a point mutation in one allele of the 
human ER-a gene present in the breast tumor (18). 

In summary, splice variants of ER-ß mRNA have been char- 
acterized in several mouse and human tissues. Although splice 
variants of ER-ß occur in both normal and neoplastic tissues, a 
species specific difference in the expression of an inserted splice 
variant was detected. 
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FIGURE 1. Murphy 

Set 1 Set 2 

I—I    I—I 
Set 3 

N 

ER beta 

ER alpha 

ER beta 

N N 

259 bp 

148 bp 

259 bp 

ER alpha 148 bp 

FIG. 1: Matched human breast normal/tumor samples analyzed for ER-alpha/ER-beta 
mRNA expression by multiplex PCR. RNA obtained from three matched human breast normal 
and tumor samples were analyzed for the relative expression of ER-alpha and ER-beta. A. The 
three matched samples analyzed using PCR primers for ER-beta. B. The same three matched 
samples analyzed using PCR primers for ER-alpha. C. The same three matched normal/tumor 
samples analyzed using PCR primers for both ER-alpha and ER-beta in a multiplex PCR. 
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T5 T5-PRF 

Figure 3 Progesterone receptor levels. PR levels were determined by whole cell 
binding- as described in "Methods". PR levels are expressed as fmol PR/106 cells and 
results represent mean +/- SEM, n=3. * p < .001, **p<0.05 student's t-test. 
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Figure 4 Transient transfection of d3/4 expresson vector into T5 cells. 

Cells were grown in PRF-DMEM as described in Methods and transfected with 5\ig ERE- 
tk-CAT expression vector, 5[xg pCHHO (ß-gal expression vector) along with the 
appropriate amount of d3/4 ER expression vector. Cells were treated with vehicle or 
lOnM estradiol for 24 h, harvested and CAT assays performed as described in Methods. 
Results represent mean + sem, n=2-5. *, P< 0.05, Wilcoxon's Rank Sum Test (compared to 
T5 basal). 
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Figure 5 Activity of d3/4 in ER negative cells. A. MDA-MB-231 cells were transfected with 
5 jxg EREtkCAT, 1 jig pCHllO, 0.5 pmol HEGO +/- 0.5-2 pmol d3/4 +/- vector to a total of 
30jig DNA/dish. Cells were treated with lOnM estrogen for 24 h or vehicle alone as control. 
Results are expressed as fold CAT activity compared to basal HEGO activity arbitrarily set 
as 1.0. Histograms represent mean +/- sem, n=5-7. *p<0.05 Wilcoxon's Rank Sum. B. 
MCF10A1 cells were transfected similarily. Histograms represent mean + sem, n=3. 
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Legend to Figure 6: 

Whole cell lysates from Cos-1 cells transfected with a clone 4 expression vector 
(c+) or vector alone (c-), and from MCF 7 cells transfected with a clone 4 
expression vector (m+) or vector alone (m-), were analyzed by Western blotting. 
A similar approximately 24 kDa protein (arrow) was detected in clone 4 
transfected cells only and not vector alone transfected cells, when either an N- 
terminal specific ER-a antibody (1D5) or an antibody raised to a synthetic 
peptide to the novel clone 4 amino acid sequences (clone 4 Ab) was used. 
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ABSTRACT. Previously we had shown that the relative expression of a clone 

4 truncated estrogen receptor-a variant mRNA was significantly increased in 

primary breast tumors which had concurrent lymph node metastases compared 

to primary breast without lymph node metastases. In this study we have 

measured and compared the relative expression of a clone 4 truncated, an 

exon 5 deleted and an exon 7 deleted estrogen receptor-a variant mRNA in 15 

primary breast tumor samples and their matched concurrent lymph node 

metastases. There were no differences between the primary and the matched 

secondary tumors in the relative expression of these three variants mRNA. 

Furthermore, the pattern of all deleted estrogen receptor-a variant mRNA 

appeared conserved between the primary and the matched secondary tumors. 

INTRODUCTION. 

Multiple estrogen receptor-a (ER) mRNA species have been identified in 

human breast cancer samples (1, 2). The significance of these variant 

transcripts remains unclear. While the ability to detect variant ER proteins 

encoded by such variant transcripts remains controversial (3-5), alteration of 

expression of some variant ER mRNAs was found to occur during both breast 

tumorigenesis (6, 7) and breast cancer progression. With regard to the latter, we 

have shown previously that the expression of the truncated, clone 4 variant ER 

mRNA (8) relative to wild type ER mRNA was significantly increased in a group 

of primary breast tumors with poor prognostic features compared to a group of 

primary breast tumors with good prognostic features (9). "Poor" prognostic 

features included the presence of lymph node metastases at the time of 

surgery, large tumor size, lack of progesterone receptor (PR) expression and 

high proliferative index, while "good" prognostic features were lack of nodal 

involvement, small tumor size, PR positivity and low proliferative index. This 

suggested that altered ER variant expression may be a marker of a more 
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aggressive phenotype. We have investigated this possibility further by 

comparing the over-all pattern of deleted ER variant expression between 

matched primary tumors and their concomitant lymph node metastases, as well 

we have compared the relative level of expression of several individual ER 

variant mRNAs in these matched tumor samples. 

MATERIALS AND METHODS. 

Tumor Selection and RNA Isolation. 

Sections from 15 frozen primary human breast tumor samples and their 

matched frozen lymph node metastases were provided by the Manitoba Breast 

Tumor Bank (Winnipeg, Manitoba, Canada). For the primary tumor samples, the 

ER levels determined by ligand binding assays ranged from 0.8 fmol/mg protein 

to 89 fmol/mg protein with a median value of 17.5 fmol/mg protein. Thirteen 

tumors were ER+ and 2 were ER- ( > 3 fmol/mg protein is ER+ ). PR levels 

determined by ligand binding assays ranged from 2.9 fmol/mg protein to 112 

fmol/mg protein with a median value of 12.6 fmol/mg protein. Nine tumors were 

PR+ and 6 were PR- (> 10 fmol/mg protein is PR+). ER and PR values were 

only available for 4 of the lymph node metastases and the ER and PR status as 

defined by ligand binding was not different to their matched primary tumor. RNA 

was extracted from the sections using Trizol reagent (Gibco/BRL) according to 

the manufacturer's instructions. 

For validation of comparison of triple primer ploymerase chain reaction 

(TP-PCR) and RNase protection assays human breast tumor specimens (25 

cases) were also obtained from the Manitoba Breast Tumor Bank (Winnipeg, 

Manitoba, Canada). Twenty tumors were ER positive, as determined by ligand 

binding assay, with values ranging from 4.5 to 311 fmol/mg protein (median= 

93 fmol/mg). The five remaining cases were ER negative, as determined by 

ligand binding assay, with values ranging from 0 to 1.8 fmol/mg protein 
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(median 0.9 fmol/mg).   Total RNA was extracted from frozen tissues using 

guanidium-thiocyanate as previously described (10). the integrity of the RNA 

was confirmed by denaturing gel electrophoresis as previously described (10). 

RNase Protection Assay. 

Antisense riboprobes spanning the point at which the clone 4 truncated ER 

mRNA sequence diverges from the wild type ER mRNA sequence (8) were 

synthesized as previously described (11). The level of clone 4 truncated ER 

mRNA and WT-ER mRNA in 10 u.g total RNA was determined using an RNase 

Protection Assay kit (RPA II, Ambion) following the manufacturer's instructions. 

Briefly, RNA was denatured at 80°C for 5 min in the presence of 5 x 105 dpm of 

32P-labelled riboprobe, then hybridized at 42°C for 16 hours. Following RNase 

digestion, samples were electrophoresed on 6% acrylamide gels containing 7 

M urea, dried and autoradiographed. 

To quantify C4 and WT-ER mRNAs within breast tumor samples, a 

standard curve was established in each assay. Clone 4 and WT-ER mRNAs (30, 

125, 500 pg clone 4 RNA and 125, 500, 2000 pg WT-ER RNA) synthesized 

using T7 RNA Polymerase were purified on a Sephadex G-50 column and 

quantitated spectrophotometrically. WT-ER RNA was transcribed from 

linearized pHEO, which contains the entire WT-ER coding sequence but is 

missing the 3'-untranslated portion of the ER mRNA (kindly provided by P. 

Chambon, (12)). Full-length C4 RNA was transcribed from linearized pSK-C4 

(8). Standard RNAs were analyzed together in the same assay as the breast 

tumor mRNAs. Bands corresponding to the clone 4 variant ER mRNA and WT- 

ER mRNA protected fragments were excised from the gel and counted after 

addition of 5 ml scintillant (ICN Pharmaceuticals, Inc., Irvine, CA) in a 

scintillation counter (Beckman Instruments, Inc., Fullerton, CA). For each 
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sample, absolute amounts of clone 4 and WT-ER mRNA were determined from 

the standard curve. 

Reverse transcription, PCR and Triple Primer (TP-PCR). 

For each sample, one microgram of total RNA was reverse transcribed in 

a final volume of 15 JLXI as described previously (7). One microliter of the 

reaction mixture was taken for subsequent amplification. 

The primers and PCR conditions for the long range PCR were as 

previously described (13). The primers and PCR conditions for measuring the 

relative expression of exon 5 deleted and exon 7 deleted ER transcripts relative 

to the wild type ER transcripts were as previously described (7). 

The TP-PCR conditions were similar to those previously described (6) 

with some modifications. ERU (5'-TGTGCAATGACTATGCTTCA-3', sense, 

located in WT-ER exon 2; 792-811, as numbered in (12)) and ERL (5'- 

GCTCTTCCTCCTGI I I I IAT-3', antisense, located in wild type ER exon 3; 921- 

940) primers allowed amplification of a 148 bp fragment corresponding to wild 

type ER mRNA. Clone 4 specific primer (C4L, 5'- 

TTTCAGTCTTCAGATACCCCAG-3', antisense; 1315-1336, as numbered in 

reference (8)) was chosen as spanning the only region of the C4 unique 

sequence that does not present any homology with repetitive LINE-1 

sequences (8). ERU and C4L allowed amplification of a 536 bp fragment 

corresponding specifically to clone 4 truncated ER variant mRNA. 

PCR amplifications were performed in a final volume of 10 u.l, in the 

presence of 20 mM Tris-HCI (pH 8.4), 50 mM KCI, 2 mM MgCI2, 0.2 mM dATP, 

0.2 mM dTTP, 0.2 mM dGTP, 0.2 mM dCTP, 4 ng/ul of each primer (ERU, ERL 

and C4L), 1 unit of Taq DNA polymerase (GIBCO-BRL) and 10 nM of dCTP [a- 

32P] (ICN Pharmaceuticals Inc, Irvine, California). Each PCR consisted of 30 

cycles (1 minute at 94°C, 30 seconds  at 60°C and 1 minute at 72°C) using a 
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Thermocycler (Perkin Elmer). 4 JLXI of the reaction was then denaturated by 

addition of 6 uJ of 80% formamide buffer and boiling before electrophoresis on 

6% polyacrylamide gels containing 7M urea (PAGE). Following electrophoresis, 

the gels were dried and exposed to Kodak XAR Film at -70°C with two 

intensifying screens for 2 hours. 

Quantification of RT-PCR and TP-PCR. 

Bands corresponding to the variant ER mRNA and WT-ER mRNA were 

excised from the gel and counted after addition of 5 ml scintillantin a scintillation 

counter. The variant signal was expressed as a percentage of the wild type ER 

signal. It should be noted that the percentage obtained reflects the relative ratio 

of the variant to wild type ER PCR product and does not provide absolute initial 

mRNA levels. Validation of this approach has been described previously (6, 7, 

14, 15). For each sample in the comparison of RNase Protection Assay with TP- 

PCR assays, at least two independent PCR assays were performed. For 

comparisons of matched primary and secondary breast tumor samples, at least 

two and in most cases three independent PCR reactions were performed and 

the mean determined. 

The statistical significance of differences in the relative levels of 

expression of any single variant   between primary tumor and lymph node 

metastasis was determined using the Wilcoxon signed rank test. 

RESULTS. 

A frequently expressed clone 4 truncated ER variant was previously 

found to be significantly elevated in primary breast tumors with concurrent 

lymph node metastases compared to those without (9). In this study we asked 

the question if ER variant expression was altered between primary breast 

tumors and their matched, concurrent lymph node metastasis. In our previous 

study we used RNase protection analyses to measure wild type and variant ER 
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mRNA expression. However, for practical reasons of small amounts of tissue 

sample available in this current study we have used a previously described TP- 

PCR assay (6) to measure the relative expression of the clone 4 truncated ER 

mRNA. To our knowledge these two assays have never been compared 

previously, so before we proceded to analyze the primary and secondary breast 

tumor samples for clone 4 mRNA expression by TP-PCR, it was necessary to 

compare the RNase protection assay with the TP-PCR assay, to facilitate any 

comparisons of the current results with those previously obtained. 

Total RNA was extracted from frozen tissues from twenty five human 

breast tumors with ER values ranging from 0 to 311 fmol/mg, as determined by 

ligand binding assay. Ten micrograms of each RNA sample were analyzed in a 

standardized RNase protection assay in order to determine the absolute 

amount of C4 and WT-ER mRNAs within each sample. A typical autoradiogram 

of such an assay is shown in Figure 1. The signals corresponding to C4 and 

WT-ER mRNAs were quantified as described in the Materials and Methods 

section. In each assay, known amounts of synthetic WT-ER and C4 mRNAs 

were analyzed in parallel in order to establish a standard curve (Figure 2) 

allowing the determination of absolute levels of C4 and WT-ER mRNAs, 

expressed as pg/10 mg RNA (Table 1). Because of the very low C4 protected 

fragment signal (< 15 dpm) in seven tumors, it was not possible to determine 

confidently the absolute amount of C4 mRNA in these samples (not determined, 

nd). All C4 negative tumors by RNase protection assay were from tumors with 

ER values lower than 10 fmol/mg, as determined by ligand binding assay. For 

the eighteen remaining samples, ER as determined by ligand binding assay 

values ranged from 1.2 to 311 fmol/mg. The absolute amounts of C4 and WT- 

type ER mRNAs were determined by RNase protection assay and varied from 2 

to 83.9 pg/10 mg RNA and from 9 to 3651 pg/10 mg RNA, respectively. For each 
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sample, the C4 mRNA signal was expressed as a percentage of the wild type 

ER mRNA signal (Table 1). 

Clone 4 mRNA relative expression was determined by TP-PCR within the 

same twenty five RNA samples. One microgram of total RNA extracted from 

each breast tumor sample was reverse-transcribed and an aliquot of the cDNA 

amplified by TP-PCR in the presence of dCTP [a-32P] as described in the 

Materials and Methods section. PCR products were separated on 6% 

acrylamide denaturating gels. A typical autoradiogram is shown Figure 3. Both 

clone 4 and wild type ER cDNAs signals were detected in all twenty five tumors 

studied, independent of their ER status as determined by ligand binding assay. 

It should be stressed that an additional band can be observed in most of the 

samples. This band has been identified after subcloning and sequencing to be 

a product of an exon 2 duplicated ER variant mRNA. The intensity of the signal 

obtained from this exon 2 duplicated ER band parallels that of the wild type ER 

band. Clone 4 and wild type ER signals were quantified as described in the 

Materials and Methods section. The signal corresponding to clone 4 was 

expressed as a percentage of the wild type ER signal. Table 1 presents the 

average of a least two independent TP-PCR experiments. Linear regression 

analysis (Figure 4) shows a highly significant correlation between clone 4 

mRNA relative expression as determined by RNase protection assay (in the 

eigtheen tumors where a clone 4 signal was detectable) and clone 4 mRNA 

relative expression determined by TP-PCR (r = 0.932, P < 0.0001). This 

correlation between the RNase protection assay and TP-PCR results suggests 

that TP-PCR evaluation of the clone 4 mRNA relative to wild type ER mRNA 

expression is accurate and can be used to compare breast tissue samples. The 

co-amplification of the exon 2 duplicated ER variant mRNA using TP-PCR does 
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not seem to interfere with the relationship between TP-PCR and RNase 

protection assay. 

Using the above TP-PCR assay, the median relative expression of the 

truncated cloned 4 ER for the primary tumors was 3.5 % (rangel .6 -10.5%) and 

the median value for the matched lymph node metastases was 3.1 % (range 1.0 

- 19.4%). The scatter plot of these results is shown on Figure 5A. Using a 

Wilcoxon rank sum analysis, there is no statistically significant difference in the 

relative expression of clone 4 ER variant expression between primary breast 

tumors and their concurrent lymph node metastases. 

