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We investigated the hypothesis that mutations within estrogen receptor-ααααα (ERααααα) may be one of the mechanisms of
breast carcinoma progression to a hormone-independent phenotype. Fine-needle aspirations were collected from pa-
tients with tamoxifen resistant metastatic breast carcinomas. Total RNA was isolated and the entire ERααααα hormone-
binding domain (HBD) amplified by RT-PCR using 4 pairs of overlapping primers. PCR products were screened for
mutations by single-stranded conformational polymorphism (SSCP) analysis and DNA sequencing. Although no muta-
tions were detected by SSCP analysis, two silent polymorphisms were identified by automated DNA sequencing at
codons 538 [GAC →→→→→ GAT (Asp)] and 594 [ACA →→→→→ ACG (Thr)]. The codon 538 variant was detected in tumour
specimens at a low frequency whereas the codon 594 variant was detected in patients and healthy controls at a similar
frequency. Exon 7-deleted variant was also detected in all tumour specimens. Fine-needle aspirations, in conjunction
with RT-PCR, could be a rapid and reliable method for the mutational analysis of the ERααααα HBD. However, mutations
within the ERααααα HBD do not appear to represent a significant mechanism in the development of antiestrogen resistance.
Key Words: breast cancer, estrogen receptor, fine-needle aspirates, tamoxifen-resistance, antiestrogen, mutation.

Ïðîâåðÿëè ãèïîòåçó î òîì, ÷òî ìóòàöèè â ðåöåïòîðå ýñòðîãåíà-ααααα (ÐÝααααα) ìîãóò áûòü ìåõàíèçìîì, ïðè ïîìîùè
êîòîðîãî îïóõîëè ïðèîáðåòàþò ãîðìîíîíåçàâèñèìûé ôåíîòèï è ðåçèñòåíòíîñòü ê àíòèýñòðîãåííîé òåðàïèè. Àñ-
ïèðàöèîííûå áèîïòàòû áûëè âçÿòû ó áîëüíûõ ñ ìåòàñòàçèðóþùèì ðàêîì ìîëî÷íîé æåëåçû, óñòîé÷èâûì ê òà-
ìîêñèôåíó. Âûäåëÿëè ñóììàðíóþ ÐÍÊ è ïðîâîäèëè àìïëèôèêàöèþ ïîëíîãî äîìåíà ñâÿçûâàíèÿ ãîðìîíà ÐÝααααα
ìåòîäîì ÎÒ-ÏÖÐ, èñïîëüçóÿ 4 ïàðû ïåðåêðûâàþùèõñÿ ïðàéìåðîâ. Ïî ðåçóëüòàòàì àíàëèçà ïðîäóêòîâ ÏÖÐ íà
îäíîöåïî÷å÷íûé êîíôîðìàöèîííûé ïîëèìîðôèçì ìóòàöèé âûÿâëåíî íå áûëî, îäíàêî ïðè ñåêâåíèðîâàíèè ÄÍÊ
áûëè îáíàðóæåíû äâà âàðèàíòà ìîë÷aùåãî ïîëèìîðôèçìà â êîäîíàõ 538 [GAC →→→→→ GAT (Asp)] è 594  [ACA →→→→→
ACG (Thr)]. Ïåðâûé âàðèàíò áûë îáíàðóæåí ñ íèçêîé ÷àñòîòîé â îïóõîëÿõ, à âòîðîé � ñ îäèíàêîâîé ÷àñòîòîé
êàê â îïóõîëÿõ, òàê è â êîíòðîëå. Ïðè ñåêâåíèðîâàíèè âî âñåõ îïóõîëåâûõ îáðàçöàõ áûë âûÿâëåí òàêæå âàðèàíò
ñ äåëåöèåé ýêçîíà 7. Ïîêàçàíî, ÷òî ìóòàöèè â àíàëèçèðóåìîì äîìåíå íå ÿâëÿþòñÿ ñóùåñòâåííûì ìåõàíèçìîì
ðàçâèòèÿ ðåçèñòåíòíîñòè ê àíòèýñòðîãåíàì. Ðàññìîòðåííûé ìåòîä ìîæåò áûòü èñïîëüçîâàí äëÿ áûñòðîãî è íà-
äåæíîãî ïðîâåäåíèÿ ìóòàöèîííîãî àíàëèçà ôóíêöèîíàëüíî çíà÷èìûõ äîìåíîâ ðàçëè÷íûõ áåëêîâ.
Êëþ÷åâûå ñëîâà: îïóõîëü ìîëî÷íîé æåëåçû, àñïèðàöèîííàÿ áèîïñèÿ, ðåçèñòåíòíîñòü ê òàìîêñèôåíó, àíòèýñ-
òðîãåí, ìóòàöèÿ.
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Estrogens regulate cell growth and development in
the human mammary gland. Approximately one third

