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Abstract For the first time, combined immunopheno-
typing and fluorescence in situ hybridization (FISH)
technique according to the “fluorescence immunopheno-
typing and interphase cytogenetics as a tool for investi-
gation of neoplasms’ (FICTION) technique have been
successfully applied in solid tumors. Thus, we were able
to visualize the antigen expression of cells with chromo-
somal deletions of a tumor suppressor region directly. In
six breast carcinoma cell lines, we investigated the corre-
lation between estrogen receptor (ER) expression status
and deletions of the estrogen receptor gene (ESR). To
screen for deletions of the ESR gene, dual-color FISH
was performed with a YAC (yeast artificial chromo-
some) probe containing the ESR gene and, as internal
control, with a centromeric probe of chromosome 6. De-
letions of the ESR gene were detected in four of six cell
lines. For direct comparison of ER expression with the
copy number of the ESR gene at the single cell level, im-
munophenotyping with mouse anti-human ER antibody
was combined with FISH with the YAC probe containing
the ESR gene according to the FICTION technique.
There was no correlation between lack of or reduced ER
expression and deletions of the ESR gene. One cell line
with deletions of the ESR gene did express ER on the
protein level, while another cell line without a deletion
did not. Cells with deletions of the ESR gene were either
ER expression positive or negative. The staining intensi-
ty of ER expression was not associated with the copy
number of the ESR gene. Thus, this FICTION study un-
equivocally shows that deletions of the ESR gene are not

Y. Zhang - R. Siebert - P Matthiesen - S. Harder

B. Schiegelberger ([])

Department of Human Genetics, University of Kiel,
Schwanenweg 24, D-24105 Kiel, Germany

e-mail: schlegelberger@medgen.uni-kiel.de

Tel.: +49-431-5971781, Fax: +49-431-5971880

M. Theile - S. Scherneck
Department of Tumor Genetics,
Max-Delbriick-Center for Molecular Medicine, Berlin, Germany

the major cause of absent or reduced ER expression in
breast carcinoma cell lines.
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Introduction

Deletions of the long arm of chromosome 6 (6q) occur
frequently in breast cancer, ovarian carcinoma and mela-
noma as well as in hematological neoplasms [2, 6, 22,
27]. Loss of heterozygosity (LOH) studies have shown
6q to be the second major site of LOH in breast cancer
[5]. A commonly deleted region of 6g23-25.2 including
the ESR (estrogen receptor) gene, which is localized at
6025.1, was identified in microdissected breast cancer
specimens [7]. Suppression of tumorigenesis and metas-
tases of breast carcinoma cells after introduction of a
norma chromosome 6 by microcell-mediated transfer
further confirmed that one or more tumor suppressor
genes responsible for the progression of breast carcino-
ma are localized on 6q [17, 26].

Estrogen receptor (ER) expression of breast carcino-
mas has been associated with response to treatment and
with disease-free survival [8]. It is well known that the
predominant factor determining ER expression is the ac-
tivity of the array of promoters that control its expression
rather than mutations or gene deletions. To demonstrate
the feasibility of simultaneous fluorescence immuno-
phenotyping and fluorescence in situ hybridization
(FISH) according to the fluorescence immunophenotyp-
ing and interphase cytogenetics as a tool for investiga-
tion of neoplasms (FICTION) technique [30] for the
study of solid tumors, we investigated the correlation be-
tween ER expression status and deletions of the ESR
gene in six breast carcinoma cell lines by directly com-
bining immunophenotyping with a monoclonal mouse
anti-human ER antibody and FISH with a YAC DNA
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probe containing the ESR gene. No correlation between
absent or reduced ER expression and deletions of the
ESR gene was observed.

Materials and methods

Cell lines

Six breast carcinoma cell lines (BRC230, CAL51, MCF-7, MDA-
MB-231, R103 and T-47D) were studied. MCF-7 and T-47D were
known to be ER expression positive, while CAL51, BRC230 and
MDA-MB-231 were negative [3, 9, 33].

Probes

The YAC 19111F probe containing the ESR gene was obtained
from ICRF (Cambridge, UK) [16]. The Alu-PCR product of the
YAC probe was biotinylated using a commercial BioPrime label-
ing kit (Gibco/BRL, Rockville, Md.) according to the manufactur-
er’'s instructions. A digoxigenin-labeled D6Z1 probe specific for
the centromeric region of chromosome 6 (Oncor, Gaithersburg,
Md.) served as an internal control to determine the copy number
of chromosome 6. For control studies, chromosome preparations
from PHA-stimulated peripheral blood of five healthy donors were
used.