Multiple ER variant mRNAs have been shown to be expressed in any one 

breast tissue sample (1, 7). In particular exon deleted ER variant mRNAs are 

frequently detected in breast tumors as well as other tissues (16). Therefore, to 

more fully investigate the pattern of ER variant expression between primary 

breast tumors and their matched lymph node metastases the relative levels of 

the exon 5 and exon 7 deleted ER variants were compared in the same 15 

samples of primary human breast tumors and their matched lymph node 

metastases. The median relative expression of the exon 5 deleted ER for the 

primary tumors was 23.1 % (rangel 7.3% - 94.3%) and the median value for the 

matched lymph node metastases was 31.3 % (range 14.9 % - 200%). The 

scatter plot for these results is shown in Figure 5B, and the difference is not 

statistically significant. The median relative expression of the exon 7 deleted ER 

for primary tumors was 65% (range 39.3% - 184.9%) and the median value for 

the matched lymph node metastases was 52.5% (range 35.5% - 126%). The 

scatter plot of these results is shown in Figure 5C and the difference is not 

statistically significant. Further using a longe range RT-PCR approach which 

allows the evaluation of the relative pattern of expression of all exon deleted ER 

variant transcripts present in any individual sample (13) we observed no 
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consistent change in the pattern of variant expression between any of the 

primary tumors or their matched lymph node metastases. 

DISCUSSION. 

To our knowledge this study is the first that addresses the question of the 

comparison of an already established quantitative approach such as the RNase 

protection assay with an RT-PCR based approach in the study of ER variant 

mRNA expression. All of the studies published so far have either been done by 

RNase protection assay alone or by RT-PCR alone. Considering the potential 

clinical relevance of the measurement of the relative level of ER variants with 

respect to wild type ER within human breast tissue samples and the sensitivity 

of an RT-PCR based approach, such a comparative study was deemed 

necessary. Furthermore, our data provide validation for comparing previous 

data obtained using a non-amplification dependent RNase protection assay 

with the current data obtained using an amplification dependent TP-PCR assay. 

The lack of sensitivity of the RNase protection assay for a subset of 

tumors with very low (<10 fmol/mg) ER values by ligand-binding assay is an 

important limiting factor. It effectively means that in a screening study, ER 

negative tumors (<3 fmol/mg protein) as well as ER positive tumors with ER 

values lower than 10 fmol/mg, as measured by ligand binding assay, cannot be 

reliably assessed for clone 4 ER variant mRNA expression by RNase protection 

assay. This together with the relatively large amount of RNA needed to perform 

an RNase protection analysis severely limits the usefulness of a standardized 

RNase protection assay in such screening studies. Our studies show that an 

already described TP-PCR technique is a more practical alternative to the 

RNase protection assay, especially when tissue sample size and therefore 

amount of extracted RNA is limiting. The low amount of starting material 

needed, together with the higher sensitivity observed (samples clone 4 ER 
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variant negative by RNase protection assay had detectable levels of clone 4 ER 

variant and wild type ER mRNA by TP-PCR) make TP-PCR an attractive 

alternative to the RNase protection assay in studies where such factors are 

limiting. It should be underlined that this TP-PCR approach can be adapted to 

all models where the relative quantification of two RNAs sharing one common 

sequence (initiated from different promoters, for example) is of importance. 

It should be noted that because of the design of the riboprobe (covering 

wild type ER exon 2 sequence and clone 4 ER variant specific sequence) used 

in this and our previous study (9), the protected fragment from the exon 2 

duplicated RNA would be included in the wild type ER signal using the RNase 

protection assay. In addition because the upstream primer in the TP-PCR is 

situated in exon 2, amplification of the exon 2 duplicated ER results in both wild 

type ER and exon 2 duplicated sized products. Similarly, because several exon 

deleted ER variants have been observed in human breast tissues (1), one 

should note that whether RNase protection assay or TP-PCR is used, the signal 

attributed to wild type ER mRNA corresponds to a signal representing all ER-like 

mRNA containing the exon 2 and exon 3 sequences. The values obtained using 

both techniques are therefore representative of the balance existing between 

clone 4 ER variant mRNA and ER-like mRNAs, including wild type ER but also 

exon7-deleted, exon 5-deleted, exon 4-7-deleted etc. mRNAs. Interestingly, 

correlation between relative measurements of the mRNA levels of wild type ER 

and clone 4 ER variant using RNase protection assay and TP-PCR are in better 

agreement with each other than is the measurement of wild type ER by RNase 

protection assay compared with the ligand-binding assay (Table 1). This may in 

part be due to tumor heterogeneity, i.e. the portion of the tumor used in the 

ligand-binding assay may have had a much different cellular composition 

(normal and neoplastic epithelial cells, normal stroma, myoepithelial cells) than 
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the portion used for RNA extraction. Another possible explanation is that the 

ligand-binding assay is in fact a measurement of an ER protein which contains 

a functional ligand-binding domain, and some tumors might be expressing 

higher levels of variant ERs which are lacking a hormone-binding domain. This 

hypothesis is supported by a recent study in which a subset of human breast 

tumors was identified which presented stronger signals using an antibody 

recognizing an N-terminal epitope of the ER than with an antibody recognizing 

a C-terminal epitope (3). These tumors were shown to express relatively higher 

levels of variant ER mRNAs, including clone 4 variant ER mRNA, which if 

translated would be missing the ligand-binding domain of the ER and would not 

be detected in a ligand-binding assay. 

The data presented in this report provide evidence that both the pattern 

of ER variant expression and the relative level of expression of three individual 

ER variants are conserved in primary breast tumors and their matched, 

concurrent lymph node metastases. These findings are not inconsistent with our 

previously published data in which the relative expression of at least one ER 

variant was significiantly increased in primary tumors with poor prognostic 

characteristics, which included having concurrent lymph node metastases, as 

compared to primary tumors without concurrent lymph node metastases (9). The 

primary tumors in our current study by definition fall into the previously 

described poor prognostic group since they are all primary breast tumors with 

concurrent lymph node metastases. Further, the observations presented in this 

manuscript are consistent with previous observations that little change of ER 

status is found between primary human breast tumors and their concurrent 

lymph node metastases (17, 18). Since altered expression of several ER 

variants has been shown to occur in primary breast tumors compared to normal 

human breast tissues (6, 7), as well as between good versus poor prognosis 
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primary breast tumors, the current data suggest that alterations of ER variant 

expression and any role it has in altered estrogen signal transduction must 

occur before the acquisition of the ability to metatasize to other tissue sites. 

Furthermore, previous data support the concept of an early involvement of 

perturbations of estrogen signal transduction and the development of hormone 

independence in breast tumorigenesis (19, 20). While the exact role of ER 

variants in ER signal transduction is unclear, previous data together with the 

current data would be consistent with a role in the early events of tumorigenesis 

and breast cancer progression. 
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LEGENDS  TO   FIGURES. 

Figure 1: Quantification of C4 and WT-ER mRNAs by RNase protection assay 

Ten micrograms of RNA extracted from twenty five breast tumor samples were 

analyzed as described in the Materials and Methods section. In each 

experiment, a synthetic RNA preparation (S1: 30 pg clone 4 mRNA, 125 pg wild 

type ER mRNA; S2: 125 pg clone 4 mRNA, 500 pg wild type ER mRNA; S3: 500 

pg clone 4 mRNA, 2000 pg wild type ER mRNA) was analyzed in parallel to 

establish a standard curve. The bands migrating at 257 bases and 302 bases 

correspond to wild type ER and clone 4 mRNAs, respectively. Signals were 

counted and absolute amounts of clone 4 and wild type ER mRNA determined 

as indicated in the Materials and Methods section. The film presented was 

overexposed to allow the visualization of the clone 4 protected fragment in most 

of the samples. 

Figure 2: Standard curve allowing the subsequent quantification of clone 4 and 

wild type ER mRNA and their relative expression within breast tumor samples 

by RNase protection assay 

Signals corresponding to clone 4 and wild type ER mRNAs standard dilutions 

(S1, S2 and S3, Figure 2) were measured and a standard curve established. 

Signals measured for each sample were compared to this curve generated for 

each assay, in order to quantify clone 4 and wild type ER mRNAs in each tumor. 

Results are expressed as pg/10 mg of total RNA. 

Figure 3: Determination of clone 4 mRNA relative expression by TP-PCR 

For each tumor, 1 mg of RNA was reverse-transcribed before performing TP- 

PCR in the presence of dCTP [cc-32P] as described in the Materials and Methods 

section. PCR products were separated by PAGE and corresponding signals 
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quantified as described in the Materials and Methods. The bands migrating at 

148 bp and 536 bp correspond to wild type ER and clone 4 cDNAs, 

respectively. M: molecular size marker (Fx174, Gibco BRL, Grand Island, NY). 

Figure 4: Linear regression analysis of clone 4 expression (expressed as a 

percentage of the corresponding WT-ER expression) as determined by TP-PCR 

versus standardized RNase protection assay in eighteen human breast tumors. 

Figure 5: 

A. Quantitative comparison of the relative expression of clone 4 variant ER 

mRNA in primary (1°) human breast tumors ( ) and their concurrent matched 

lymph node metastases (2°, ). For each sample the mean of three independent 

measures of clone 4 relative expression expressed as a percentage of the 

corresponding wild type ER signal was determined as described in the 

Materials and Methods section. 

B. Quantitative comparison of the relative expression of exon 5 deleted variant 

ER mRNA in primary (1°) human breast tumors () and their concurrent matched 

lymph node metastases (2°, ). For each sample the mean of three independent 

measures of exon 5 deleted ER relative expression expressed as a percentage 

of the corresponding wild type ER signal was determined as described in the 

Materials and Methods section. 

C. Quantitative comparison of the relative expression of exon 7 deleted variant 

ER mRNA in primary (1°) human breast tumors () and their concurrent matched 

lymph node metastases (2°, ). For each sample the mean of three independent 

measures of exon 7 deleted ER relative expression expressed as a percentage 

of the corresponding wild type ER signal was determined as described in the 

Materials and Methods section. 
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Table  legends 

Table 1: C4 and WT-ER mRNA expression in twenty five human breast tumors, 

as determined by RNase protection assay and TP-PCR 
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ENDOCRINOLOGY (PRECLINICAL AND CLINICAL)/SIGNAL TRANSDUCTION 4 

Breast tumor cells had marginally detectable transcripts, benign breast cells had 
transcripts if detectable initiating from PEN primarily and PEI.3. In both treatment 
with dexamethasone (D), phorbol ester (PDA) and cAMP increased transcripts 
substantially: by D using PEI.4, PCA-cAMP using PEN, and D i-PCA t-cAMP 
using PEI.4 and PEII. PEI.t/PEI.2/PEI.2a use was not detectable in any breast 
samples. Therefore, in breast myofibroblasts both glucocorticoid receptor and 
intracellular signalling molecule (cAMP and PDA) activation of protein kinase 
mechanisms are implicated in transcriptional regulation of aromatase (Supported 
by NCI ROt CA65622) 

#1984 Loss of melatonin is not a significant contributor to MCF-7 and 
BG-1 cell proliferation. Baldwin, W.S., Risinger, J.I., and Barrett, J.C. National 
Institute of Environmental Health Sciences, RTP, NC 27709 

Epidemiological evidence suggests that electromagnetic fields (EMF) induce a 
variety of cancers, including breast cancer. It has been postulated that EMF 
induces breast cancer due to the inhibitory effects EMF has upon melatonin 
production. Melatonin may act through several proposed mechanisms to inhibit 
breast and other cancers. We examined two of these mechanisms in vitro Does 
melatonin protect cells from oxygen radicals and does it attenuate estrogen 
induced cell growth? Melatonin protected MCF-7 cells from H202-induced death 
at 10 jiM concentrations, but not at physiological concentrations. Next we 
examined melatonin's effects upon estradiol-induced proliferation in MCF-7 and 
BG-1 cells. Melatonin attenuated proliferation during basal growth but not fol- 
lowing estradiol exposure. This work was also repeated with estrogen starved 
cells to mimic in vivo conditions with no difference in results. Further work 
demonstrated that melatonin could not inhibit estradiol-induced G1 to S phase 
cell cycle transition, nor could it inhibit estradiol-induced PS2 mRNA levels Both 
proliferation studies and the use of biornarkers demonstrated that melatonin does 
not inhibit estradiol-induced proliferation, suggesting that EMF-induced loss of 
melatonin is not important in the etiology of breast cancer. However melatonin 
nomeostasis may have other effects upon estradiol production that were not 
addressed in this study. 

i 

#1985 Progestins do not stimulate mammary gland proliferation in a 
postmenopausal animal model. Raafat, A., Li, S., and Haslam, S.Z. Physioloqy 
Dept., Michigan State University, £ Lansing, Ml 48824 

Estrogen (E) plus progestin (P) are believed to cause maximal stimulation of 
mammary cell proliferation in the rodent and human mammary glands While 
combined hormone replacement therapy (CHRT) with E+P is commonly pre- 
scribed for postmenopausal women, its effects on mammary gland proliferation 
and potential impact on breast cancer risk are poorly defined. The purpose of the 
present study was to determine the effect of E+P on mammary cell proliferation 
in a postmenopausal mouse model. We found that in postmenopausal mice the 
stimulatory effect of E+P was the same as E alone. In contrast, E+P increased 
cell proliferation significantly more than E alone only in non-menopausal controls 
These differences were also reflected in changes in mammary gland morphology 
with ductal sidebranching observed only in E+P-treated non-menopausal con- 
trols. Analysis of E regulation of mammary PR revealed that PR levels could be 
increased only in the non-menopausal controls. The lack of mammary PR regu- 
lation by E in postmenopausal mice was tissue specific since E increased uterine 
PR to the same extent in both postmenopausal and control mice. Thus low PR 
levels and absence of PR regulation by E likely explain the lack of increased 
mammary proliferation upon E+P treatment in postmenopausal mice  These 
results suggest that the addition of P in CHRT may not increase mammary 
proliferation or impact on breast cancer risk over that observed with E alone 
Supported by NIH grant R01AG 13059. 

#1986   Role of estrogen receptor in enhanced estrogen-induced mam- 
mary gland proliferation in a postmenopausal animal model. Raafat A   Li S 
Bennett. J.. and Haslam, S.Z. Physiology Dept, Michigan State University' E 
Lansing, Ml 48824 

Conflicting epidemiological evidence on postmenopausal hormone replace- 
ment therapy (HRT) and increased breast cancer risk indicates that a direct 
analysis of HRT on mammary tissue is needed. Using ovariectomy-induced 
menopause in mice as a model, we have found that estrogen (E) caused 2-fold 
increased proliferation in mammary tissue over non-menopausal controls The 
present studies were undertaken to determine if the enhanced response is due to 
increased E efficacy or potency. Dose response studies showed that increased E 
efficacy is the basis for the enhanced proliferation. To define the role of estrogen 
receptors (ER), ER concentration and cellular distribution were analyzed immu- 
nohistochemically. While there was no difference in the number of ER positive 
epithelial cells, there were 25% more ER positive stromal cells in postmenopausal 
glands. Furthermore, there was a significant (26%) reduction in E-induced ER 
down regulation in the epithelium of postmenopausal glands. Thus the higher ER 
content in stromal cells together with the greater persistence of ER in epithelial 
cells most likely contribute to the increased proliferation. These results suggest 
that in the postmenopausal gland, increased ER content and altered regulation 
could result .n a significant proliferative response to HRT and possible increased 
breast cancer risk. Supported by NIH Grant ROIAG13059 

#1987   Activation of 17/J-estradiol and estrone by dimethyldioxirane and 
the transcriptional effects on DNAs with known base content and sequence 
Yu. F.. Bender, W., Weber. R., Ayyagari. S.. Suchobrus. H.. Hagshenas. L   Mallia' 
A., and Mallia, P. University of Illinois Coll. of Med.. Rockford. IL 61107 

Estrogens, used widely from hormone replacement therapy to cancer treat 
ment, are themselves carcinogenic, causing uterine, liver and breast cancers The 
mechanism is not understood. We found that estrone(EI) 17«-estradiol(E21 
diethylstilbestrol(DES) and tamoxifenfTAM) can be activated by the epoxide 
forming oxidant, dimethyldioxirane(DMDO) and to inhibit rat liver nuclear and 
nucleolar RNA synthesis in vitro. A hypothesis is proposed suggesting epoxida- 
tion of estrogens is the underlying mechanism of carcinogenesis (Carcinogenesis 
17, 1957-1961,1996). This reports the transcriptional effects of the DMDO acti- 
vated E1, E2, DES and TAM on poly[d(l-Q], poly[d(A-T)], polydG-polydC and 
polydC. The results show that there are differences in the degrees and specific- 
ities of inhibition. E1 and E2 show similar inhibition toward poly[d(l-Q] poly[d(A- 
T)J, polydG-polydC and has little effect on polydC. DES has a very strong inhibi- 
tion on polydC. TAM is only able to produce significant inhibition on 
polydG-polydC template. (Summer high school research fellows R.W S A H S 
L.H., A.M., P.M.; supported by NCI CA-70466).   