of breast cancers also depend upon estrogens for
growth and progression [36]. The effects of estrogen in
both normal and cancerous cells are mediated via its
interaction with the intracellular estrogen receptor-α
(ERα) [11, 40]. A second estrogen receptor (ERβ) has
been recently identified; however, its role in breast can-
cer progression has not been determined [22, 32]. ERα
functions as a ligand-dependent transcription factor and
belongs to the steroid and thyroid hormone receptor
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superfamily. The human ERα gene is located on chro-
mosome 6q25.1, has a length of over 140 kb and con-
sists of eight exons [29, 34]. The gene encodes a 66 kD
nuclear protein which is comprised of 595 amino acids
and subdivided into six functionally distinct domains,
designated A to F (Figure). The N-terminal (A/B) do-
main contains the hormone-independent transcriptional
activation function (AF-1), the central (C) domain con-
tains the DNA-binding domain, whereas the C-termi-
nal (E/F) domain contains the site required for hormone-
binding [23, 24, 39]. The 251-residue hormone-bind-
ing domain (HBD) is assembled from exons 5 to 7 and
parts of exons 4 and 8. Located within the ERα HBD
are the sites required for dimerisation [12], heat-shock
protein binding [7], hormone-dependent transcription-
al activation function (AF-2) [39], and possible regula-
tory phosphorylations [31].

Patients with ERα-positive breast tumours are more
likely to respond to endocrine therapy, such as treat-
ment with the antiestrogen tamoxifen [20]. The potent
metabolite of tamoxifen, 4-hydroxytamoxifen, competes
with estrogen for ERα binding and prevents activation
of AF-2. However, virtually all patients who initially re-
spond to tamoxifen treatment eventually develop hor-
monally unresponsive tumours and relapse [4, 26, 30].
A number of mechanisms have been proposed to ex-
plain this loss of hormone dependence [38]. Of parti-
cular interest is the presence of mutations within the
ERα HBD. Due to the functional and structural impor-
tance of the ERα HBD, alterations within this region
may lead to receptor dysfunction. For example, spe-
cific point mutations within the ERα HBD can result in
breast tumours which are antiestrogen-resistant [21]
or antiestrogen-sensitive [6, 19, 28]. Furthermore,
mutations within the ERα HBD can result in dominant-
positive receptors which can constitutively activate tran-
scription in the absence of ligand [43, 44, 45] or domi-
nant-negative receptors which suppress the transcrip-
tion of wild-type ERα [13, 41]. ERα HBD mutations
which abolish estrogen binding have also been report-
ed [15, 21]. In a similar study performed on the andro-
gen receptor, mutations were reported in 50% of hor-
mone-independent prostatic tumours, most of which
were located within the HBD [37].

Fine-needle aspiration (FNA) is a rapid and easy
means of procuring breast tumour material for cytopatho-
logical analysis. FNA of breast tumours has also been
used in conjunction with reverse transcription (RT)-PCR
to examine the relative expression of various genes in-
cluding c-erbB-2 [9], transforming growth factor-β and
ERα [1]. In addition, the PCR amplification of DNA ex-
tracted from breast tumour FNAs has been used for the
assessment of mutations in genes such as TP53 [18,
25]. In order to assess more fully the changes in the
ERα HBD that may impinge on receptor function, we
examined mutations at the transcriptional, rather than
the DNA, level. Hence, RT-PCR of FNAs extracted from
the tumours of several patients with confirmed tamoxi-
fen-resistant breast cancer was used, in conjunction with
automated DNA sequencing, to identify mutations with-
in the ERα HBD. We found FNA to be a successful means
of procuring RNA for mutational analysis in that a well
documented polymorphism and deletion mutant, previ-
ously detected by RT-PCR or PCR examination of sur-
gically removed tumour material, were easily detected
using the aspirate method. Apart from an additional si-
lent polymorphism detected at a low frequency, no ad-
ditional mutations were detected which confers previ-
ous observations that mutations within the ERα HBD do
not significantly contribute to the development of hor-
mone resistance in breast cancer.