Dual-color FISH

To screen for deletions of the ESR gene, dual-color FISH was per-
formed as previously described [29]. The hybridization mixture
contained 50% formamide, 10% dextran sulfate, 2xSSC, 10 ug/ul
human Cot-1 DNA, 40 ng/pl YAC probe and 1 ng/pl D6Z1 probe.
The biotinylated YAC 19111F probe and the digoxigenin-labeled
D6Z1 were visualized by Cy3 and FITC, respectively.

Combined immunophenotyping and FISH study

Combined immunophenotyping and FISH according to the FIC-
TION technique was performed as previously described [30]. A
monoclonal mouse anti-human ER antibody (Dakopatts, Ham-
burg, Germany) was used and was visualized by Cy3. After im-
munophenotyping the slides were fixed in 3:1 methanol:acetic ac-
id fixative and in 1% paraformaldehyde, followed by dehydrating
in a series of 70%, 85% and 100% ethanol. FISH with a biotinyla-
ted YAC 19111F probe was performed as described above. The
YAC probe was visualized by FITC.

For semi-quantitative determination of ER expression, T-47D,
which is known to be ER expression positive, was used as positive
control [3, 33]. Positive cells showed strong nuclear, but not cyto-
plasmic, red fluorescence. The staining intensity was graded into
three levels: -, + and ++ [10, 14, 15]. If more than 20% of cells
showed at least + level staining, the cell line concerned was con-
sidered to be ER expression positive [14, 24].

Evaluation and documentation

FISH and FICTION results were analyzed under a Zeiss fluores-
cence microscope with appropriate filter sets. For documentation,
the ISIS imaging software (Metasystem, Althussheim, Germany)
was used.

Results
Control FISH study

FISH on normal chromosome preparations showed that
the YAC 19I111F probe was nonchimeric and hybridized
specifically to 6g25.1 [16]. On the basis of extensive con-
trol studies on phytohemagglutinin-stimulated peripheral
lymphocyte cultures from five healthy donors, the cut-off
limit for detecting 6q deletions was set at 10%, which
was above the highest cut-off level calculated as the
mean of false-positive cells in control studies plus three
standard deviations for any of the analyzed 6q YACs.
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CAL51 90% and 95% of cells were ER positive and nega-
tive, respectively. In BRC230, which had a deletion of the
ESR genein al cells, 88% of cellswere ER negative.
Direct comparison of ER expression with deletions of
the ESR gene at the single cell level confirmed these re-
sults. Deletions of the ESR gene were detected both in
ER-positive and ER-negative cells (Table 1). There were
ER-negative cells without deletions and ER-positive
cells with deletions (Fig. 2). Moreover, there was no cor-
relation between the intensity of ER expression and the
copy number of the ESR gene. Cells with two regular
copies and cells with more than three copies of the ESR
gene showed similar ER expression intensity (Fig. 3).

Discussion

In this study, simultaneous fluorescence immunophenotyp-
ing and FISH to detect chromosomal deletions of a tumor
suppressor region was successfully applied for the first
time in solid tumors. It was demonstrated in a series of
breast carcinoma cell lines by directly comparing ER ex-
pression status and deletions of the ESR gene at the single
cell level. This technique allows simultaneous display of
the immunophenotype and certain genotypic changes of
single tumor cells and has been shown to be feasible and
very useful in the study of hematological neoplasms [31,
32, 34]. For detection of ESR gene deletion, we assumed
that differences in signal numbers, i. e. lower numbers of
hybridization signals of the YAC 191 11F probe than of the
D6Z1 probe, indicated a deletion of the ESR gene. Never-
theless, we cannot exclude the possibility that this signa
constellation is due to a gain of the short arm or the proxi-
mal part of the long arm of chromosome 6 including the
centromere. Using the criteria defined above, deletions of
the ESR gene were detected by dual-color FISH in four of
the six breast carcinoma cell lines studied. By LOH stud-
ies, deletions of the ESR gene were detected in 27-41% of
native breast cancers [4, 20, 26, 35]. Deletions of 6025.1,
the location of the ESR gene, were revealed by chromo-
some analysis and by comparative genomic hybridization
(CGH) studies in 11% and in 14% of breast cancers, re-
spectively [12, 19, 22, 27]. Thus, FISH and LOH studies
seem to be more sensitive than chromosome analysis or
CGH studiesfor detecting deletions of the ESR genes.

Our study revealed no consistent relationship between
absent or reduced ER expression and deletions of the
ESR gene in breast carcinoma cell lines. There were ER
expression-positive cell lines that indeed contained dele-
tions of the ESR gene and ER expression-negative cell
lines carrying a regular number of ESR genes. Moreover,
deletions of the ESR gene occurred in both ER-positive
and ER-negative cells. Cells with two regular copies and
cells with more than two copies of the ESR gene showed
similar ER expression intensity. Thus, a gene dosage ef-
fect attributable to deletions of the ESR gene seems not
to be the major cause of negative ER expression.