#1988 Mechanisms of hormone-independence in human breast cancer 
cells. Courts, A.S., Leygue, E., and Murphy, L.C. University of Manitoba Woo 
MB, Canada R3C 2E3 '    Hy' 

The evolution of breast cancer into an estrogen-independent growth phenotype 
marks the beginning of a more aggressive phase of the disease and is a major 
problem in the efficacy of endocrine therapies. In some cases, hormone-inde- 
pendence and resistance can occur due to loss of estrogen receptor (ER) ex- 
pression, but at least 50% of tumors which have developed resistance to endo- 
crine therapy remain receptor positive. T-47D5 human breast cancer cells are 
ER+ and estrogen treatment in culture results in increased proliferation of 
these cells. An estrogen-nonresponsive cell line (T5-PRF) was developed from 
T-47D5 cells, by chronically depleting the cells of estrogen in long-term culture 
These cells are insensitive to the growth-stimulatory effects of estrogen while still 
retaining expression of the ER. Transient transfection studies have been per- 
formed using an estrogen-responsive reporter gene system. In the absence of 
ligand T5-PRF cells have -4 fold increased basal ER activity compared to the 
parent T-47D5 cells. Long range ER RT-PCR has also been performed to char- 
acterize the pattern of variant ER mRNA expression between the two cell lines 
and differential expression of ER mRNA variants was found. In particular an ER 
variant mRNA, deleted in exons 3 and 4, was detected only in T5-PRF cells' These 
results suggest that defects in the ER structure and function, or activation of ER 
via ligand-independent mechanisms may underly hormone-independence in 
breast tumors. 

#1989 Steroid receptors in breast cancer patients in Kuwait. Luqmani 
Y.A., Temmim, L, Memon, A„ Ali, M.A.A., and Parkar, A.H. Kuwait Cancer Control 
Center [Y.A.L., L.T., A.M., M.A.A.A., A.H.P.], Kuwait University [Y.A LAM] 

Estrogen and progesterone receptors (ER, PR) were measured in cytoplasmic 
and nuclear extracts of breast cancer tissue from 799 patients, by ligand binding 
assay (LBA) or enzyme immunoassay (EIA). Receptor levels were much lower than 
widely reported in the literature. Frequency of positivity, using consensus cut off 
values, was lower than reported by the EORTC Group. Measurements by the two 
methods were statistically correlated, in terms of positivity based on criteria for 
clinical assessment, but concordance was poor, particularly for ER assayed in the 
same samples by the two methods. In cytosolic but not nuclear extracts LBA 
gave higher median values for ER than EIA; for PR they were higher with EIA in 
both cell fractions. Correlation was excellent between receptor levels in cytosolic 
and nuclear extracts for both ER and PR using EIA; significantly better than with 
LBA. There was a correlation between ER and PR in both cytosolic and nuclear 
fractions particularly when analysis was by EIA. ER in the cytosolic fraction also 
correlated with PR in the nuclear fraction and ER in the nuclear fraction with PR 
in the cytosolic fraction, but only with EIA. Disagreement between the methods 
may be legitimately due to presence of receptor isoforms, which may have 
biological significance. Though presence of receptor in the cytosolic fraction is 
artifactual, it's measurement by EIA parallels the level of receptor in the nuclear 
fraction. 

#1990 Involvement of the transcription factor, E2F, in the biphasic re- 
sponse of human breast tumor cells to estradiol. Jain, P.T., and Gewirtz D A 
Departments of Pharmacology/Toxicology and Medicine, Medical College of Vir- 
ginia. Box 230. Richmond, VA 23298 

The transcription factor, E2F, which is regulated by both Rb and p2^a""'-"" 
influences the G1 to S transition via its binding to the promoter regions of genes 
which control DNA synthesis, including c-myc. It is proposed that both the 
stimulation of breast tumor cell growth by physiological concentrations of estra- 
diol (0.1-10 nM) and the inhibition of growth by pharmacological concentrations 
of estradiol (1-100 MM) could involve regulation of c-myc expression through the 
transcription factor. E2F. Using an E2F binding site - luciferase reporter construct 
transiently transfected into MCF-7 breast tumor cells, we assessed the influence 
of estradiol on E2F activity. 100 MM estradiol (which inhibits growth) reduced E2F 
activity by 45% while 10 nM estradiol (which stimulates growth) enhanced E2F 
activity by approximately 50%. In MCF-7 cells transiently transfected with an 
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Expression of Estrogen Receptor Variant 
Messenger RNAs and Determination of Estrogen 
Receptor Status in Human Breast Cancer 

Aihua Huang,* Etienne R. Leygue,1" 
Linda Snell,* Leigh C. Murphy,1" and 
Peter H. Watson* 
From the Departments of Pathology' and Biochemistry and 
Molecular Biology} University of Manitoba, Winnipeg, 
Manitoba, Canada 

Estrogen receptor (ER) status of breast cancer 
can be assessed by immunohistochemical assay 
(IHA), although we have previously observed 
that ER-IHA levels can be inconsistent between 
amino-terminal and carboxyl-terminal-targeted 
antibodies. To address the hypothesis that this 
discrepancy is attributable to expression of ER 
variant mRNAs encoding truncated ER-ttke pro- 
teins, we have studied 39 IHA-consistent and 24 
IHA-inconsistent breast tumors by reverse tran- 
scription polymerase chain reaction to examine 
the expression of multiple exon-deleted (D-ER) 
variant mRNAs and the truncated ER clone 4 
variant mRNA. ER variants D7-ER, D4-ER, D3-4- 
ER, and D4-7-ER were detected at similar fre- 
quencies in both groups. However, ER variants 
D2-3/7-ER, D2-3-4-ER (P < 0.05), and D-3-7-ER 
(P < 0.01), which encode putative short ER-like 
proteins that might be recognized only by an 
amino-temtinal-targeted antibody, were prefer- 
entially detected in inconsistent cases. ER clone 4 
mRNA expression was also higher in inconsis- 
tent tumors (P < 0.001). Further analysis showed 
that, whereas overall prevalence of ER variant 
mRNAs was similar'in both tumor groups, occur- 
rence of the subset of variant mRNAs encoding 
putative truncated proteins was also higher in 
IHA-inconsistent tumors (P < 0.05). These data 
suggest that ER variant mRNAs encoding trun- 
cated ER proteins may contribute to discrepan- 
cies in ER-IHA levels determined using amino- or 
carboxyl-terminal-targeted antibodies. (Am J 

Pat hoi 1997. 150:1827-1 H.i.i) 

Estrogen receptor (ER) determination is an important 
parameter in the clinical management of breast can- 
cer.12 Until recently, ER content was assessed prin- 
cipally by ligand-binding techniques such as dext- 
ran-coated charcoal (DCC) or sucrose gradient 
assays. Now, with the development of several anti- 
bodies able to recognize ER protein, immunohisto- 
chemical assay (IHA) has become an alternative 
approach to determine ER status of breast tumors 
and to predict endocrine response in breast can- 
cer.3-4 The ER-IHA approach has significant advan- 
tages including the potential for parallel assessment 
of tumor cell content and heterogeneity of ER ex- 
pression. However it differs from traditional methods 
in that ER activity is defined by structural rather than 

functional criteria. 
ER-IHA in tissue sections has been successfully 

achieved by several different antibodies, including 
1D5, H222, and AER311, which are able to recog- 
nize different epitopes within particular domains of 
the ER protein (Figure 1).3"5 However, we and others 
have previously observed that the ER-IHA results 
from some tumors are discordant between different 
antibodies that are able to recognize either the NH2 

or the COOH terminals, with a tendency to higher 
signals with NH2-terminal-targeting antibodies.4'5 Al- 
though these differences might relate to different 
antibody affinities, another explanation lies in the 
existence of ER variants. Beside the wild-type ER 
mRNA transcript, several ER variant mRNAs have 
been described in both normal and cancer tis- 
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Figure 1. Schematic presentation of WT-ER protein and the predicted 
proteins encoded by ER variant mRNAs. ER protein contains A to F 
functional domains. Region A/B of the receptor is implicated in trans- 
activatingfunction (TAF1). The DNA-binding domain is located in the 
C region. Region E is implicated in hormone binding and another 
transaclivating function (TAF2). WT-ER readingframe is conserved in 
ER variant mRNAs deleted in exon 4, in exon 3, and in both exons 3 
and 4. Encoded proteins from D4-ER, D3-ER, and D3-4-ER, respec- 
tively, are similar to WT-ER (open box) but miss some internal amino 
acids ( ). Simple deletion of exon 7 or exon Sand multiple deletion 
of exon 4 and exon 7; exons 2, 3. and 7; exons 3 and 7; and exons 2. 
3, and 4 introduce a shiß in the ER-WT reading frame. The resulting 
proteins. D7-ER. D5-ER, D4/7-ER, D2-3/7-ER, D-3-7-ER, andD2-3-4- 
ER, respectively, are therefore similar to WT-ER (open box) but are 
truncated of the C-terminal WT region (black box, indicating amino 
acids different from WT-ER). Clone 4 protein is encoded by an ER 
variant mRjVA containing WT-ER exon 1 and exon 2 juxtaposed with 
line-1-related sequences. Clone 4 protein is similar to WT-ER (open 
box ) but is missing the C terminal. The gray areas represent regionsof 
the protein that are theoretically recognized by IDS orAER311 anti- 
bodies. 

sues.6"14 Most of these variants are suspected to 
result from alternative splicing of WT-ER mRNA and 
consist of exon-deleted and truncated variants6,8 

Figure 1 shows some of the putative proteins en- 
coded by these variants and illustrates that, whereas 
some of these altered proteins may still possess both 
NH2- and COOH-terminal epitopes of the wild-type 
(WT) protein, others will be truncated and lack the 
C00H terminal as a result of an exon deletion that 
introduces a shift in the reading frame. In addition to 
exon-deleted ER mRNA variants, several truncated 
variants have been described, among which the ER 
clone 4 variant is highly prevalent in breast tumors.8 

The sequence of this variant mRNA corresponds to 
WT-ER exon 1 and 2 juxtaposed to line-1-related 
sequences, and in vitro analysis shows that it en- 
codes a putative ER-like protein missing the carbox- 
yl-terminal extremity. 

To address the hypothesis that discrepancies ob- 
served by IHA using 1D5 and AER311 antibodies in 
breast tumors could result from particular ER variant 

expression, we investigated 39 IHA-consistent and 
24 IHA-inconsistent breast tumors for the most prev- 
alent exon-deleted ER variant mRNAs and in parallel 
for the level of ER clone 4 truncated variant mRNA 
expression by two reverse transcriptase polymerase 
chain reaction assays that we have recently devel- 
oped to assess multiple ER variants in breast cancer 
tissues.1516 

Materials and Methods 

Human Breast Tissues and ER Status 
Determination 

The study was carried out on 63 cases of invasive 
ductal and invasive lobular breast carcinomas 
obtained from the NCIC-Manitoba Breast Tumor 
Bank.17 These cases correspond to the ER-positive 
subset of a series of 97 tumors previously studied by 
IHA.5 In all cases, the specimens had been rapidly 
frozen at -70°C as soon as possible after surgical 
removal. Subsequently, a portion of the frozen tissue 
from each case was processed routinely to create 
formalin-fixed, paraffin-embedded tissue blocks that 
were matched and orientated relative to a corre- 
sponding frozen tissue block. Paraffin sections were 
previously analyzed by IHA using 1D5 (Dako, Di- 
mension Labs, Mississauga, Canada) and AER311 
(Neomarkers, Lab. Vision Corp., Fremont, CA) ER 
monoclonal antibodies.5 In each case, immunohisto- 
chemical staining was assessed, without knowledge 
of the ER DCC status or antibody used, by a semi- 
quantitative H score system (range, 0 to 300) for both 
antibodies and in the same regions on adjacent se- 
rial sections. When a difference of H score values 
between the two antibodies was >50, tumors were 
classified as inconsistent. When the difference of H 
score values was <50, the tumors were considered 
as consistent. Overall, the mean ER and progester- 
one receptor (PR) status and the distribution of ER 
and PR levels between the inconsistent and consis- 
tent groups was very similar (see Table 1). Within the 
inconsistent tumor group (24 cases), 8 tumors were 
low ER positive (3 to 10 fmol/mg protein; 33%), 6 
tumors were middle ER positive (11 to 50 fmol/mg 
protein; 25%), and 10 were high ER positive (>50 
fmol/mg protein; 42%). as determined by ligand- 
binding assay. Within the consistent tumor group (39 
cases), 6 cases were low ER positive (15%), 12 
cases were middle ER positive (31%), and 21 were 
high ER positive (54%). 
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Table 1.    Number of rumors !i\pivssin,i> Detectable ER Variant in Consistent and Inconsistent Tumors 

Tumors n     EROCC     PRDCC   D7.ER D4.ER D3.4.ER D4/7-ER  D2-3/7-ER D2-3-4-ER  D-3-7-ER   ER VOF    ER V.IF 

Consistent    39   81(89)    60(75)      35        9 3 
Inconsistent 24   69(86)    55(69)      22        6 2 
P >0.05 >0.05    >0.05 

4 
2 

>0.05 

0 
2 

>0.05 

0 
3 

<0.05 

2 
8 

<0.01 

6 
10 

<0.05 

12 
8 

>0.05 

Analvsis was bv y2 ER VOF out-of-frame exon-deleted ER variant mRNAs excluding D7-ER; ER V.IF. in-frame exon-deleted ER variant 
mRNAs: ERDCC. mean'(SD) ER status measured by DCC assay (fmol/mg protein); PRD5C. mean (SD) PR status measured by DCC assay 

(fmol/mg protein). 

Extraction ofmRNA and Reverse 
Transcription 

For each case, a specific face of a frozen tissue 
block that matched the corresponding face of the 
paraffin block previously studied by IHA was select- 
ed.17 Total RNA was extracted from histologically 
defined regions within 20-/xm cryostat sections of 
frozen tissue using a small-scale RNA extraction pro- 
tocol (Trireagent, MRCI, Cincinnati, OH) as previ- 
ously described.18 Reverse transcription reactions 
were performed in triplicate in a final volume of 15 
/il,13,1s and 1 ix\ of the reaction mixture was taken for 
subsequent PCR amplification in either long-range 
PCR or triple-primer PCR assays described below. 

Analysis of Prevalence of ER Variant mRNAs 

Prevalence of ER variant mRNAs within breast tumor 
samples was assessed by PCR analysis performed 
by a long-range PCR assay as previously de- 
scribed.15 The primers used consisted of 1/8U prim- 
er (5'-TGCCCTACTACCTGGAGAACG-3\ 
sense, located in WT-ER exon 1) and 1/8L primer 
(5'-GCCTCCCCCGTGATGTAA-3\ antisense, lo- 
cated in WT-ER exon 8). This primer set allowed 
amplification of a 1381-bp fragment corresponding 
to WT-ER mRNA and all deleted or inserted ER vari- 
ant mRNAs containing exon 1 and exon 8 se- 
quences. PCR amplifications were performed in a 
final volume of 10 /xl, in the presence of 10 nmol/L 
[a-32P]dCTP (ICN Pharmaceuticals, Irvine, CA), 4 
ng/ptl each primer, and 1 U of Taq DNA polymerase 
(Promega, Madison. Wl). Each PCR consisted of 40 
cycles (1 minute at 60°C, 2 minutes at 72°C, and 1 
minute at 94°C) using a thermal cycler (MJ Research 
PT100, Fisher Scientific, Ottawa, Canada). After 
PCR, 2 ß\ of the reaction was denaturated in 80% 
formamide buffer, and the PCR products were sep- 
arated on 3.5% polyacrylamide gels containing 7 
mol/L urea (PAGE). After electrophoresis, the gels 
were dried and autoradiographed for 18 hours. Iden- 
tities of specific bands were then confirmed by ref- 
erence to size markers, subcloning, and sequenc- 

ing.'3 

Quantification of ER Clone 4 mRNA 
Expression 

Quantification of clone 4 mRNA expression was per- 
formed using a triple-primer PCR assay as previ- 
ously reported.16 Briefly, three primers, E2U (5'- 
AGGGTGGCAGAGAAAGAT-3', sense, located in 
WT-ER exon 2), E3L (5'-TCATCATTCCCACTTCGT- 

3', antisense, located in WT-ER exon 3), and C4L 
(5'-GGCTCTGTTCTGTTCCATT-3', antisense), were 
used during PCR, performed in the presence of 
[a-32P]dCTP. These primers allowed the co-amplifi- 
cation of a 281-bp and a 249-bp fragment corre- 
sponding to WT-ER and clone 4 truncated ER variant 
mRNAs, respectively. PCR products were separated 
by PAGE. After electrophoresis, gels were dried and 
autoradiographed. Autoradiographs were analyzed 
with a video-densitometry system and quantitated 
using MCID M4 software (Imaging Research, St. 
Catherines, Canada). The signal corresponding to 
ER clone 4 was measured relative to expression of 
the corresponding WT-ER and expressed as a per- 
centage relative to a reference standard (an ER- 
positive tumor sample) to reduce any variation due to 
signal intensity in different gels. ER clone 4 expres- 
sion was determined from the mean of three inde- 
pendent RT-PCR assays performed without knowl- 
edge of the IHA status. Means obtained from the 24 
IHA-inconsistent tumor samples were then com- 
pared with those found in the 39 IHA-consistent tu- 
mor samples using the Mann-Whitney rank sum test 

(two sided). 

