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Estrogen Receptor Mutations and Changeis Estrogen Receptor and Pogesteone
Receptor Aotein Expression in Metastatic or Recurent Breast Cancer
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To investigate the fequency of estogen receptor ER) gene mutation in metastatic orrecurrent
breast cance metastatic lymph nodes omrecurrent breast cancer tissuerbm 35 patients with ER-
positive primary tumors were seceened for mutations in the hormone-binding domain of ta ER
gene by sequence analysis. Four missense mutationgl316lle, Gly344/al, Ala430val and
Gly494Val, were identified in these lesions. Second, to clarify whether theis any disparity in hor-
monereceptor status between primary and metastatic orecurrent tumors, we immunohistochemi-
cally studied 117 specimens including the above 35 specimens obtainedm metastatic orrecurrent
breast cancer patients using monoclonal anti-ER andrpgesteone receptor (PgR) antibodies. Al-
though hormonereceptor status, especially ER, was highly maintained thugh disease pogression,
negative change in PgR exgssion atrelapse (33%) was identified me frequently than in meta-
static lymph nodes (6.7%). Theefore, it was suggested that development of PgR-negative phenotype
might correlate with disease pogression in some beast cancer patients. Theseesults suggest that
ER mutations in metastatic orrecurrent breast cancer may be me frequent than in primary le-
sions, irespective of high maintenance of ERrptein expression thhough disease pogression.
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It is well accepted that estrogen receptor (ER) and progesstatic breast cangeve performed a molecular-pathological
terone receptor (PgR) are important prognostic factors in hustudy in117 specimens obtained from metastatic or recurrent
man brea cance, and their presence rrelated with a  sites of breast cancer patients.
better response to endocrine therapy and a favorable clinical
outcome? Howeve, about 30-40% of ER-positive (ER MATERIALS AND METHODS
tumors fail to respond to antiestrogen therapy and are consid-
ered to be tamoxifen-resistéht. Moreove, the majority of ~ Patients and tissuesTissue samples of primary breast
ER+ tumors that initially respond to antiestrogen therapycancer and akary lymph nodes were ¢dined from 90 fe-
will eventually develop resistance to this therapy withoutmale Japanese patients who underwent mastectomy at the
necessarily altering their ER profife.It has been reported Sagara Hospital (Kagoshima). Patients showed three dif-
that muitations in theER gene occur at a low frequency and ferent hormone receptor statuses determined by the dext-
do not account fomost estrogen-independent, tamoxifen-re- ran-coated charcoal (DCC) separation method as follows:
sistant breast tumors, and that the ER-negatiRe-pheno- 54 ER+/PgRt, 15 ERH/PgR- or 21 ER/PgR-. Twenty-
type is not the result of mutations in the coding region of theseven biopsy samples were alsdaited from recurrent
ERgene in the majority of primary breast cancéefs.Taplin breast cancer patients. Hormone receptor statuses of pri-
et al. reported that mutations of the androgen-receptor genemary breast cancer determined by the DCC separation
in metastatic prostate cancer are not uncommon and mayethod were as follows: 13 EAPgRt, 14 ER-/PgR-. In
provide a selective growth advantage after androgen ablat0 cases, the tumor represented a local recurrence in the
tion® Therefore, we hypothesized tHzR gene alterations breast, whereas in 17 cases the recurrence wasféaramti
in ER+ breast cancer may be more frequent in metastatisite (2 lymph node metastases, 9 skin nodules, 5 chest wall,
sites than in primary tumors. There have been a few reporend 1 musie). All patients were histologilg diagnosed
concerningER mutations in metastatic breast carfc® Al- as invasive ductal carcinoma according toWwald Health
though treatment of metastatic breast cancer based on the ERganization typing scheme for breast tum@rsThe pres-
status of the primary tumor builds on the assumption that thence of metastatic or recurrent breast cancer wascatfi
ER status is equivalent between the primary and the metdsy histological examination.
static tumors, their correspondence is controvetdtal. To Microdissection and DNA extraction Pieces of axillary
gain further insight into ER expression and mutations in mettymph nodes or recurrent breast cancer tissues were fixed in

10% neutrally bffered formalin for 24 h, and embedded in

3To whom correspondence and reprint requests should be a@@rdfin. Microdissection and DNA extraction were per-
dressed. formed as described previous?
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Tablel.  ER Primers Used for PCR Amplification of DNA
Name Sequence Location Product size (bp)
2F 5-CCCAGGCCAAATTCAGATAA Intron 1-699, exon 2 216
2R CGTTTTCAACACACTATTAC Intron 2
3F GTCCTCTTGCTTTTAATAGG Intron 2-876, exon 3 156
3R TGGGAGAGATGTACCTACCA 99 intron 3
4F CCAAGCCCGCTCATGATCAA 1109, exon 4 240
4R GCTGCGCTTCGCATTCTTAC Intron 4
5F GCTTGTTTTCAGGCTTTGTGG Intron 4-1337, exon 5 171
5R GCTACAGCCAGGTCACTTAC Intron 5
6F GCTATGTTTTCATAGGAACC Intron 5-1472, exon 6 168
6R TCTTGTGTTATCAACTCACC 160% intron 6
TF CTCTCTCTCTGCGCATTCAG Intron 6 224
7R GAAGCCCAGAGATGCCTCAC Intron 7
8F CTGTGTCTTCCCACCTACAG Intron 7 198
8R ATGCGATGAAGTAGAGCCCG 1963, exon 8