MATERIALS AND METHODS
Breast tumours and controls. Six tumour aspi-

rates were collected from patients attending the Queen
Elizabeth II Medical Centre in Western Australia who
had relapsed following tamoxifen therapy for primary
breast carcinoma. The presence of malignant cells of
breast carcinoma origin was confirmed in all of the as-
pirates by cytopathological analysis. The mean age of
patients at the time of fine-needle aspiration was
59 years (range 39�78 years) and the mean duration
of tamoxifen therapy was 54 months (range 1�
138 months). Five of the six patients had had their pri-
mary tumours surgically removed. The mean size of
the primary tumours from these patients was 27 mm
(range 10�50 mm) and were classified as either Grade II
or Grade III according to the Nottingham grading sys-
tem [10]. All primary tumours were ERα positive (>4 fmol

Figure. A schematic representation of the estrogen receptor-α cDNA which outlines the functional domains, exons and PCR primers
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receptor/mg protein) as determined using an ER-EIA
monoclonal kit (Abbott Laboratories, Abbott Park, USA).
In addition, as methodological controls, surgically re-
moved breast tumours from two elderly women who
had been managed on tamoxifen without surgery for
approximately 9 months, but whose tumours appeared
to be enlarging, were collected following mastectomy.
These tumours were assessed as a 20 mm Grade III
infiltrating ductal carcinoma and an 80 mm Grade II in-
filtrating lobular carcinoma; both of which were ERα
positive. Blood samples collected from 18 healthy fe-
males and used as negative controls.

Cell culture. MCF7 cells (ERα-positive breast can-
cer cells) were cultured at 37°C in RPMI medium (Trace
Biosciences) supplemented with 5% foetal bovine se-
rum and gentamycin (20 µg/ml).

RNA isolation. Total RNA was isolated from fine-
needle aspirate samples and MCF7 cells using the
RNeasy Total RNA Kit (QIAGEN, GmbH, Hilden, Ger-
many). Briefly, samples were lysed, homogenised us-
ing a 23-gauge needle and applied to a silica-gel based
RNeasy spin column. The column was microfuged for
1 min at room temperature, washed three times and
the RNA eluted and stored at -70°C. For the isolation
of total RNA from solid tumours, samples were grounded
into a powder while in liquid nitrogen using a pre-chilled
mortar and pestle. Next, 200 mg of tissue powder was
resuspended in 1 ml of homogenisation buffer (5.5 M
guanidine isothiocyanate in 25 mM sodium citrate con-
taining 0.5% (w/v) sodium lauryl sarcosinate and 1%
(v/v) 2-β-mercaptoethanol) and the suspension passed
through a 23-gauge needle several times. The homo-
genate was microfuged at 6000 rpm for 10 min at room
temperature and the supernatant gently layered onto a
1.2 ml CsCl/EDTA cushion [7 mM EDTA (pH 7.5), 5.7 M
CsCl] and centrifuged at 40 000 rpm for 12 h at room
temperature in a Kontron TGA-65 ultracentrifuge. The
RNA pellet was washed with 70% ethanol, dried, re-
suspended in dH2O and stored at -70°C.

Reverse-transcription PCR amplification. ERα
RNA was reverse-transcribed in a 30 µl reaction mix
containing: 1 µg of RNA, 25 units of avian myeloblas-
tosis virus reverse transcriptase (Promega Corp., Madi-
son, USA), reverse transcription buffer (final concen-
tration: 50 mM Tris-HCl (pH 8.3), 50 mM KCl, 10 mM
MgCl2, 0.5 mM spermidine and 10 mM DTT), 1 mM
each of dATP, dCTP, dGTP and dTTP, 10 units of
RNasin (Promega Corp., USA) and 20 pmol of an ERα-
specific primer downstream of the region to be ampli-
fied (Table 1). Reaction mixes were incubated at 42°C
for 1.5 h, followed by 95°C for 5 min. The region en-
compassing nucleotides 1080 to 2046 of the ERα cDNA
[16, 17] was PCR-amplified using four pairs of over-
lapping primers (Figure, Table 1). PCR-amplifications
were performed in 50 µl reactions containing: 3 µl of
cDNA template, 50 pmol of each of two primers,
1.5 units of pfu DNA polymerase (Stratagene, USA),
0.2 mM each of dATP, dCTP, dGTP and dTTP and 5 µl
of 10 x reaction buffer (final concentration: 20 mM Tris-
HCl (pH 8.0), 2 mM MgSO4, 10 mM KCl, 10 mM