Results 

Detection of Exon-Deleted ER Variant 
mRNAs within Consistent and Inconsistent 
Tumors 

Prevalence of exon-deleted ER variant mRNAs was 
investigated within 63 breast tumors, previously 
studied by IHA using 1D5 and AER311 antibodies6 

and subsequently classified as IHA consistent (39 
cases) or IHA inconsistent (24 cases) as illustrated in 



1830     Huang et al 
A/I'May l<><>~. I'"/   !*>.  \" 

■nnnnnnn 

Figure 2. Graph to show the difference in II score (IHA-ID5 to IHA- 
311) for each of'6.1 tumors showing the basis for classification into /HA 
consistent (< SO Hscore cliffeience: white bars) and IHA inconsistent 
tumors OSO H score difference: black bars) 

Figure 2. Long-range RT-PCR assay using primers 
annealing with exon 1 (1/8U) and exon 8 (1/8L) se- 
quences first allowed assessment of the most prev- 
alent exon-deleted variant mRNAs in comparison 
with the co-amplified WT-ER mRNA, as described 
previously.15 Several different PCR products were 
observed within the set of tumors studied (Figure 3) 
that have previously been shown to correspond to 
the WT-ER (1381 bp) and ER variant mRNAs deleted 
in exon 7 (D7-ER, 1197 bp), exon 4 (D4-ER, 1045 
bp), both exons 3 and 4 (D3-4-ER, 928 bp), exons 2, 
3, and 7 (D2-3/7-ER, 889 bp), both exons 4 and 7 
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WT-ER 
D7-ER 

D4-ER 
D3-4-ER 
D2-3/7-ER 
D4/7-ER 

D2-3-4-ER 

D3-7-ER 
Figure 3. t'om/ianson "/'exon deleted KK rnriinil ex/nession Ivlireen 
IIIAfuiisisleiit' ' mid IIIA :n< /insistent^" breast Humus. Total A'.V.I 
uns extracted /'loin nnini.-i\ieiii iiiiil consistent Illinois, receive tran- 
scrilvd. and siihset/iientlv am/ili/ied by /'(.'A' its Jest nhed in Materials 
and.Methods /'(.Vfrodin is were.spanned on I'Aid andrisiializedby 
anti-radiofirniiby Itandt nr.^oiiiii^al I.ISI />/>. Il'rhp. Hlnb/t. <>-'* 
/)/>. KS'i lip .s'til />/'. " •'" I'p find sSu />/i irere idciinjicil by isolation 
and sci/ticni. nix as <orr, >/" "'■ ''"',''" W T-I-IK IMA'.Y. I ami rarninl mRXAs 
deleted in exon "i/'"/'A'> eo.u ; U>i IU\ />••//' i-.v<i;;> .' and I 
(t)}--i-l'.N\. exons _'. I on,I "i/)_'-; "-/'A'». Imth exons i and 
tl)l/?-i:Ui. exons .'. ..' and i i/)_■-: //'A'l. and n illnn exon ..' In 
Ultimi exon 'IP .' "/-A''. /.-/«-. luelv M. mole, uhir irele.bl marh-r 
li/i SI "l. t.il'io /.'AY   lo.nid l-.l.md.   Ml 

(D4/7-ER, 861 bp), exons 2, 3, and 4 (D2-3-4-ER, 
737 bp), and within exon 3 to within exon 7 (D-3-7- 
ER, 580 bp), respectively.'5 Results obtained for 
IHA-consistent and IHA-inconsistent tumor sub- 
groups are summarized in Table 1. D7-ER, D4-ER, 
D3-4-ER, and D4/7-ER variant mRNAs were de- 
tected at the same frequency in both subgroups. 
However, D2-3/7-ER, D2-3-4-ER, and D-3-7-ER mR- 
NAs were preferentially detected in IHA-inconsistent 
tumors. This increased prevalence reached statisti- 
cal significance for both D2-3-4-ER and D-3-7-ER 
mRNAs (P < 0.05 and P < 0.01). Given that the 
D7-ER variant was detected uniformly (>90%) in 
both subgroups, we chose to assess the remainder 
of the variant mRNAs that were not uniformly de- 
tected (ie, all variants except D7-ER). These were 
then considered with respect to the putative ER-like 
protein they should encode and classified further 
into two subgroups. In-frame variants (ER V.IF) com- 
prised those with a sequence modification that did 
not introduce a shift in the reading frame and that 
could encode proteins theoretically recognized by 
both 1D5 and AER-311 antibodies (D4-ER and D3- 
4-ER variant mRNAs). Out-of-frame variants (ER 
V.OF=) comprised variants encoding proteins theoret- 
ically only recognized by 1D5 antibody (D4/7-ER, 
D2-3/7-ER, D2-3-4-ER, and D-3-7-ER). ER V.IF were 
detected in 12 (31%) and 8 (33%) IHA-consistent 
and IHA-inconsistent tumors, respectively. At the 
same time, ER V.OF were detected in only 6 (15%) 
IHA-consistent compared with 10 (42%) IHA-incon- 
sistent tumors, respectively (P < 0.05, x2 analysis). 

Quantification of Clone 4 mRNA Expression 

Expression of a prevalent truncated ER mRNA vari- 
ant, the ER-clone 4 variant, which is also suspected 
to encode a truncated ER-like protein, was then an- 
alyzed by triple-primer RT-PCR using three primers 
to allow the co-amplification of WT-ER mRNA to- 
gether with clone 4 variant mRNA, as described 
previously.16 Typical results from IHA-consistent and 
IHA-inconsistent tumors are shown Figure 4. PCR 
products (bands of 281 bp and 249 bp) correspond- 
ing to WT-ER and ER clone 4 mRNAs were observed 
in all tumors. Using the Mann-Whitney rank sum test 
(two sided), the relative expression of clone 4 trun- 
cated variant ER mRNA to WT-ER mRNA was also 
found to be significantly (P < 0.01) higher in IHA- 
inconsistent tumors (median = 80.4%, SD = 18.7%) 
versus IHA-consistent tumors (median = 62.4%, 
SD  - 14.4%; Figure 5) 
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Figure 4. Expression of clone 4 variant ER mRNA in tumors reprasen- 
taticeoflHA-inconsistenlÜanes 1 lc>5) and [HA-consislenl (ianes 6 to 
10} tumor subgroups. RNA extracted from tumors was analyzed by 
triple-primer PCR as described alxiie. Upper and lower arrows show 
wild-type and clone 4 convspondin» signals, ivspectively. 

Discussion 

Using PCR-based approaches that allow the inves- 
tigation of the prevalence of different exon-deleted 
and truncated ER variant mRNAs within breast tumor 
samples, we have investigated ER variant mRNA 
expression within 63 breast tumors that presented 
similar (IHA-consistent) or different (IHA-inconsis- 
tent) results when assessed for ER expression by 
IHA performed with an antibody (1D5) recognizing 
the amino terminal as compared with an antibody 
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(AER311) targeting the carboxy terminal of the ER 
protein. We have found that, whereas variants such 
as D7-ER, D4-ER, D3-4/ER. and D4/7-ER are de- 
tected at the same frequency in IHA-inconsistent 
and IHA-consistent breast tumors, other variants, in- 
cluding D2-3/7-deleted, D2-3-4-ER, and D-3-7-ER, 
are preferentially detected in IHA-inconsistent 
cases. This difference between subgroups was sta- 
tistically significant for two of these variants: exon-2- 
3-4-deleted ER and exon-3-7-deleted ER. Both of 
these two variant mRNAs possess sequence modi- 
fications that introduce a shift in the WT-ER coding 
sequence that would encode ER-like proteins con- 
taining the amino-terminal TAF-1 transactivation do- 
main but missing all the carboxyl-terminal extremity 
of WT-ER protein (Figure 1). These putative variant 
ER proteins would therefore theoretically be recog- 
nized by 1D5 antibody but not AER311 antibody. 
Furthermore, detectable expression of the subset of 
variant mRNAs able to encode truncated ER-like 
proteins (except the uniformly prevalent D7-ER vari- 
ant that was detected in all but 6 tumors of the 63 
studied) was significantly higher in the IHA-inconsis- 
tent tumor group. In contrast, detectable expression 
of variants encoding in-frame proteins that should be 
recognized by both antibodies was no different be- 
tween tumor subgroups. Taken together, these re- 
sults are in keeping with the hypothesis that ER 
variant mRNAs encoding truncated ER proteins may 
participate in the synthesis of ER-like proteins differ- 
entially recognized by 1D5 and AER311 antibodies. 
This assumption is also further supported by the 
results obtained using a quantitative PCR-based ap- 
proach applied to the same tumors, which indicate 
that IHA-inconsistent tumors also possess signifi- 
cantly higher levels of ER clone 4 truncated variant 
relative to WT-ER compared with IHA-consistent tu- 

mors. 
Until the development of antibodies that are spe- 

cific for individual ER variant proteins, the premise 
that proteins encoded by ER variant mRNAs may 
directly interfere with ER immunodetection and de- 
termination of ER status by IHA remains to be 
proven. It is clear from in vitro laboratory studies that 
ER variants can encode proteins that possess a 
variety of dominant negative, positive, or undetect- 
able activities when tested for their ability to interfere 
with transactivation of classical ER enhancer se- 
quences/elements.'' "•'■) Thus, although we and oth- 
ers'1^ have observed a relative increase in amino- 
terminal signal that may correspond to increased 
truncated ER proteins, the functional implications in 
terms of response to endocrine therapy will depend 
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on the nature of the specific ER variant activities in a 
given tumor. 

Although a good correlation between ER-DCC 

and ER-IHA is often found, approximately 20% of 

cases are discordant^ It is believed that the cause of 

this discordance is multifactorial and both ER-DCC- 

positive/IHA-negative   and   ER-DCC-negative/IHA- 

positive cases have been attributed overall to tumor 

heterogeneity, sampling, variable frozen tissue han- 

dling, and formalin fixation.20 However, an explana- 

tion for discordant results is not always apparent in 

specific cases.20 Thus, although recent studies have 

shown that immunodetection using 1D5-IHA can ac- 

curately predict endocrine response of breast can- 

cer,21 the relative predictive value of ER-DCC versus 

ER-IHA is still under debate.20-23 In the light of our 

results, and laboratory evidence to suggest that ER 

variant proteins encoded by ER variant mRNAs may 

participate in endocrine response,6"14 it may be im- 

portant to assess ER variant expression in future 

studies concerning ER-IHA status and response to 
endocrine therapy. 

Interestingly, the two exon-deleted ER variant mR- 

NAs, the expression of which was shown here to be 

correlated to inconsistent results by IHA (le, D2-3- 

4-ER and D-3-7-ER), have not been detected until 

recently.15 However, our previous studies5 indicate 

that expression of these variants may be associated 

with high-grade tumors and high ER level, respec- 

tively.15 Similarly, we have shown that a higher level 

of ER clone 4 mRNA expression correlates with tu- 

mor progression and poor prognosis.16-24 This sug- 

gests not only that these ER variant mRNAs may 

contribute to discrepant IHA results but also that 

alteration of their expression is associated with tumor 
progression. 

In conclusion, we have found a significant corre- 

lation between expression of certain ER variant 

mRNAs and inconsistent IHA results after assess- 

ment and comparison of ER expression with anti- 

bodies directed to either amino- or carboxyl-terminai 

epitopes in human breast cancer. These data add to 

the growing body of evidence that suggests that ER 

variants may be translated in vivo into ER-like pro- 

teins.5-25-6 Finally, these results suggest that ER 

variant expression may be an important parameter to 

consider in the determination of ER status in human 
breast cancer. 
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Oestrogen Receptor Variants and Mutations in Human 
Breast Cancer 

Leigh C. Murphy, Etienne Leygue, Helmut Dotzlaw, Deborah Douglas, Amanda Coutts 
and Peter H. Watson1 

Several oestrogen receptor variant and mutated mRNA species have been identified in 
human breast samples and cell lines. Over-expression and altered expression of some 
of these mRNAs have been correlated with breast tumourigenesis and progression. The 
following review focuses on the current knowledge available in the scientific literature 
with respect to the type and characteristics of oestrogen receptor variants and 
mutations that have been identified as occurring naturally in human breast tissues and 
cell lines. 

Key words: breast cancer; mutations; oestrogen receptor. 

(Annals of Medicine 29: 221-234,1997) 

Introduction 

Oestrogens are major regulators of mammary gland 
development. However, oestrogens are also involved in 
the growth and progression of mammary cancers (1). 
The principal mechanism by which the effects of 
oestrogen are mediated in either normal or neoplastic 
target cells is via an initial interaction with the oestrogen 
receptor (ER). This protein is an intracellular ligand- 
activated transcription factor regulating the expression 
of several gene products, which ultimately result in 
target-tissue-specific oestrogen responses. The ER can 
be divided into several domains, labelled A-F, starting 
from the N-terminus (2, 3). Mutational analyses have 
defined several functional regions within each domain. 
The A/B region contains a cell- and promoter-specific, 
ligand-independent nonacidic transactivating function 
(AF-1), which may have a role in the agonist activity of 
the tamoxifen-like antioestrogens (4-6). The C domain 
contains two zinc finger motifs, which are responsible 
for the specific DNA-binding activity of the protein (2, 3). 
The C domain also contains an apparently constitutive 
dimerization domain (2). The D domain is thought to be 

From the Department of Biochemistry and Molecular Biology 
and 1 Department of Pathology, University of Manitoba, 
Winnipeg, Canada. 

Address and reprint requests: Leigh C. Murphy, PhD, 
Department of Biochemistry and Molecular Biology, Uni- 
versity of Manitoba, 770 Bannatyne Avenue, Winnipeg, MB, 
R3E OW3 Canada. Fax: +1 204 783 0864, E-mail: 
lcmurph@cc.umanitoba.ca. 

a flexible hinge region but also contains a number of 
basic amino acids conserved in all receptors, which 
may have a role in nuclear localization and DNA binding 
(2). The E domain contains the ligand-binding domain, 
a ligand-dependent dimerization activity and a ligand- 
dependent nonacidic transactivating function (AF-2). 
The carboxy terminal F domain was originally thought to 
have no functional significance; however, more recent' 
analyses suggest that it has a specific modulatory 
function on transcriptional responses to oestrogens and 
antioestrogens that is influenced by cell context (7). 
Upon oestrogen binding the receptor undergoes confor- 
mational changes resulting in its 'activation', so that it 
forms stable homodimers that bind tightly to specific 
nucleotide sequences called oestrogen-responsive 
elements, or EREs (2, 3). EREs are usually found in the 
promoter region of those genes the transcription of 
which is regulated by oestrogen. In this way oestrogen 
can alter the transcription of several genes that ultima- 
tely lead to DNA synthesis and proliferation of breast 
cancer cells. 