Polymerase chain reaction (PCR), subcloning and se- Immunohistochemistry After blocking of endogenous
quencing Oligonucleotide primers were synthesized using peroxidase activity, deparaffinized sections ({®) were

a 392 DNA synthesizer (Applied Biosystems Inc., Fosterpredigested in 10 M citrate buffer (pH 6.0) by microwav-
City, CA). Seven sets of PCR primers were designed foing (500 W, full power) for 15 min. After cooling for 60
analysis of genomic DNA according to the intron/exon lo-min, sections were incubated with monoclonal anti-human
cations defined by Ponglikitmongket al’® All hormone- ER antibody 1D5 (Immunotech, France) or monoclonal
binding domains were examined. ERetastatic tumors anti-human PgR antibody (diluted 1:40, Novocastra, UK)
with ER+ primary tumors by immunohistochemical analy- overnight at 4°C in moist chambers. The sections were in-
sis were screened with exons 2 and 3 besides hormoneubated with biotinylated goat anti-mouse immunoglobulin
binding domain. The primer sequences, expected sizes dfliluted 1:150, Vector Lab., UK) for 10 min and horserad-
the PCR products, and their locations within EfR gene  ish peroxidase-conjugated streptavidin complex (diluted
are shown in Table I. Genomic DNA (Qg) was ampli-  1:100, Zymed, CA). To visualize immunoreactivity, we
fied in 50l reaction mixtures containing 20NMnTris-HCI used diaminobenzidine/d, (1 mg/ml) in phosphate-buff-
(pH 8.8), 10 MM KCI, 2 mM MgCl,, 10 mM (NH,),SO,, ered saline (PBS) as the substrate. Previously defined
0.1% Triton X-100, 100ug/ml bovine serum albumin strongly ER- or PgR- tumors were used as positive con-
(BSA), 200 nM each deoxynucleotide triphosphat&$u trols. Negative control sections were processed immuno-
polymerase (2.5 U, Stratagene, La Jolla, CA) and each olihistochemically without the primary antibodies (replaced
gonucleotide primer (LM). PCR conditions were as fol- by PBS containing 1.0% bovine serum albumin). Non-
lows: initial denaturation at 94°C for 5 min and then 35 metastatic lymph nodes in the same sections also served as
cycles of 1 min at 94°C for denaturation, 1 min at 50-57°Cnegative controls.

for annealing, and 2 min at 72°C for elongation using aHormone receptor analysisER and PgR levels were de-
thermal cycler (Astek, Fukuoka). Agarose gel-purified termined by the DCC separation method (Biomedical Lab.,
PCR products were subcloned into thedRV site of  Tokyo) with cut-off values of 14 and 13 fmol/mg protein,
pBlueScript Il SK¢) (Stratagene). Bacterial colonies con- respectively.

taining the correct inserts were screened by direct colonyAssessment of immunostainingNuclear staining was in-
PCR using both M13 foward and reverse primers, and multerpreted as positive when more than 20% of nuclei were
tiple isolates from each patient were selected. Both strandstained®

of the insert were sequenced by the double-stranded DNA

dideoxy sequencing method using Sequenase (AmershanBESULTS

Base changes were determined to be mutations rather than

Pfu polymerase errors on the basis of their identification in  We first examinedER gene mutations and/or polymor-
multiple plasmids and their isolation after a second indephisms in the hormone-binding domain in genomic DNA
pendent round of PCR amplification and analysis. extracted from 22 metastatic lymph nodes with+ERR+
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Fig. 1. Identification of one neutral polymorphism and five missense mutations BRtgene in metastatic (a, d, f), recurrent (b, c) or
primary (e) human breast cancer. a, C1207G(Pro325Pro) in exon 4; b, G1178A(Val316lle) in exon 4; ¢, C1263A(Gly344Val) in exon
d, C1521T(Ala430Val) in exon 6; e, C1532T(R434W) in exon 6; f, G1713T(Gly494Val) in exon 7.