(NH4)2SO4, 0.1% (v/v) Triton-X-100 and 100 µg/ml nu-
clease-free bovine serum albumin). Reactions were
performed in a Perkin Elmer Cetus DNA Thermal Cy-
cler and the reaction conditions, for all 4 primer pairs,
were as follows: 30 cycles of denaturation at 94°C for
1 min, annealing at 65°C for 1.5 min and extension at
72°C for 3 min, followed by a final extension at 72°C
for 10 min. PCR products were examined following elec-
trophoresis on 2.5% agarose gels.

SSCP analysis. Single-stranded conformational poly-
morphism (SSCP) analysis of PCR-amplified ERα cDNA
was performed following the protocol of Orita et al. [33].
Briefly, 5 µl of PCR product was diluted with an equal
volume of loading dye (95% formamide, 0.05% bro-
mophenol blue, 0.05% xylene cyanol, 10 mM EDTA), de-
natured at 96°C for 4 min and immediately cooled on ice
for 2 min. Samples were loaded onto a 10% polyacryla-
mide non-denaturing gel with 10% glycerol. Electrophore-
sis was performed in SSCP running buffer (250 mM Tris,
1.9 M Glycine) at 200 V for 3 h at room temperature. Gels
were examined by silver staining [3] and specific bands
were �band-stabbed� [42], reamplified by PCR and ex-
amined by automated DNA sequencing.

Purification and cloning of PCR products. PCR
products were purified using the QIAquick PCR purifi-
cation kit (QIAGEN). Purified PCR products were cloned
into a Smal-digested pGEM-3Z vector (Promega Corp.,
USA) and the ligated DNA transformed into competent
E. coli XL1 Blue cells. Cells were plated onto 2xYT agar
plates containing 100 µg/ml of ampillicin, 20 mg/ml of
5-bromo-4-chloro-3-indoyl-β-D-galactopyranoside
and 200 mg/ml of isopropylthio-β-D-galactoside. Co-
lonies with inserts, denoted by their white colour, were
inoculated into 2 x YT media containing 100 µg/ml of
ampillicin and incubated at 37°C overnight with shak-
ing. Plasmid DNA was isolated using the Wizard Plus

Table 1. Primers used for the reverse-transcription and PCR-amplifica-
tion of the estrogen receptor-α hormone-binding domain

Primer Nucleotide position Sequence
RT primers

1 1555�1578 3'- TTG AGG CAC ACA AAC TCC TCT
CCC -5'

2 1812�1835 3'- GCA CCA CGT TCT TGC ACT TCA
TGC -5'

3 2053�2076 3'- TGA TGA GGG TAA AAT GCA GCA
GGG -5'

PCR primers
1Ua 1080�1103 5'- CTG GAG ACA TGA GAG CTG CCA

ACC -3'
IDb 1336�1360 3'- GAC CTG ATC ATG GAG GGT CAA

ATC C -5'
2U 1299�1322 5'- ACA TGA TCA ACT GGG CGA AGA

GGG -3'
2D 1555�1578 3'- TTG AGG CAC ACA AAC TCC TCT

CCC -5'
3U 1516�1539 5'- GCT GGC TAC ATC ATC TCG GTT

CCG -3'
3D 1812�1835 3'- GCA CCA CGT TCT TGC ACT TCA

TGC -5'
4U 1788�1807 5'- ACA AAG GCA TGG AGC ATC TG -3'
4D 2023�2046 3'- TGA ACC GTG TGG GAG CCA GGG

AGC -5'
aU: Upstream primer
bD: Downstream primer
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SV Minipreps DNA Purification System (Promega Corp.,
USA).

Automated DNA sequencing of cloned PCR
products. Automated DNA sequencing of the cloned
PCR products was performed following the instructions
described in the ABI PRISM Dye Terminator Cycle Se-
quencing Kit (Applied Biosystems, Warrington, UK).
Briefly, reaction mixes consisted of: 200 ng of plasmid
DNA, 4 µl of terminator ready reaction mix and 3.2 pmole
of either forward or reverse pUC/M13 primer (Promega
Corp.). Sequencing was performed in a Perkin Elmer
Cetus DNA Thermal Cycler using 30 cycles of: 96°C
for 30 s, 50°C for 15 s and 60°C for 4 min. DNA was
ethanol precipitated from the reaction mixture, resus-
pended in TE buffer (pH 8.0) and denatured at 94°C for
3 min. The single-stranded DNA was loaded onto a
6% polyacrylamide gel and sequenced using an ABI
373A DNA Automated Sequencer. The resulting se-
quence was compared to the published sequence of
wild-type ERα isolated from the MCF7 breast cancer
cell line [16, 17].