However, the involvement of oestrogen in mammary 
tumour growth and progression is thought to involve, at 
some stages, perturbations of the ER signal transduc- 
tion pathway, which are likely to contribute to tumour 
progression and the eventual development of hormone 
independence and a more aggressive phenotype 
(8-10). One mechanism underlying such perturbations 
could be alterations in the structure and therefore 
function of the ER itself. This review will focus on struc- 
tural changes in the ER that have been identified as 
occurring naturally in human breast tissues and cell 
lines. 
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Identification and Structure of ER 
Variant and Mutant mRNA Species 

Molecular evidence for the potential existence of variant 
and/or mutant ER proteins has been obtained by 
analysis of ER-like mRNA in normal and neoplastic 
breast tissues. Many different types of ER-like mRNAs 
distinct from the wild-type ER mRNA have now been 
identified in several tissues and cell lines, including both 
normal and neoplastic human breast cells and tissues. 
It should be remembered, however, that few of these 
ER-like transcripts have been cloned and characterized 
from cDNAs representing full-length transcripts. Indeed 
little, if any, attention has been paid to the presence or 
absence of a 3'-untranslated region, a polyadenylation 
signal and a poly A tail. Given these caveats to interpre- 
tation, several different patterns of ER-like mRNA have 
been found or predicted, as described in the following. 

Transcripts Containing Precise Single or Multiple 
Exon Deletions 

Multiple ER-like transcripts have been identified that 
contain precise exon deletions (11-20). Several of the 
exon-deleted transcripts that have been described in 
the literature are shown in Figure 1. The majority of 
these have been identified by reverse transcription- 
polymerase chain reaction (RT-PCR) approaches, 
which by virtue of specific primer design have focused 
on small regions of the known wild-type ER mRNA. 
More recently, however, ER-like transcripts containing 
two or three entire exon deletions have been detected in 
cell lines and tissue samples (16-20) and amongst the 
deletion-type ER variants, this type of variant ER 
transcript appears now to be the most predominant. 
However, the identification of multiple types of exon 
deleted transcripts in any one cell line or tissue sample 
(16-18, 20) underscores the need to study these variant 
ER transcripts altogether, as well as individually. 

Other Deleted Transcripts 

ER-like transcripts containing variable-sized deletions 
that are not entire exon deletions have also been 
detected. This type of alteration falls into two groups: 
one in which a single nucleotide has been deleted (21, 
22), and the other in which several hundreds of contin- 
uous nucleotides have been deleted but starting and 
ending within known exon sequences (Fig. 1, Table 1) 
(16,20,21,23). 

Truncated Transcripts 

These altered ER-like transcripts are significantly smaller 
than the wild-type ER mRNA as determined by Northern 
blot analysis (24). cDNA cloning of apparently full- 
length or near to full-length transcripts was used to 
characterize these transcripts fully. These transcripts 
contain entire exon sequences of at least 2 of the 5' ER 
exon sequences, and then diverge into ER-unrelated 
sequences (25), some of which appear to be LINE-1 
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Figure 1. Schematic diagram of the wild-type human 
oestrogen receptor (WT-ER) cDNA, which contains eight 
different exons coding for a protein divided into structural and 
functional domains (A-F). Region A/B of the receptor is impli- 
cated in transactivating function (AF-1). The DNA-binding 
domain is located in the C region. Region E is implicated in 
hormone binding and another transactivating function (AF-2). 
The numbering on the top of the cDNA refers to the nucleotide 
position as defined in (64). Below the WT-ER cDNA are the 
various putative exon and other large deleted ER cDNAs. ATG 
shows the translation initiation codons, TGA shows the inframe 
translation termination codons and the numbering below the 
cDNA refers to the amino acid positions as defined in (64). D 
indicates deletion, and the estimated molecular mass (kDa = ki- 
loDaltons) of each open reading frame is shown in parenth- 
eses. Molecular masses were estimated using MacVector 
version 4.1.4 software. 
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Table 1. ER variants identified in human breast tissues and cell lines. 

Variant mRNA Estimated M, of 
predicted protein 
(kDa) 

Functional domains Reference 

Wild-type ER 
D2-ER 
D3-ER 
D4-ER 
D5-ER 
D6-ER 
D7-ER 
D2-3-ER 
D3-4-ER 
D4-7-ER 
D2-3-4-ER 
D2-3-7-ER 
D3-4-5-ER 
D5-6-7-ER 
D3/7-ER 
D4/5-ER 
D4/7-ER 
Clone 4-ER 
Clone 24-ER 
Exon 62-ER 
Exon (34)2-ER 
Exon (67)2-ER 
ER-69-bp 

65 
16 
61 
54 
40 
52 
51 
18 
49 
39 
17 
18 
24 
41 
27 
49 
34 
24 
37 
51 
75 
80 
69 

A, B, C, D, E, F 
A, Br 

A, B, D, E, F 
A, B, E?, F 
A, B, C, D 
A, B, C, D 
A, B, C, D 
A, Br 

A, B, E?, F 
A, B 
A, B' 
A, B" 
A, B 
A, B, C 
A, B 
A, B, C?, F 
A, B, C? 
A, B 
A, B 
A, B, C, D 
A, B, C+.D+, E, F 
A, B, C, D, E+,F 
A, B, C, D, E?, F 

(4, 5, 64) 
(11, 16-19) 
(11,14) 
(12, 17-20, 59) 
(13) 
(14) 
(11, 15,20) 
(16,20) 
(16,17,20) 
(18-20) 
(20) 
(20) 
(18) 
(18) 
(20) 
(21) 
(23) 
(25) 
(25) 
(26) 
(26) 
(27, 45) 
(26, 28) 

? Indicates that an alteration of the function has been shown or is likely to occur. 

related (Fig. 2, Table 1). Although several different 
truncated ER mRNAs have been cloned, some of these 
were only found to be expressed in a single breast 
tumour, although others, such as the clone 4-truncated 
ER mRNA, have been found to be expressed in many 
human breast tumours (25). 

Insertions 

ER-like transcripts have been identified containing 
variable-sized nucleotide insertions. Such insertions 
consist of one to two nucleotides (21, 22), larger inser- 
tions of 69 and more nucleotides (21, 26), and 
apparently complete exon duplications (26, 27) (Fig. 2, 
Table 1). These abnormal ER-like transcripts were 
detected using RT-PCR analyses, and further studies 
showed that the exon 6 plus 7-duplicated ER-like 
transcript was generated from a mutated ER gene in 
which genomic rearrangement resulted in the duplica- 
tion of exons 6 and 7 in an in-frame fashion (27). As well 
the 69-bp-inserted ER mRNA is probably generated 
from a point mutation in one allele of the ER gene in the 
breast tumour from which it was cloned. This point 
mutation generates a consensus splice donor site at the 
3' end of the 69-bp sequence present in intron 5. In 
addition, a splice acceptor consensus sequence is 
normally present at the 5' end of the 69-bp sequence, 
and thus the 69 sequences are likely to be seen as 
another exon in the gene (28). 

Point Mutations 

Several point mutations including silent polymorphisms 
have been identified in ER-like transcripts (Table 2) (21, 
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Figure 2. Schematic diagram of the wild-type human 
oestrogen receptor (WT-ER) cDNA, which contains eight 
different exons coding for a protein divided into structural and 
functional domains (A-F), as described in Figure 1. The 
numbering on the top of the cDNA refers to the nucleotide 
position as defined in (64). Below the WT-ER cDNA are the 
clone 4- and clone 24-truncated ER cDNAs, which have been 
cloned previously (25), as well as the putative cDNAs repre- 
senting exon-duplicated and some inserted ER mRNAs (26, 
27). ATG shows the translation initiation codons, TGA shows 
the in-frame translation termination codons and the numbering 
below the cDNA refers to the amino acid positions as defined 
in (64). The estimated molecular mass (kDa=kiloDaltons) of 
each open reading frame is shown in brackets. Molecular 
masses were estimated using MacVector version 4.1.4 
software. 
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Table 2. Small insertions/deletions and point mutations/polymorphisms identified in the oestrogen receptor mRNA. 

Nucleotide change 

262 T-»C 
439 C^G 
493 G->C 
701 C-T 
961 C^T 
TT insert after 981 
1059 C^T 
1119 T->C 
1207 C^G 
1283 G^T 
1290 A^T 
1418 A-G 
1463 G del 
del Tat 1526 
1503-1550 replaced 

by 1380-1422 
1647 G-> A 
1747 C^G 
1963 T-C 
2014 A^G 

Exon Amino acid change 

10 Ser no change 
69 Asn->Lys 
87 Ala no change (B variant) 
+Stop after 156 
243 Arg no change 
Met 250->lle+stop 
276 Gly no change 
296 Leu -> Pro 
325 Pro no change 
352 Asp->Tyr 
353 Glu^Val 
396 Met^Val 
411 Asp->Thr+6 extra novel a.a. 
432 Ser->His+4 extra novel a.a. 
424 lle-*Arg+28 

extra novel a.a. 
472 Lys no change 
505 Ala no change 
577 His no change 
594 Thr no change 

Functional domains 

A, B, C, D, E, F 
A, B?, C, C ,E, F 
A, B, C, D, E, F 
A, B? 
A, B, C, D, E, F 
A, B 
A, B, C, D, E, F 
A, B, C, D: ,E?, F 
A, B, C, D, E, F 
A, B, C, D, E?, F 
A, B, C, D: ,E?, F 
A, B, C, D, E?, F 
A, B, C, D 
A, B, C, D 
A, B, c, D 

A, B, C, D, E, F 
A, B, C, D, E, F 
A, B, C, D, E, F 
A, B, C, D, E, F 

Reference 

(25, 29) 
(29) 
(29-32) 
(36) 
(29) 
(21) 
(22) 
(32) 
(29, 32) 
(34, 35) 
(22) 
(29) 
(21) 
(22) 
(22) 

(22) 
(22) 
(22) 
(29) 

Nucleotides are numbered according to the start site of transcription (+1) in (64). ? Indicates that an alteration of the function has 
been shown or is likely to occur. 

22, 29-35). The only known germline mutation in the 
human ER associated with disease is a point mutation 
(36) identified in a young adult male presenting with 
osteoporosis, unfused epiphyses, continued linear 
growth in adulthood, and oestrogen resistance. Further- 
more, only approximately 1% of primary breast tumours 
have point mutations in the ER gene (22, 29), which in 
some cases might be linked to hereditary breast cancer 

(37). 
The above ER-like mRNA molecules have, in most 

cases, been identified in human breast cancer tissues 
or human breast cancer cell lines. However, data are 
now emerging showing that several of the exon-deleted 
and truncated transcripts are also expressed in multiple 
samples of normal human breast tissue (16-18). This 
suggests that the mechanisms for generating these 
transcripts are present in normal human mammary cells 
and therefore these transcripts are normal variants, 
and probably generated by an alternative splicing 
mechanism (38). It is less likely that the inserted 
transcripts and many of the amino acid altering point 
mutations are normal variants. There is a greater likeli- 
hood that such transcripts were generated from a 
mutated ER allele present in some human breast 
tumours (27, 28). In summary, a large body of molec- 
ular data exists to support at least the potential for the 
existence of variant or abnormal ER-like proteins in 
human breast cancer. 

Expression of Multiple ER Variant 
mRNAs in Human Breast Tissues 

The identification of several ER variant mRNAs in normal 
human breast tissues implies that either the variant 

mRNAs or their respective proteins may have a normal 
role in ER signal transduction. Consequently, changes 
in the balance of ER-like molecules could perturb the 
ER signalling pathway and contribute to tumour 
progression. It has therefore become important to deter- 
mine whether levels and the pattern of ER variant 
expression are different between normal and neoplastic 
breast tissues, as well as amongst groups of tumours 
with different characteristics. 

This has been studied initially by investigating indivi- 
dual variant ER mRNA levels relative to wild-type ER 
mRNA levels. The relative expression of the truncated 
clone 4 ER mRNA (39) and the exon 5-deleted ER 
mRNA, but not the exon 7-deleted ER mRNA (16) were 
found to be significantly elevated in breast tumour 
tissue compared with normal breast tissue. It has also 
been suggested that the level of the exon 3-deleted ER 
mRNA is reduced in breast tumour tissue compared 
with normal tissue (40). Such data suggest that the 
expression of some but not all variant ER mRNAs is 
deregulated during breast tumourigenesis. 

Investigation of the relative expression of the 
truncated clone 4 ER variant in groups of breast 
tumours with different prognostic characteristics (41) 
identified a statistically significant increased expression 
of this transcript in breast tumours with combined 
characteristics of poor prognosis (node positive, large 
tumour size, high S-phase fraction) and lack of 
endocrine sensitivity (progesterone receptor (PR) 
negative). Elevated exon 5-deleted ER transcripts have 
been found in ER-/PR+ and ER-/pS2+ tumours 
(42), while increased levels of the exon 7-deleted ER 
mRNA are often found in ER+/PR- breast tumours 

(15). 
These data suggest that altered expression of some 

ER variants is associated with different phenotypes in 
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human breast tumours and may have a functional role 
in such phenotypes. However, it has become increas- 
ingly apparent that several ER variant mRNAs can be 
detected in any one sample of either normal or 
cancerous breast tissues (16-18). While it is unclear 
whether any or all of these mRNAs are stably translated 
in vivo (see discussion below), many of the predicted 
ER-like proteins are lacking some functional domains 
(4) of the wild-type ER (Figs 1 and 2), and some have 
been shown to exhibit altered functions ex vivo. There- 
fore, the possibility exists that several ER variant 
proteins could be expressed together (16-18) and the 
validity of investigating individual variants in isolation 
can be questioned. Furthermore, previous analyses 
have depended largely on assays that focus on limited 
regions of the transcript, and would be unlikely to detect 
more than one modification per individual variant 
mRNA. However, it is now clear that more than one 
modification can occur in variant transcripts (19). Thus 
signals attributed to the exon 7-deleted ER variant 
mRNA, detected by RT-PCR using primers in exon 5 
and 8 or by RNAse protection assays with probes 
covering the exon 6/8 junction, may also include 
contributions from a variant deleted in both exon 4 and 
7, recently identified by Madsen et al. (19). Neverthe- 
less, these molecules may result in quite different 
proteins that differ in activity and may modulate differen- 
tially the ER signalling pathway. There is thus a need to 
investigate qualitatively and quantitatively the expres- 
sion of total ER variant mRNAs within a single tumour. 
An attempt to address this issue was published recently 
(20). A strategy was developed to allow the investigation 
of known and unknown exon-deleted or inserted ER 
variant mRNAs in any one tissue sample as well as to 
determine possible changes in the relative expression of 
such variants amongst themselves and with respect to 
the wild-type ER transcript. The approach (20) used is 
illustrated in Figure 3; however, owing to practical limita- 
tions it cannot measure all types of ER variants, and 
indeed the truncated transcripts would not be included 
in such an analysis (25, 39). A competitive amplification 
occurs amongst all exon-deleted or inserted ER variant 
transcripts, which depends on their initial relative 
expression, and the detection of bands corresponding 
to specific ER variants reflects the relative expression of 
these ER variant mRNA species within the samples. A 
survey of 100 breast tumours (20), showed that the 
most frequently expressed ER variants at a relatively 
high abundance were the exon 7-deleted variant, the 
exon 4-deleted variant, a variant deleted in both exons 3 
and 4, a variant deleted in exons 2, 3 and 7, a variant 
deleted in both exons 4 and 7, a variant deleted in 
exons 2, 3 and 4, and a variant deleted from within exon 
3 to within exon 7. Neither the exon 5-deleted nor the 
exon 3-deleted ER mRNAs were detected using this 
approach. Interestingly, preferential detection of some 
deleted variants was found to be associated with known 
prognostic markers in breast cancer (20). 

In summary, data exist to support the hypothesis that 
altered expression of variant ER mRNA expression 
occurs during both breast tumourigenesis and breast 
cancer progression. 

Expression of Variant or Mutant ER 
Proteins 

It is unclear at this stage whether all or any of the 
ER-like transcripts so far identified are stably translated 
in vivo. It is certainly possible for many of them to be 
expressed at high levels from expression constructs 
transfected into mammalian, yeast and bacterial host 
cells. Furthermore, in some cases ER variant expression 
under these conditions has identified a putative function 
of the resulting variant protein (11, 13, 15). For example, 
exon 3 and exon 7-deleted variants may act as 
dominant negative regulators (inhibitors) of wild-type ER 
(11, 40) whereas exon 5-deleted ER has ligand-indepen- 
dent transcriptional activity (13, 43) (see discussion 
below). 