(15 samples) or ERPgR- (7 samples) primary tumors polymorphism in codon 325 in exon 4 [CCC(Ps0)
and 13 recurrent tumors with ERPgRt+ primary tumors  CCG(Pro)] was detected in 18 (81%) metastatic lymph
(Fig. 1). No deletions or insertions were found. Of 22nodes and 13 (100%) recurrent tumors. In total, 90 meta-
metastatic lymph nodes, two (9%) missense mutationstatic lymph nodes and 27 recurrent tumors were examined
were detected: Tumor #18, codon 430 in exon 6immunohistochemically (Figs. 2 and 3). The results of im-
[GCT(Ala)- GTT(Val)], Tumor #3, codon 494 in exon 7 munostaining are summarized in Tables Il and Ill. Among
[GGC(Gly)- GTC(Val)]. Of 13 recurrent tumors, two 59 metastatic lymph nodes with ERgR+ primary tu-
(15%) missense mutations were detected: Tumor #48nors, 47 (88%) had the same status as the primary tumor.
codon 316 in exon 4 [GTC(VahATC(lle)]; Tumor #59, Only 4 (6.7%) tumors had changed to -ERAmong 10
codon 344 in exon 4 [GGC(GIWGTC(Val)]. The primary  metastatic lymph nodes with EFPgR- primary tumors, 8
tumors #18, #3, #48 and #59 contained only wild-type se{80%) had the same status as the primary tumor. Among
quences in codons 430, 494, 316 and 344, respectively. EX-2 recurrent tumors with EfRPgR+ primary tumors, 8 had
pression of ER and PgR was maintained between primarthe same status as the primary tumor, but 4 had become
and metastatic or recurrent tumors in samples #18, #3, #48gR-.  All metastatic lymph nodes and recurrent tumors
and #59. Primary tumor #18 had a missense mutation iwith ER-/PgR- primary tumors had the same status as the
codon 434 in exon 6 [TCG(Arg)TTG(Trp)]. Neutral  primary lesion.
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tions in those lesions may be more frequent than in primary
lesions. Recently, an anti-ER antibody, ER1D5, has be-

- ® ‘.'..‘__ WQ‘ ‘ come available which performs well in formalin-fixed par-
f,..‘ " e\ 8 affin-embedded sections in combination with antigen re-
., -fi. 0 0w, trieval techniqued? It was reported that ER immunohis-
5% ~ae¥e ‘.‘O & tochemistry in paraffin-embedded tissues with ER1D5 pre-
A ‘3’ ."..r dicted breast cancer endocrine response more accurately

than did that with H222Spin frozen sections or cytosol-

Fig. 3. Metastatic breast cancer in the regional lymph node showdased ligand-binding assays.However, in most previous

ing nuclear staining with anti-PgR monoclonal antibo380).

DISCUSSION

studies concerning changeskfR expression, ER1D5 was
not used in combination with antigen retrieval technidtfés.
Although our immunohistochemical study using ER1D5 re-
vealed that ER phenotype was highly preserved through
disease progression, Johnstiral'® reported thaER and

PgR expression were significantly reduced at relapse using
the same antibody and techniques. This discrepancy may

Although ER-splicing variants have been shown to behave been due to the difference in the number of cases in-

ubiquitous in human breast cané&the number of natu- vestigated, and therefore further studies with larger num-
rally occurring missense mutations identified in primary bers of patients are needed. Sndthal®® reported arER
breast cancers to date is extremely low. As most reportethutation [CGA (Arg) to TGA (stop)] at codon 157 in exon
mutations in th€ER gene are present in the hormone-bind- 2, resulting in a severely truncated ER protein which may
ing domaint® we focused on this region. We used se-not be recognized by ER1D5 monoclonal antibody, because
guence analysis, since it is expected to be more sensitiie epitope for this antibody lies in the N-terminal domain
than PCR-single strand conformation polymorphism analy{A/B region)}” To exclude the possibility that negative
sis, which is estimated to be capable of detecting about 88hanges inER expression may be caused by such muta-
% of gene mutations. Karnit al® reported a single base tions, we performed sequence analysis of exons 2 and 3 be-
pair deletion in exon 6 in one of five metastatic breast cansides the hormone-binding domain in 4 cases with negative
cer tissues. Zhangt al® also found three missense muta- changes irER expression. However, we found no muta-
tions in 30 metastatic breast cancer patients. We identifietlons in these regions. Therefore, the reason for the nega-
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tive change inER expression remains unknown. In our found in the present study have not been reported previ-
study, negative changeshgRexpression at relapse (33%) ously, functional analyses of these ER mutants are neces-
was identified more frequently than in metastatic lymphsary. Treatments of metastatic breast cancer based on the
nodes (6.7%). ERtumors withPgRexpression have been ER status of the primary tumor build on the assumption
shown to be more likely to benefit from endocrine ther-that the ER status is equivalent between the primary and
apy!® Therefore, it was speculated that tumors with negathe metastatic tumors. Therefore, it might be useful to in-
tive changes iPgR expression might have an altered ER vestigate the presence of ER mutants with altered hormone

function which provides a growth advantage. Our nextresponses or negative change$@R expression in meta-
study will focus on the endocrine response in the grougstatic or recurrent breast cancer, in order to provide more

with negative changes

inPgR expression in the

metastatic lymph nodes. There have been two functional

studies of naturally occurringER mutations, Tyr537Asn
and Asp351Tyr.

The former mutant demonstrated potent,

information to aid the choice of adjuvant therapy.
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As the ER mutations
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