RESULTS
Fine-needle aspirates were collected from six pa-

tients with metastatic breast carcinomas that were no
longer responsive to tamoxifen therapy. Total RNA was
isolated and reverse-transcribed using an ERα-speci-
fic primer (Table 1). Four pairs of overlapping primers
were designed to allow the PCR amplification of nucle-
otides 1080 to 2046 of the ERα cDNA, which incorpo-
rates the entire HBD (Figure, Table 1). ERα cDNA, de-
rived from two tamoxifen-resistant solid breast tumours,
was also PCR amplified using each primer pair. As a
negative control, total RNA isolated from the MCF7 breast
cancer cell line was reverse-transcribed and the wild-
type ERα cDNA amplified by PCR. Analysis of the PCR
products by SSCP revealed that ERα cDNA from the
eight tumour samples displayed an identical migration
pattern to that of the wild-type receptor suggesting that
no mutations were present (results not shown). All PCR
products were observed on the SSCP gel as two distinct
bands. Several bands were �band-stabbed�, PCR-am-
plified and examined by automated DNA sequencing
which confirmed that these bands represented the com-
plementary single strands of ERα cDNA. SSCP condi-
tions were optimised with respect to acrylamide con-
centration, glycerol concentration and temperature.

Due to the limited sensitivity of SSCP [8], the entire
ERα HBD was thoroughly examined by automated DNA
sequencing to search for mutations not detected using
the initial approach. PCR products were cloned into a
SmaI-digested pGEM-3Z vector and the ligated DNA
transformed into competent E. coli XL1 blue cells. For
colonies that contained the ERα insert encompassed
by primer pair 4, plasmid DNA was isolated from 8 re-
combinant transformants for each of the six FNA and
two tumour specimens. For colonies that contained ERa
inserts encompassed by primer pairs 1, 2 or 3, plasmid
DNA was isolated from 5 recombinant transformants
for each of the 6 FNA samples. Plasmid DNA was anal-
ysed by automated DNA sequencing and compared to

the published wild-type receptor sequence. ERa cDNA
amplified using primer pair 4 was sequenced more ri-
gorously since initial results were more encouraging
than those with the other primer pairs.

Two silent mutations were identified in the region
encompassed by primer pair 4. The first was a neutral
polymorphism at codon 594 [ACA → ACG (Thr)], lo-
cated within the F domain (Figure, Table 2). The
ACG/ACG genotype was present in four of the aspi-

Table 2. Estrogen receptor-α mutations detected in tamoxifen-resistant
breast tumours

Mutation Nucleotide
number(s)

Codon
number(s)

Consequence

ACA (Thr) → ACG (Thr) 2014 594 Silent
GAC (Asp) → GAT (Asp) 1846 538 Silent

Exon 7 deletion 1601�1784 457�518 Truncation
at codon 466

rates, whereas the ACG/ACA and ACA/ACA genotypes
were detected in one aspirate each. The two solid tu-
mour samples both contained the ACG/ACG genotype.
This nucleotide substitution created a BsiYI restriction
enzyme site that was used to determine the frequency
of the polymorphism in the PCR-amplified DNA of 18
non-cancer controls. Following BsiY1 digestion and gel
electrophoresis, samples with the polymorphism were
identified by the presence of a 111 bp DNA fragment
(in addition to 35, 48 and 65 bp fragments) whereas
samples without the polymorphism yielded a 146 bp
DNA fragment (in addition to 48 and 65 bp fragments).
The ACG/ACG, ACG/ACA and ACA/ACA genotypes
were detected in 13, 4, and 1 healthy controls, respec-
tively. This finding suggests that the published sequence
of Green et al. [16] and Greene et al. [17] contains the
less common allele.