More importantly, an ER-like protein consistent with 
that predicted to be encoded by the exon 5-deleted ER 
transcript has been found to be expressed naturally in 
some BT-20 human breast cancer cell lines (44). In 
addition, an immunoreactive 80 kDa ER-like protein has 
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Figure 3. Schematic representation of wild-type oestrogen 
receptor (WT-ER) cDNA and primers allowing coamplification 
of most exon-deleted ER variants. 1/8U and 1/8L primers allow 
amplification of a 1381 bp fragment corresponding to WT-ER 
mRNA. Coamplification of all possible exon-deleted or inserted 
variants that contain exon 1 and 8 sequences can occur (20). 
Amplification of the previously described ER variant mRNAs 
deleted in exon 2 (D2-ER), exon 3 (D3-ER), exon 4 (D4-ER), 
exon 5 (D5-ER), exon 7 (D7-ER), both exons 3 and 4 
(D3-4-ER), exons 2 and 3 (D2-3-ER) and exons 4 and exon 7 
(D4/7-ER) would generate 1190 bp, 1264 bp, 1045 bp, 1242 
bp, 1197 bp, 928 bp, 1073 bp and 861 bp fragments, 
respectively. 
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been identified in an MCF-7 subclone (45). This protein 
corresponds to the predicted protein encoded by an 
ER-like transcript containing an exon 6 and 7 duplica- 
tion, which was cloned from the same cell line (27). 
These data demonstrate the ability of some ER-like 
transcripts to be naturally translated into stable proteins, 
which can be detected by current methods, and 
suggest the likelihood of other ER-like transcripts being 
stably translated in vivo under natural conditions. 

Other studies support the expression of variant or 
mutant ER-like proteins but their relationship to known 
variant or mutant ER mRNA remains unclear. Immuno- 
histochemical staining with a polyclonal antibody was 
used previously to identify two types of apparently 
defective ER in human breast cancers (46); one that 
bound the nucleus in a ligand-independent fashion and 
one that could not bind to the nucleus even in the 
presence of ligand. Several other studies have identified 
ligand-binding forms of the ER that have both altered 
molecular mass (often truncated compared to the wild- 
type ER) and altered isoelectric points (47). The correla- 
tion of some of these ER-like proteins with biological 
parameters suggests that they may play a role in the ER 
signal transduction pathway (48). More recently, 
truncated DNA-binding forms of ER-like proteins have 
been identified in some human breast cancer biopsy 
samples (49). ER antibodies (Fig. 4) recognizing 
epitopes in the A/B and E domains of the wild-type 
receptor were found to detect these truncated ER-like 
proteins. An ER-like protein was identified in some 
ER+/PR- human breast tumours that formed 
complexes with an oligonucleotide containing an ERE in 
gel shift assays (15). The complex was supershifted by 
H226 and H222 antibodies but not by the D75 antibody 
recognizing a more C-terminal epitope (Fig. 4). Steroid 
hormone-induced mammary tumours in Gründer mice 
progress from hormone dependence to hormone 
independence following serial transplantation. This 
progression is associated with decreased expression of 
the 65 kDa ER protein and a marked increase in tamox- 
ifen aziridine-bound, immunopurified 50 and 35 kDa 
proteins (50). 

The relationship of any of these ER-like proteins that 
have been characterized in some human and mouse 

A/B t      C        1 0 E 1 F   1 

+1 K? *>  &  # ^ /  #v <s* ^ 
WT-ER          I" 1 ll    13    1 4 1   5    |   6    |   7    | i        ^ v I 
«5 kDa) 

1 
ATG 

&    ■?     $ #     &     k*     «.* * 
TGA 

^ 

1D5 AER311 

H226 
H222 D75 

Figure 4. Approximate location of the epitopes recognized by 
the various oestrogen receptor antibodies (1D5, H226, H222, 
AER311, D75) referred to in this review. Schematic diagram of 
the wild-type human oestrogen receptor (WT-ER) cDNA, which 
contains eight different exons coding for a protein divided into 
structural and functional domains (A-F). The numbering on the 
top of the cDNA refers to the nucleotide position as defined in 
(64) and the numbering below the cDNA refers to the amino 
acid positions as defined in (64). 

tumour tissues to ER-like proteins that are potentially 
encoded by some of the previously characterized 
ER-like mRNAs is unclear and remains to be elucidated. 
Very few, if any, Western blotting analyses using differ- 
ential antibody detection of ER-like proteins in human 
breast tumours have been reported. One study, where 
ER antibodies recognizing epitopes within the ligand- 
binding domain were used for Western blotting, identi- 
fied larger than wild-type as well as smaller than 
wild-type ER immunoreactive proteins (49, 51). How- 
ever, many of the known variant ER transcripts are likely 
to encode proteins around the size of heavy and light 
immunoglobulin chains. Immunoglobulin contamination 
of human breast tumours and immunoprecipitated 
complexes would probably interfere with Western blot 
analysis of such variant ER proteins (51). 

More recently, a group of human breast tumours were 
analyzed immunohistochemically (52) for ER expression 
by using antibodies that recognize either an N-terminally 
localized epitope in the wild-type ER protein, or a 
C-terminally localized epitope in the wild-type ER 
protein (Fig. 4). It was found that the antibody recog- 
nizing the C-terminally localized epitope correlated 
better with the ligand-binding assays performed on 
adjacent tissues than did the antibody recognizing the 
N-terminally localized epitope. Additionally, although in 
many tumours the immunohistochemical results using 
each antibody showed good concordance, in some 
tumours the results were discordant, with the signal 
tending to be higher with the N-terminal antibody (53). 
Because many of the proteins predicted from variant ER 
mRNAs would be truncated at the C-terminus and 
would not contain the epitope recognized by the 
C-terminal antibody, one interpretation of these data 
would be that truncated variant ER proteins are more 
highly expressed in the discordant group of tumours. 
This hypothesis was tested by investigating the pattern 
and relative expression of variant ER mRNAs in the 
discordant and concordant groups of breast tumours. 
Several ER variant mRNAs that encode putative short 
ER-like proteins that would be recognized only by an 
N-terminal-targeted antibody were preferentially and 
more highly expressed in the discordant breast tumour 
group. These ER variants were: the clone 4-truncated 
ER mRNA; the exon 2, 3 plus 7-deleted ER mRNA; the 
exon 2, 3 plus 4-deleted ER mRNA; and the variant 
deleted within exon 3 to within exon 7 (53). The data 
suggest that the ER variant mRNAs encoding truncated 
ER proteins may contribute to discrepancies in ER 
measured by immunodetection assays using N- or 
C-terminal antibodies. Further, the data are consistent 
with the ability of ER variant mRNAs to be stably trans- 
lated in vivo and therefore have a functional role or roles 
in ER signal transduction. 

Structure and Function In Vitro and In 
Vivo of Putative Variant and Mutant 

ER-like Proteins 

The data summarized in the previous section suggest 
the likelihood of some or all ER-like transcripts, being 
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stably translated In vivo. This provides a rationale for 
discussing the possible structure and function of the 
proteins predicted to be expressed from variant and/or 
mutant ER-like mRNAs. 

1. Exon 7-deleted ER 

Relative to all other deleted ER transcripts the exon 
7-deleted ER variant appears to be the most abundant 
in human breast tissues (20). This transcript was first 
identified in T-47D human breast cancer cells (11) and 
was subsequently found in human breast tumour 
samples (15). The predicted protein encoded by this 
variant ER transcript is approximately 51 kDa (Fig. 1, 
Table 1), and is identical to the wild-type ER protein up 
to amino acid residue 456 and thereafter encodes 10 
novel amino acids. The putative protein encoded by the 
exon 7-deleted transcript would therefore be truncated 
in the E domain, which includes the ligand binding, 
AF-2 and a strong dimerization domain of the wild-type 
receptor. The putative function of the protein encoded 
by the exon 7-deleted transcript is controversial. Wang 
and Miksicek (11) using HeLa cells found that it did not 
bind ERE DNA or have transcriptional activity of its own. 
Moreover, under these conditions the exon 7-deleted 
ER did not affect the activity of the wild-type ER. These 
data contrast with those obtained by Fuqua et al. (15), 
where, using a yeast expression system, the exon 
7-deleted ER protein was found to inhibit wild-type ER 
activity. Furthermore, Fuqua et al. had originally isolated 
the exon 7-deleted ER variant mRNA from an 
ER+/PgR- breast tumour that contained an ER-like 
protein able to bind to DNA containing an ERE as deter- 
mined by gel mobility shift analysis, but that interacted 
differentially with ER antibodies suggestive of an ER-like 
protein with a C-terminal truncation (15). The data of 
Fuqua et al. were consistent with the idea that over- 
expression of an exon 7-deleted ER protein could 
contribute functionally to the ER+/PR- breast tumour 
phenotype. The hypothesis was further supported by 
the observation that exon 7-deleted mRNA levels were 
significantly elevated in a group of human breast 
tumours that were ER+/PgR-/pS2- compared to 
those which were ER+/PgR + . Although exon 7-deleted 
mRNA was found in normal breast tissue, its expression 
was not significantly different in normal versus breast 
tumour tissue, although in the same tissue samples the 
levels of both the exon 5-deleted and the clone 
4-truncated ER mRNAs were significantly higher in 
tumours compared to normal breast tissues (16). This 
latter study, in contrast to studies reported by Fuqua et 
al., did not find any significant relationship between 
exon 7-deleted ER mRNA level and PR status or tumour 
grade (16, 20). 

The reported data suggest that the activity of the exon 
7-deleted ER may vary in a cell-type and promoter- 
specific fashion. This in turn suggests that the 
background milieu may dictate the impact of variant 
ERs. So, although there are a few reports of altered 
exon 7-deleted ER expression, it is one of the most 
abundantly expressed variants in human breast tissues 

and activity of this variant may depend on an altered 
cellular milieu. 

2. Exon 5-deleted ER 

The predicted protein from the exon 5-deleted ER 
mRNA is a truncated protein of approximately 50 kDa as 
a stop codon has been introduced after amino acid 
residue 371 (Fig. 1, Table 1). Its amino acid composition 
would be identical to the wild-type ER up to amino acid 
366 followed by five novel amino acids, and conse- 
quently the majority of the ligand-binding domain of the 
wild-type ER will be missing. 

Using a yeast expression system Fuqua et al. (13) 
showed that the exon 5-deleted ER displayed ligand- 
independent transcription from an ER-regulated reporter 
plasmid. Rea and Parker (54) confirmed this result in 
chicken embryo fibroblasts. However, when an exon 
5-deleted ER expression vector was stably transfected 
into MCF-7 cells, it had no effect on an ERE-tk-luciferase 
reporter plasmid, it slightly increased transcription 
from an ERE2TATA-CAT but not an EREJATA-CAT 
reporter plasmid, and it had no effect on endogenous 
oestrogen-responsive genes such as pS2 and proges- 
terone receptor. Neither did it result in the development 
of oestrogen independence and antioestrogen resist- 
ance in these cells. In contrast, a similar study by Fuqua 
and Wolf (55) showed that over-expression of the exon 
5-deleted ER protein resulted in increased progesterone 
receptor levels in the absence of oestrogen, as well as 
oestrogen-independent growth and tamoxifen resist- 
ance. The reasons for the different results between the 
two groups are unclear, although differences in the 
original parent MCF-7 cells was suggested, in turn 
suggesting that other changes in addition to altered 
exon 5-deleted ER expression are required for hormonal 
progression in human breast cancer cells. This is not 
unreasonable as several mechanisms, either alone or in 
combination, may be responsible for such progression 
(10). For example, it is possible that the alteration of 
growth factors or their cognate receptors, some of 
which have been shown to result in ligand-independent 
activation of the wild-type ER through the N-terminal 
AF-1 domain (56, 57), may also be required in conjunc- 
tion with altered expression of ER variants. Interestingly, 
Klotz et al. (58) identified a correlation between 
increased expression of the exon 5-deleted ER 
transcript relative to the wild-type ER and reduced 
responsiveness to oestrogen in MCF-7 stocks obtained 
from various laboratories in North America. 

Measurement of the exon 5-deleted ER mRNA in 
clinical samples provides further insight into a possible 
role for this ER variant. The exon 5-deleted ER transcript 
was found to be present in normal human mammary 
tissue, but its level relative to the wild-type ER mRNA 
was significantly increased in breast tumour tissues 
(16). The exon 5-deleted ER transcript was first identi- 
fied in a tumour that was ER-/PgR + , a finding 
consistent with the speculation concerning the ligand- 
independent activity of a protein encoded by this 
transcript (13). Using a specific RT-PCR approach, this 
transcript has been found to be more highly expressed, 
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and in some cases more abundant, than the wild-type 
ER mRNA, in ER-/PgR+ breast tumours (13, 42). 
However, when measured within a wide range of 
ER + /PR+ breast tumours, using a long-range RT-PCR 
approach (20), its relative expression with respect to all 
other deleted transcripts is low to undetectable (20, 59). 
Again using a specific RT-PCR analysis, Daffada et al. 
(42) found significantly higher levels of the exon 
5-deleted ER transcript in those human breast tumours 
that were ER-/PgR+ or ER-/pS2 + . However, while 
levels of the exon 5-deleted ER transcript are found to 
vary widely in human breast tumours, no significant 
differences in their levels were found between tamox- 
ifen-resistant and tamoxifen-sensitive tumours (42). 
Furthermore, in a tamoxifen-resistant MCF-7 cell line the 
level of the exon 5-deleted transcripts was lower than 
the sensitive parent line (19) although differential 
expression of other ER variants was found. Presently no 
clear-cut correlation between exon 5-deleted ER expres- 
sion and tamoxifen resistance is evident. However, this 
might be expected because there are multiple variants 
expressed in any one tumour and multiple mechanisms 
are likely to be involved in the development of tamoxifen 
resistance in particular and endocrine therapy resist- 
ance in general (10). 

In conclusion, the putative activity of the protein 
encoded by the exon 5-deleted ER mRNA could contri- 
bute to the development of oestrogen independence 
and endocrine resistance in human breast cancer. 
Certainly correlations between the level of this transcript 
and apparently constitutively elevated oestrogen target 
gene expression would support this hypothesis. 
However, differences between the phenotypes gener- 
ated by stable transfection studies and the lack of corre- 
lation of this transcript with tamoxifen-resistant breast 
tumours suggest that other factors are probably 
involved, either together with or independently of 
elevated exon 5-deleted ER expression. Although the 
naturally occurring exon 5-deleted ER mRNA and its 
putative cognate protein have been the most widely 
studied ER variants to date, we now know that multiple 
ER variants can be found in both normal and neoplastic 
breast tissues (16-18). Furthermore, using assays that 
allow the investigation of the relative expression of 
multiple ER variant mRNAs, it is apparent that the exon 
5-deleted transcript represents one of the lower 
abundance variant transcripts in a wide range of human 
breast tumours, except perhaps in the ER-/PR + 
phenotype. 

3. Exon 4-deleted ER 

The exon 4-deleted ER transcript has been found 
expressed in human breast cancer cell lines (12, 19, 
59), human breast cancer tissue (17, 18, 20) and normal 
human breast (17, 18). This transcript contains an 
in-frame deletion and is predicted to encode a protein of 
approximately 54 kDa (Fig. 1, Table 1) which would be 
missing a strong nuclear localization domain and a 
portion of the E domain of the wild-type ER. When an 
expression   vector  was   made  for  this   variant,   the 

encoded protein did not bind oestradiol or an ERE, and 
had no transcriptional activity of its own nor any 
dominant negative activity against the wild-type ER (61, 
62). Although these studies suggest that an exon 
4-deleted ER is essentially inactive, negative results 
may reflect the promoter and cell types used in these 
studies. More recently, a correlation was found between 
the relatively increased expression of the exon 
4-deleted ER mRNA with high PR expression and low 
grade, suggesting its correlation with some good 
prognostic features in human breast tumours (20). 
However, any functional role that this ER variant might 
have in this correlation is as yet unclear. 

4. Exon 3-deleted ER 

An exon 3-deleted ER transcript was initially identified in 
T-47D human breast cancer cells (11). A deletion of 
exon 3 from the wild-type ER transcript is in frame and 
generates a protein of approximately 61 kDa that lacks 
the second zinc finger of the wild-type ER DNA-binding 
motif. The function of the putative protein encoded by 
this transcript is controversial. When expression vectors 
for this protein were transfected into HeLa cells the exon 
3-deleted protein demonstrated a dominant negative 
activity, inhibiting wild-type ER transcriptional activity, 
without any intrinsic transcriptional activity of its own. 
This variant ER, while unable to bind to an ERE in a gel 
mobility shift assay, inhibited the ability of the wild-type 
ER to bind to an ERE under the same conditions (11, 
14). Preliminary data in which this variant was stably 
over-expressed in MCF-7 human breast cancer cells 
suggest that it has dominant negative activity in this 
model as well. Over-expressing cells were growth- 
inhibited by oestrogen, suggesting that this variant can 
inhibit the mitogenic effect of oestrogen in these cells 
(40). In contrast, in a yeast expression system this 
variant ER does not have transcriptional or dominant 
negative activity (63). 

Again the data available in the literature concerning 
the potential activity of the exon 3-deleted ER suggest 
that variant activity as well as wild-type ER activity can 
depend on the gene promoter used and the cellular 
milieu. Interestingly, reported in abstract form is the 
observation that the level of the exon 3-deleted ER 
transcript is higher in normal mammary epithelia 
compared to breast tumours and tumour cell lines (40). 
This raises the interesting possibility that the expression 
of this variant may decrease with breast tumourigenesis 
and the exon 3-deleted ER may have an important role 
in the control of ER signalling and the control of breast 
epithelial cell growth. In a range of 100 breast tumours, 
using an approach that allowed the investigation of the 
relative expression of multiple ER-deleted mRNAs, the 
exon 3-deleted variant transcript was low to undetect- 
able (20), while another study suggested that the level 
of this variant was similar in all ER+ breast tumours and 
was therefore unlikely to be involved in the evolution of 
the ER+/PgR- breast cancer phenotype in contrast to 
the exon 7-deleted variant (63). However, no compari- 
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son with normal human breast tissue was made in 
either of these two latter studies. 

5. Exon 2-deleted ER 

An ER-like transcript deleted in exon 2 sequences was 
first demonstrated in T-47D human breast cancer cells 
(11). Subsequently, it was identified in MCF-7 cells (19) 
and both normal (16-18) and neoplastic breast tissues 
(16-18). The exon 2-deleted transcript could encode a 
truncated protein of approximately 16 kDa missing the 
entire DNA- and ligand-binding domains (Fig. 1, Table 
1). The protein would only encode the A/B region of the 
wild-type ER up to amino acid 151 with an additional 
novel amino acid residue. The protein encoded by this 
transcript displayed no transcriptional activity of its own, 
but exhibited a mild dominant negative activity when 
over-expressed at least 20-fold relative to the wild-type 
ER protein (11). This transcript was found to be over- 
expressed in a tamoxifen-resistant MCF-7 cell line 
compared to the parent MCF-7 cells, although other ER 
variant transcripts were also differentially expressed in 
these two cell lines (19). Although such data support a 
role for altered ER variant expression in hormone 
independence, the mechanism or mechanisms by 
which this is achieved is unknown. 

6. Multiple-exon-deleted and Other Deleted ERs 

Several multiple-exon-deleted ER transcripts have 
recently been identified in human breast cancer cells 
(19), and in both normal and neoplastic human breast 
tissues (16-18, 20). These include both double- and 
triple-exon deletions. Deletions of exons 4 and 7 from 
the one transcript have been described in human breast 
cancer cells (19) and human breast tissue (18). Further- 
more, this transcript is frequently expressed at a 
relatively high level in a wide range of human breast 
tumours (20). An exon 4- and 7-deleted ER transcript is 
predicted to encode a protein of approximately 39 kDa 
(18) deleted in the hinge region, lacking a nuclear locali- 
zation signal and significant portions of the ligand- 
binding and AF-2 domains. No studies reporting 
putative function have been published. Leygue et al. 
(16, 20) have identified transcripts deleted in exons 2 
and 3, and transcripts deleted in exons 3 and 4 in 
human breast tissues. This latter transcript was also 
identified in human breast tissues by Gotteland et al. 
(17). The transcript is predicted to encode an inframe 
protein of approximately 49 kDa, lacking ER amino acid 
residues encoded on exons 3 and 4, i.e. amino acids 
216-365 (Fig. 1, Table 1). This protein would be unable 
to bind to DNA, would be missing a nuclear localization 
signal and part of the hormone-binding domain. 
Interestingly, the relative expression of this transcript is 
increased markedly in human breast cancer cells that 
have become oestrogen independent (A. Courts, E. 
Leygue and L Murphy, unpublished observation). No 
data are available with regard to the potential function of 
this protein in human breast cells, although the protein 
encoded by this transcript has no transcriptional or 

dominant negative activity in a rat aortic smooth muscle 
cell line model (61). 

Triple-exon-deleted ER transcripts have been 
observed in MCF-7 human breast cancer cells (18) and 
in human breast cancer tissue (20). MCF-7 cells contain 
ER transcripts deleted in exons 3, 4 and 5 as well as 
transcripts deleted in exons 5, 6 and 7 (18). Leygue et 
al. (20) recently identified in human breast cancer 
tissues ER transcripts deleted in exons 2, 3 and 4 and 
exons 2, 3 and 7. No functional studies have been 
carried out on the proteins encoded by such transcripts; 
however both these transcripts were frequently detected 
at a relatively high level of expression in a wide range of 
human breast tumours (20). In addition, the detection of 
the exon 2, 3 and 4-deleted transcript was significantly 
correlated with high-grade tumours (20). 

Deletions that are not exact exon deletions have also 
been described. Grahame et al. (21) identified in T-47D 
cells an ER-like transcript deleted of 462 bases from 
within exon 4 to within exon 5. This predicts for a 
putative protein containing 442 amino acids with an 
in-frame deletion of 153 amino acids of the wild-type ER 
protein (Fig. 1, Table 1). The predicted protein is 
deleted from the end of the DNA-binding domain to 
mid-ligand-binding domain. This same group observed 
an ER transcript deleted in a G residue (nucleotide 
1463) (numbered according to (64) of wild-type ER 
sequence) at amino acid residue 411 in the hormone- 
binding domain of the ER. This resulted in a frame shift 
so that a truncated protein is encoded (Table 2). The 
predicted protein is identical to the wild-type ER up to 
amino acid residue 410, followed by seven novel amino 
acids. The protein would have an intact DNA-binding 
domain and hinge region but would be truncated in the 
ligand-binding domain. Similarly, Karnik et al. (22) 
identified an ER-like transcript in a tamoxifen-resistant 
metastatic human breast tumour that was deleted in a T 
residue in exon 6. This would generate a frame shift 
resulting in a protein identical to the wild-type ER up to 
amino acid residue 433 followed by five novel amino 
acids (Table 2). This protein is probably defective in its 
ligand-binding and AF-2 activities. Daffada and Dowsett 
(23) described a novel splice variant of the ER mRNA in 
normal human endometrial tissue and breast cancers. 
This variant consists of a deletion within exon 4 
sequences to within exon 7 sequences. This variant is 
out of frame, is identical to the ER up to amino acid 
residue 277 and thereafter encodes another 32 novel 
amino acids (Fig. 1, Table 1). The predicted protein 
would lack a large part of the ligand-binding domain 
and the AF-2 domain, but would contain the AF-1 
domain, the DNA-binding domain and the nuclear locali- 
zation signal of the wild-type ER. Leygue et al. (20) have 
identified ER transcripts in a wide range of human 
breast cancer samples, which are deleted from within 
exon 3 to within exon 7. This transcript was frequently 
detected in breast tumours, and in particular its expres- 
sion was significantly correlated to tumours with very 
high levels of wild-type ER up to amino acid residue 232 
and would then encode a further 18 novel amino acids 
(Fig. 1, Table 1). However, the protein lacks some of the 
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DNA-binding domain, all of the ligand-binding domain, 
and the AF-2 function. 

7. Truncated ER mRNAs 

The truncated ER-like transcripts (24, 25), which consist 
of various combinations of exons 1, 2 and 3 of the 
normal ER mRNA followed by sequences that are not 
found in the wild-type ER mRNA, were initially identified 
on Northern blots as abundantly expressed smaller- 
sized ER transcripts in some human breast cancer 
biopsy samples. This analysis identified them as 
abundant or more abundant than the wild-type 
transcript in some human breast cancer samples (24). 
Subsequently, several of the cognate cDNAs for these 
truncated transcripts were cloned and characterized, 
and found to contain authentic polyadenylation signals 
and poly A tails. The clone 24- and clone 5-truncated 
transcripts were found in only one breast tumour but the 
clone 4-truncated ER mRNA was found to be expressed 
in a wide range of breast tumours (25). Clone 5, how- 
ever, consisted of exon 1 and 3 followed by ER 
unrelated sequences, and therefore is an example of a 
mixed exon-deleted and truncated transcript. Clone 4 
consists of exons 1 and 2 of the wild-type ER mRNA 
followed by LINE-1 sequences (25). It could encode a 
protein of approximately 24 kDa, which would be 
identical to amino acid residues 1-214 of the wild-type 
human ER protein (25) (Fig. 1, Table 1) and thereafter 
encodes another six novel amino acids that are not 
found in the wild-type human ER. If the clone 4 mRNA 
were translated it would encode a protein that is 
identical to the A/B region and the first 'zinc finger' of 
the normal ER protein, but would be missing the 
second 'zinc finger', nuclear localization domains and 
the E domain of the normal ER protein (4). However, the 
protein had no transcriptional or dominant negative 
activity in transient transfection assays (25). Support for 
a role for this variant in human breast cancer progres- 
sion comes from data that show that the relative level of 
expression of this variant is significantly elevated in 
breast tumours versus normal mammary gland (39) and 
that the relative level of expression of this variant is 
significantly elevated in breast tumours with character- 
istics of poor prognosis and endocrine resistance 
versus those with characteristics of good prognosis and 
endocrine sensitivity (41). 

8. Point Mutations in the ER 

Several point mutations have been identified in the 
human ER. The first of them was a G-to-C mutation 
(30-32), which was a silent polymorphism at nucleotide 
261 (using the numbering presented in (64)). Although 
this is a silent polymorphism, the B-region variant allele 
(B') of the ER has been correlated with decreased levels 
of oestrogen binding in human breast cancers (65), 
increased history of spontaneous abortion in women 
with ER-positive breast cancer (66), increased height in 
women (67) and possibly increased prevalence of 
hypertension (68). 

A C-to-T transition at codon 157 in exon 2 of the 
human ER appears to be the cause of oestrogen resist- 
ance in a man (36). The mutation results in a premature 
stop codon so that a protein truncated within exon 2 
would be formed, encoding only the A/B region and 
missing both zinc fingers of the DNA-binding domain as 
well as the entire hormone-binding domain. This is the 
first identified disease causing mutation in the human 
ER. Interestingly, this study demonstrated that disrup- 
tion of the ER gene need not be lethal in humans and 
identified the importance of oestrogen in bone matura- 
tion and mineralization in men as well as women (36). 

Point mutations have been identified in the ER in 
some breast cancers. A silent polymorphism (T-to-C) at 
serine 10 has been identified by at least two indepen- 
dent groups (25, 29). A leucine to proline substitution at 
amino acid residue 296 has been identified in two 
breast tumours (33); however, the functional signifi- 
cance of this is unknown. A C-to-G change that is a 
silent polymorphism at proline 325 (33) has also been 
observed. Karnik et al. (22) identified an A-to-T nucleo- 
tide change in one breast tumour, which would alter Glu 
352 to Val as well as several silent polymorphisms 
(C-to-T in Gly 276; G-to-T in Lys 472; C-to-G at Ala 505; 
T-to-C at His 577). However, none of these was 
frequently observed and none correlated with tamoxifen 
sensitivity or resistance in this group of human breast 
tumours. The point mutation changing Gly 400 to Val 
that was introduced into the human ER cDNA, as a 
cloning artifact, was shown to alter the receptor's affinity 
for oestrogen under certain conditions (69), as well as 
to enhance the oestrogenic activity of 4-hydroxy- 
tamoxifen in stable ER transfectants of MDA-MB-231 
human breast cancer cells (64). Moreover, the ER from 
an MCF-7 tumour line, which was stimulated by tamox- 
ifen, contains a point mutation so that Asp 351 was 
changed to a Tyr residue (34). This mutant ER was 
subsequently shown to result in increased oestroge- 
nicity of a tamoxifen analog (35). 

9. Insertions in the ER 

ER mRNAs containing inserted sequences have been 
identified in approximately 9% of human breast tumours 
(26). Three types of inserted sequences were identified: 
one in which a complete duplication of exon 6 was 
found, one in which a complete duplication of exons 3 
and 4 was found, and one in which 69 novel nucleo- 
tides had been inserted between the exon 5 and 6 
sequences of the normal ER mRNA. The functional 
significance of such alterations is as yet unclear. 
However, the exon 6-duplicated ER-like mRNA predicts 
a protein of 51 kDa identical to the wild-type ER but 
would be truncated in the mid-E domain. Deletion and 
site-directed mutagenesis data suggest that such a 
protein would not bind oestradiol (2, 4, 71-74). Further, 
an important dimerization interface and the ligand- 
dependent AF-2 activity would be missing in the protein 
predicted from the exon 6-duplicated ER-like mRNA. 
However, a weaker constitutively active dimerization 
domain present in the DNA-binding domain, as well as 
the constitutive nuclear localization signal present in 
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exon 4 of the wild-type ER (75) and the ligand-indepen- 
dent AF-1 activity in the A/B domain would still be 
present (5). Preliminary data suggest that the protein 
encoded by this transcript has no ability to bind oestra- 
diol and has little, if any, transcriptional activity using a 
classical ERE reporter gene construct (D. Douglas and 
L. Murphy, unpublished observations). 

The predicted protein from the exon 3 and 
4-duplicated ER transcript is around 82 kDa (Fig. 2, 
Table 1). It is identical to the wild-type ER protein up to 
amino acid residue 366, followed by another 380 amino 
acid residues encoded by exons 3 to 8. Therefore the 
amino acid residues encoded by exons 3 and 4 are 
completely duplicated. This protein would contain the 
AF-1 domain located in the A/B region of the wild-type 
ER, as well as the DNA-binding and dimerization 
domains and the constitutive nuclear localization signal 
of the wild-type ER protein, but would then have a third 
zinc finger encoded by exon 3, another nuclear localiza- 
tion signal followed by the normal E-domain containing 
ligand binding, AF-2 and dimerization functions. The 
presence of the extra ER residues from exons 3 and 4 
would probably result in an altered structure of the 
protein, which may affect several of its normal functions. 
Preliminary data suggest that the protein encoded by 
this transcript has reduced oestradiol-binding activity 
and reduced, but still detectable, ligand-activated 
transcriptional activity (D. Douglas and L. Murphy, 
unpublished observations). 

The unique 69-bp insertion is in-frame and codes for 
23 novel amino acids inserted between residues 412 
and 413 of the normal ER protein (Fig. 2, Table 1). This 
would result in a protein of approximately 69 kDa. While 
all residues of the wild-type ER are present in this 
protein the inserted sequence may cause an alteration 
of the structure in the E domain of this protein, so that 
some alteration or disruption of function may occur. 
Preliminary data suggest the protein encoded by this 
transcript has reduced oestradiol-binding activity and 
little, if any, transcriptional activity of its own (D. Douglas 
and L. Murphy, unpublished observations). 

Interestingly, the identification of an immunoreactive 
ER-like protein of 80 kDa was recently reported in an 
MCF-7 subclone, which was oestrogen independent 
with respect to growth (45). The transcript possibly 
corresponding to this protein appeared to contain a 
precise duplication of both exons 6 and 7 (Table 1, Fig. 
2). Also, an abnormal ER-like transcript was cloned from 
T-47DC0 cells, which contained an insertion of approxi- 
mately 130 nucleotides into exon 5 sequences (21). The 
inserted sequences displayed sequence similarity to the 
human alu family of repetitive sequences (21). The 
same group identified another mutant ER transcript in 
T-47Dco cells, in which two T residues were inserted in 
exon 3 resulting in a frame shift, changing amino acid 
250 from methionine to an isoleucine, followed by a 
stop codon (21). The predicted protein would be 
truncated just beyond the last cysteine of the second 
zinc finger, with no hinge or ligand-binding domains 
(Table 2). Although no DNA binding/gel retardation 
analysis for this predicted protein was observed, the 
protein   displayed   weak   constitutive   transcriptional 

activity, and higher concentrations had weak inhibitory 
activity when expressed together with the wild-type ER 
(76). In addition, some small insertions (1-3 nucleotides) 
have been described in the ER mRNA of some breast 
cancer biopsy samples (22, 29, 33) (Table 2). The 
frequency and significance of these are not known. 