The second silent mutation was identified at codon
538 [GAC → GAT (Asp)] (Table 2). The mutation was
detected by automated DNA sequencing, in both the
forward and reverse directions, in one FNA sample. Only
one of the eight recombinant transformants from this
specimen contained the mutation, which indicated that
the mutant receptor occurred at a low frequency with
respect to wild-type ERα. To ensure that the mutation
was not a consequence of nucleotide misincorporation
by pfu DNA polymerase, the RT-PCR amplification was
repeated and another 12 recombinant transformants
examined by automated DNA sequencing, one of which
contained the ERα variant. As this mutation occurred
at a low frequency, we did not consider it necessary to
screen healthy controls for this variant. Analysis of the
ERα sequence encompassed by primer pair 3 revealed
that a previously documented exon 7-deleted variant
was present in all of the FNA samples (Table 2). No
mutations were identified in ERα cDNA amplified using
primer pairs 1 and 2.

DISCUSSION
The entire ERα HBD of eight tamoxifen-resistant

breast carcinomas was extensively screened for muta-
tions using SSCP analysis and automated DNA se-
quencing. In our search for ERα variants, we identified
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two silent mutations at codons 538 and 594 and a com-
plete deletion of exon 7. The codon 538 variant
[GAC → GAT (Asp)] has not been previously reported in
the literature. This mutation was observed in a single
tumour and only a small proportion of the cells in this
specimen contained the variant receptor. In contrast, the
silent polymorphism at codon 594 [ACA → ACG (Thr)]
was detected in the majority of tumour samples. We also
detected this variant in the majority of healthy controls,
which suggests the published sequence contains the less
common allele. This supports the findings of Roodi et al.
[35] who first reported this polymorphism. Exon 7-de-
leted variants were observed in all of the FNA samples.
Exon 7-deleted variants have been well documented in
the literature and several studies have reported no sig-
nificant difference in the level of expression of this vari-
ant to that of wild-type receptor in breast tumours and
healthy controls [14, 27].

We successfully identified mutations by the RT-PCR
amplification of mRNA derived from FNAs taken from
tamoxifen-resistant breast tumours, despite the low
number of cells procured by this method of sample col-
lection. Furthermore, the exon 7-deleted variant and
codon 594 polymorphism were detected at frequencies
comparable to previous studies in which solid tumours
were used as a source for DNA extraction [14, 27, 35].
These results suggest that FNAs can be used as reli-
ably as solid tumours to obtain material for mutational
analysis. Moreover, FNAs can be obtained quickly and
simply and, as they are routinely performed for diag-
nostic purposes, could be used as an alternative meth-
od of sample collection, not only for the analysis of ERá,
but potentially for the analysis of functionally important
domains of other proteins. This approach may be par-
ticularly useful where large unsequenced intronic se-
quences interrupt the coding region of a functional do-
main making PCR at the DNA level impractical.

The inability to detect functionally significant muta-
tions specific to tamoxifen-resistant cancers in this
study confirms the findings of several similar studies.
Karnik et al. [21] screened the entire ERα cDNA of 20
tamoxifen-resistant and 20 tamoxifen-sensitive tu-
mours by SSCP analysis and observed that mutations
occurred at a low frequency. A 42 base replacement in
exon 6 was reported in one tamoxifen-resistant tumour,
whereas a single nucleotide deletion in exon 6 was re-
ported in another tamoxifen-resistant tumour. Bilimo-
ria et al. [5] failed to detect any mutations within the
AF-2 region of four tamoxifen-stimulated cancers by
SSCP analysis and dideoxy DNA sequencing. Assikis
et al. [2] observed aberrant ERα in 3 of 35 endometrial
tumours following SSCP analysis.

While we successfully identified several ERα variants
by automated DNA sequencing, these mutations were not
observed by SSCP analysis. This may simply be due to
the sensitivity of the SSCP procedure, which is unable to
detect 10�20% of all mutations [8]. The failure to identify
the codon 538 variant by SSCP analysis may also result
from the low frequency of this variant with respect to wild-
type receptor. The exon 7-deleted variant may not have

been observed on the SSCP gel as the resulting PCR
product would only be 74 bp in size.

In conclusion, we have established that FNAs are
an appropriate means of procuring material for RT-PCR
and subsequent mutational analysis of breast tissue,
an approach not documented previously. Furthermore,
in view of our findings and those of other investigators,
it appears that mutations within the ERα HBD are not
the predominant cause of tamoxifen-resistance in
breast carcinomas. Whether mutations within the re-
cently identified ERβ may explain the phenomenon of
tamoxifen-resistance is unknown and it will be inte-
resting to pursue this possibility.
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