Conclusions and Unanswered 
Questions 

There is a large amount of molecular evidence 
supporting the existence of variant and mutant ER 
proteins. While this evidence is derived mainly from 
characterization of mRNA species, data are now 
accumulating to suggest that the stable translation of 
ER variant mRNAs occurs at least in some human 
breast cancer tissues. This, in turn, suggests that any 
future examination of ER signal transduction and/or 
measurement of ER protein must take into account 
variant ER expression. The possible functions of variant 
ER proteins, either physiological or pathological, remain 
unclear, although correlative studies tend to support a 
role or roles for some ER variants in breast tumour- 
igenesis and breast cancer progression. However, 
future speculation concerning these issues must take 
into account the presence of multiple ER variants in any 
one breast tissue sample, as well as the relative expres- 
sion of each variant with respect to others, which can be 
altered in different groups of breast tumours, as 
discussed above. Furthermore, there are data that 
support the possibility that the pattern of ER variant 
expression can differ amongst different normal 
oestrogen target tissues (23), suggesting a possible role 
in the tissue-specific differences of ER signal transduc- 
tion. These differences also dictate that analysis of 
putative function of any individual ER variant must also 
consider the cellular context as well as the promoter 
used to assess transcriptional function. This becomes 
increasingly important in the light of recent studies 
where novel oestrogen-responsive DNA sequences 
have been characterized, which remain quite distinct in 
structure-function activity and presumably mechanism 
from that classically determined using ERE sequences 
from the vitellogenin promoter (77-80). The recent 
cloning of a new ER, ER-beta (81, 82), with an overlap- 
ping but distinct pattern of tissue expression to the 
classical ER-alpha, also begs the question of whether 
the two ERs can interact and how the variant receptor 
forms may affect either or both signal transduction 
pathways. 
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Summary. 

The accumulated evidence supports the expression of estrogen receptor 
variants at both the mRNA and protein levels. The relative level of expression of 
some estrogen receptor variant mRNAs and possibly progesterone receptor 
variant mRNAs is altered during breast tumorigenesis and breast cancer 
progression. The altered expression of estrogen receptor variants may effect 
estrogen signal transduction as well as the interpretation of assays where the 
estimation of estrogen receptor levels is used as a guide to treatment strategies 
and prognosis. 
Introduction. 

The estrogen receptor is considered pivotal in the mechanism by which 
estrogen interacts with its target cells and mediates its specific effects. 
Classically, the estrogen receptor is considered to be a ligand activated 
transcription factor, which upon estrogen binding undergoes conformational 
changes which allow it to dimerize, tightly bind to estrogen responsive DNA 
sequences and alter transcription of target genes [1, 2]. However, the diverse 
effects of estrogen on target tissues [3-6] and the observation that many human 
breast cancers develop estrogen independence despite the continued 
expression of the estrogen receptor [7] suggest that the concept of estrogen 
action described above is unlikely to simply explain all aspects of estrogen 
action [2, 8]. Evidence has accumulated over the last decade supporting the 
existence of estrogen receptor variants [9, 10]. Therefore the possibility exists 
that estrogen receptor variants may have a pathophysiological role in estrogen 
action. For example, the pattern of estrogen receptor variant expression may 
influence which set of estrogen responsive genes are transcribed. The following 
discussion reviews the evidence available to support a pathophysiological role 
of estrogen receptor variants in human breast tissues. 
Structure of Estrogen Receptor Variant mRNAs. 

Most data supporting the existence of estrogen receptor (ER) variants 
have been at the mRNA level. Two main structural patterns of estrogen receptor 
variant mRNAs have been consistently identified: the truncated ER mRNAs [11] 
and the deleted ER mRNAs [12]. Using a long range reverse transcription- 
polymerase chain reaction analysis (RT-PCR) [13] which detects all deleted ER 
variant mRNAs at a frequency relative to their initial mRNA representation in the 
unamplified sample [14], the most frequently detected and likely the most 
abundant deleted ER variant mRNAs in human breast tumors appear to be the 
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exon 7 deleted ER mRNA [13, 15] and the exon 4 deleted ER mRNA [13, 16]. 
However, in some breast tumors other deletion variants such as an exon 3+4 
deleted ER mRNA [13] and an exon 4+7 deleted ER mRNA [13] have been 
frequently detected. An exon 5 deleted ER variant mRNA is rarely detected 
using the long range RT-PCR approach, suggesting that its abundance is low 
compared to several other ER deleted mRNAs. However, when specific PCR 
primers are used to measure only the exon 5 deleted ER mRNA relative to the 
wild-type ER mRNA, the levels of the exon 5 variant mRNA are found to vary 
amongst breast tumor samples [17] as well as between normal breast tissues 
and breast tumors [18]. Also truncated ER variant mRNAs have been frequently 
detected at relatively high abundance in several human breast tumors [19, 20]. 
In fact the truncated ER variant mRNAs are the only ER variant transcripts that 
have been detected by Northern blotting analysis and the entire cDNAs cloned 
and sequenced [11, 19]. A commonly expressed truncated ER mRNA is the 
clone 4 truncated ER mRNA. The predicted proteins of these relatively most 
abundant ER variant transcripts are shown schematically in Figure 1. All of 
these variant transcripts will encode ER proteins missing some 
structural/functional domains of the wild-type ER. In many cases i.e. the exon 7 
deleted, the exon 4+7 deleted and the clone 4 truncated ER variant mRNAs will 
encode C-terminally truncated proteins in which the ligand binding domain, the 
ligand dependent transcriptional activity (AF-2) and the ligand dependent 
dimerization domain are significantly impaired. Although the exon 4 deleted 
and the exon 3+4 deleted transcripts are inframe, studies indicate that the 
proteins encoded by these transcripts cannot bind ligand and have little, if any, 
ligand dependent transcriptional activity [16, 21]. Furthermore, the proteins 
encoded by the clone 4 truncated, the exon 3 deleted, the exon 3+4 deleted 
and the exon 4+7 deleted variant mRNAs are all unlikely to bind significantly to 
classical estrogen responsive DNA sequences. A common feature of all the 
relatively abundantly expressed ER variant mRNAs described above, is they 
would encode proteins with intact A/B regions. This region has been described 
to contain a promoter and cell-type specific transcriptional activity [22, 23], 
although its ability to function in the complete absence of an intact DNA binding 
domain is unexplored. In summary, a large body of molecular data exists to 
support the potential expression of ER variant proteins. 
Specificity of Estrogen Receptor Variant Expression. 
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The available studies provide evidence for an extensive and complex 
pattern of alternative splicing associated with the estrogen receptor gene, which 
appears to be altered during breast tumorigenesis. It has been suggested that 
the complex pattern of exon deleted ER variant mRNA expression is specific for 
the estrogen receptor, since similar variants for the glucocorticoid receptor and 
the retinoic acid receptors alpha and gamma have not been found in breast 
tumor tissues [24]. We have also investigated the pattern of exon deleted variant 
mRNA expression in breast tumors using a long range RT-PCR approach [13] 
for the progesterone receptor (PR) [25], the glucocorticoid receptor (GR) [26] 
and the vitamin D3 receptor (VR) [27]. Our data, shown in Figure 2, demonstrate 
that little, if any, deleted variant mRNAs for the GR and VR were detected in the 
three breast tumors examined. However, in these same breast tumors, several 
exon deleted variant mRNA species for both the ER and PR were abundantly 
expressed (Figure 2). Importantly, our published data have shown that the 
expression of the exon 5 deleted ER variant mRNA and the truncated clone 4 
ER variant mRNA is elevated in breast tumors compared to normal breast 
tissues [18, 28] and our preliminary data suggest that the level of the exon 6 
deleted PR variant mRNA was more highly expressed relative to the wild-type 
PR mRNAs in breast tumors compared to normal breast tissues (Leygue, 
Dotzlaw, Watson, Murphy, unpublished data). These data suggest that the 
mechanisms generating alternatively spliced forms of both ER and PR are 
unlikely to be due to a generalized deregulation and/or alteration of splicing 
processes within breast tumors. They also suggest that the mechanism(s) is 
specific for the sex steroid hormone receptor genes and the alterations seen in 
breast tumors may have a role in altered actions of estrogens and progestins in 
human breast tumorigenesis. 
Identification of Estrogen Receptor Variant Proteins. 

Recent data published from several independent groups strongly support 
the detection of estrogen receptor like proteins which correspond to some of the 
previously identified estrogen receptor variant mRNAs in both cell lines and 
tissues in vivo. 

An ER-like protein consistent with that predicted to be encoded by the 
exon 5 deleted ER transcript is expressed naturally in some BT 20 human 
breast cancer cell lines [29]. A monoclonal antibody specific to the predicted 
unique C-terminal amino acids of an exon 5 deleted ER protein was developed, 
and used to demonstrate immunohistochemically the presence of this protein in 
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several human breast cancer samples [30] . An exon 4 deleted ER variant 
mRNA has been identified in both normal and neoplastic ovarian tissue [31] 
Western blotting analyses revealed the presence of the expected 65 kDa wild- 
type ER protein as well as a 53 kDa protein which was recognized by ER 
antibodies to epitopes in the N-terminus and C-terminus of the wild-type protein, 
but not with an antibody recognizing an epitope encoded by exon 4 [31]. These 
data strongly support the hypothesis that the small sized ER-like protein in the 
ovarian tissue extracts was encoded by an exon 4 deleted ER variant mRNA. 

Recently, we have analyzed several human breast tumors 
immunohistochemically for ER expression, comparing side-by-side an antibody 
recognizing an N-terminally localized epitope in the wild-type ER protein (1D5), 
and an antibody recognizing a C-terminally localized epitope in the wild-type 
ER protein (AER311). It was found that although in many tumors the 
immunohistochemical results using each antibody showed good concordance 
with each other, in some tumors the results were discordant, with the signal 
tending to be higher with the N-terminal antibody. Since many of the proteins 
predicted from variant ER mRNAs would be truncated at the C-terminus and not 
contain the epitope recognized by the C-terminal antibody, one interpretation of 
these data would be that truncated variant ER proteins are more highly 
expressed in the discordant group of tumors [32]. This hypothesis was tested by 
investigating the pattern and relative expression of variant ER mRNAs in the 
discordant and concordant groups of breast tumors. Several ER variant mRNAs 
(the clone 4 truncated ER mRNA, the exon 2, 3 plus 7 deleted ER mRNA, the 
exon 2, 3 plus 4 deleted ER mRNA and the variant deleted within exon 3 to 
within exon 7) which encode putative truncated ER-like proteins that would be 
recognized only by an N-terminally targeted antibody were preferentially and 
more highly expressed in the discordant breast tumor group [33]. While this 
indirect approach does not specifically identify ER variant proteins, the data 
suggest that the ER variant mRNAs encoding truncated ER proteins may 
contribute to discrepancies in ER measured by immunodetection assays using 
N- or C-terminal antibodies. 

The accumulated data provide strong support for the ability of, at least 
some ER variant mRNAs to be stably translated into proteins detectable by 
conventional methodologies. Such proteins may have a functional role in 
altered estrogen signal transduction in human breast tumorigenesis. 
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Functional Significance of Estrogen Receptor Variant Expression. 
The important question to be addressed now is the role of ER variants in 

those tissues in which they are expressed. One approach has been to 
recombinantly express individual ER variants, alone and together with the wild- 
type ER, and determine effects on transcriptional activity as measured by a 
classical estrogen response element (ERE)-reporter gene. This has 
demonstrated the exon 5 deleted ER to have constitutive activity [34] and wild- 
type ER inhibitory activity [30]. As well the exon 3 deleted ER [35], the exon 4 
deleted ER [31] and the exon 7 deleted ER [15] have been identified in some 
sytems to have wild-type ER inhibitory activity. Some ER variants such as the 
exon 3+4 deleted variant have been shown to enhance wild-type ER activity, at 
least at the basal level [36]. Other ER variants such as the truncated clone 4 ER 
have no detectable activity in similar assays [11]. 

Another approach has been to determine if the ER variants are 
differentially expressed in normal versus neoplastic breast tissues. The 
accumulated data support the increased expression of the exon 5 deleted [18, 
31] and the clone 4 truncated ER mRNAs [28] in breast tumors with good 
prognositic features compared to normal breast tissues. Furthermore it has 
been suggested that decreased expression of an exon 3 deleted ER mRNA 
occurs in breast tumors compared to normal breast tissue [37]. Further changes 
seem to occur during the later stages of breast cancer progression since the 
relative level of expression of the clone 4 truncated ER mRNA was found 
significantly elevated in breast tumors with characteristics of poor prognosis and 
endocrine resistance versus those with characteristics of good prognosis and 
endocrine sensitivity [20]. Moreover, increased expression of an exon 3+4 
deleted ER was found associated with the estrogen independent, ER positive 
phenotype in a breast cancer cell line model [36] and preliminary data support 
the functional involvement of the overexpressed ER variant in the estrogen 
independent phenotype (Coutts, Leygue, Murphy, unpublished data). 

Inconsistent results have been obtained with respect to stably 
overexpressing an individual ER variant in a hormone dependent breast cancer 
cell line and the resulting development of endocrine resistance [10, 38]. The 
data suggest that altered ER variant expression may contribute to altered 
estrogen receptor activity which together with other factors will contribute to 
breast cancer progression and the eventual development of hormone 
independence and resistance endocrine therapy [7]. 
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Conclusions. 
Estrogen receptor variants can be detected at both the mRNA and 

protein levels. The level of expression of some ER variants is altered during 
breast tumorigenesis and breast cancer progression. The functional 
involvement of ER variants and possibly PR variants in breast cancer 
progression and altered responses to these steroid hormones requires further 
detailed investigation. More immediately, the impact of expression of variant 
ER and PR on the determination of ER and PR immunohistochemically as 
markers of prognosis and treatment response in breast cancer requires 
assessment. 
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LEGENDS  TO  FIGURES 

Figure 1 
Schematic diagram of the wild-type human estrogen receptor (ER) 
cDNA, which contains 8 different exons coding for a protein divided into 
structural and functional domains (A-F). 
Region A/B of the receptor is implicated in trans-activating function (AF- 
1). The DNA-binding domain is located in the C region. Region E is 
implicated in hormone binding and another trans-activating function (AF- 
2). The numbering on the top of the cDNA refers to the nucleotide 
position as defined in reference [39]. Below the wild-type ER cDNA are 
the various putative exon deleted and truncated ER cDNAs. ATG shows 
the translation initiation codons, TGA shows the inframe translation 
termination codons and the numbering below the cDNA refers to the 
amino acid positions as defined in reference [39]. D = deletion, and the 
estimated molecular mass (kDa = kiloDaltons) of each open reading 
frame is shown in brackets. Molecular masses were estimated using 
MacVector version 4.1.4 software. 

Figure 2 
Autoradiograph of long range RT-PCR analysis for ER, PR, GR and VR 
mRNA isolated from three human breast tumor biopsy samples. All 
tumors were ER+ and PR+ by ligand binding assay. The primers and RT- 
PCR conditions for ER and PR were as previously described [13, 25] 
except that the annealing time was 30 seconds only. The primers for the 
GR are as previously described [24] and located in exons 2 and 8, 
respectively. The RT-PCR conditions were those described above for ER 
and PR. The primers for the VR are: VR-U 5'- GAAGCGGAAGGCACTAT- 
3', sense 155-171 as defined in [27]; VR-L 5'-GAGCACAAGGGGCGTTA 
-3', antisense 1240-1256 as defined in [27]. D = deletion. The numbers 
beside the arrows represent the sizes (bp) of the PCR product: 1381 is 
WT-ER; 1197 is D7-ER; 1100 is WT-VR; 1093 is WT-PR; 1045 is D4-ER; 
987 is WT-GR; 962 is D6-PR; 928 is D3+4-ER; 861 is D4+7 ER; 787 is 
D4-PR; 580 is D3+7-ER [13, 25]. 



* » 

I & 1     c      ,   D, 

♦1  $      # $ *     & / t &   & 
WT-ER 
(65 kDa) 

& 

I»    13    I        4 |,1 5        6        7 

1 
ATG 

&    &     & 4>     &    &     & ^ 

TGA 

D4-ER 
(54 kDa) 

D3-4-ER 
(49 kDa) 

D5-ER 
(40 kDa) 

^ 
TGA 

^ 
TGA 

X 
TGA 

D7-ER 
(51 kDa) 

TGA 
^ 

D4-7-ER 
(39 kDa) 3        5 

^ 

TGA 

Clone 4 ER 
(24 kDa) 

ATG 

y;///////////////777A 
TGA 

Figure 1 Murphy et al., 



* »■ 

Figure 2 Murphy et al., 

Tumor 1 Tumor 2 Tumor 3 

"ER PRGR VR'ER PRGR VR'ER PR GR VR" 

1381 

1197 

1093 
1045" 
962 
928 
861 

787 

580 

1100 

987 