Our results were in agreement with those of previous
studies. In a series of 95 breast cancers, Magdelenat et a.
[13] compared ER expression levels measured by a fluori-

metric assay and deletions of 6q as detected by chromo-
some anaysis. Mgor variations in ER expression were
shown to be independent of the assumed copy numbers of
the ESR gene. Nevertheless, the authors suggested that
gene dosage effect had a secondary, but significant, addi-
tional role. Sauer et al. [24], who used immunocytochemis-
try assay and FISH with a centromeric probe for chromo-
some 6, found no correlation between ER positivity or the
percentage of ER-positive nuclei and numerical aberrations
of chromosome 6 in breast cancers. In LOH studies, most
breast carcinomas with LOH at the ESR gene locus were
ER expression positive. No significant relationship be-
tween LOH at the ESR gene locus and ER expression sta-
tus was observed [1, 4, 5, 7, 11]. Moreover, the amplifica
tion level of the ESR gene was found not to be associated
with the level of ER expression [18]. Nevertheless, none of
these studies directly compared ER expression status and
deletions of the ESR gene at the single cell level.

So far, the mechanisms which control and regulate ER
expression in breast carcinoma have not been elucidated.
Alterations at the genomic, transcriptional or post-tran-
scriptional level and changes in regulatory units of the
ESR gene may be responsible for loss of ER expression.
Several studies failed to show recurrent mutations, large
genomic deletions, rearrangements or gene amplification
of the ESR gene in breast cancer [23]. However, exten-
sive methylation of the CpG idand in the 5’ promoter re-
gion of the ESR gene is associated with loss of ER ex-
pression in breast cancer [21]. A number of variations of
the ESR upstream regulatory region were identified from
the MCF-7 and MDA-MB-231 breast cancer cell lines,
and some of them were found to be associated with re-
duced ER expression [25].

Moreover, dternative splicing of the ESR gene is appar-
ently afrequent event in breast tumors and may be involved
in the silencing of ER expression. Several variant ESR
MRNAS containing deletions of different exons, which
might result from alternative splicing or from genomic mu-
tations, were reported in BT-20, MCF-7, and T-47D [3, 8,
33]. Most of these variants lack hormone-binding domains
and are expected to behave as dominant-negative effectors
of wild-type ER [8, 28]. The variants may also result in
truncated proteins, which are possibly not recognized by
antibodies used in histochemica studies. Therefore, in addi-
tion to microscopicaly visible deletions, variations of the
ESR upstream regulatory region and aberrant splicing
might account for clinically relevant lack of ER expression.

In summary, we have demonstrated for the first time
the feasibility of simultaneous fluorescence immuno-
phenotyping and FISH to detect chromosomal deletions
on solid tumor cells by directly comparing ER expres-
sion status and deletions of the ESR gene at the single
cell level in a series of breast carcinoma cell lines and
found no consistent correlation between absent or re-
duced ER expression and deletions of the ESR gene. De-
letions of the ESR gene do not seem to be the magjor
cause of ER expression negativity.

Acknowledgments This study was supported by the Deutsche
Krebshilfe (grant no. 10-0992-Schl 3).



References

1

10.

11

12.

13.

14.

15.

16.

17.

18.

Aldaz CM, Chen T, Sahin A, Cunningham J, Bondy M (1995)
Comparative allelotype of in situ and invasive human breast
cancer: high frequency of microsatellite instability in lobular
breast carcinomas. Cancer Res 55:3976-3981

. Bieche, Lidereau R (1995) Genetic alternationsin breast can-

cer. Genes Chromosom Cancer 14:227-251

. Castles CG, Fuqua SAW, Klotz DM, Hill SM (1993) Expres-

sion of a constitutively active estrogen receptor variant in the
estrogen receptor-negative BT-20 human breast cancer cell
line. Cancer Res 53:5934-5939

. Chappell SA, Walsh T, Walker RA, Shaw JA (1997) Loss of

heterozygosity at chromosome 6q in preinvasive and early in-
vasive breast carcinoma. Br J Cancer 75:1324-1329

. Devilee B, van Vliet M, van Sloun P, Kuipers Dijkshoorn

N, Hermans J, Pearson PL, Cornelisse CJ (1991) Allelo-
type of human breast carcinoma: a second major site for loss
of heterozygosity is on chromosome 6¢. Oncogene 6:1705—
1711

. Dutrillaux B, Gerbault-Seureau M, Zafrani B (1990) Charac-

terization of chromosomal anomalies in human breast cancers.
A comparison of 30 paradiploid cases with few chromosome
changes. Cancer Genet Cytogenet 49:203-217

. Fujii H, Zhou W, Gabrielson E (1996) Detection of frequent

allelic loss of 6023-25.2 in microdissected human breast can-
cer tissues. Genes Chromosom Cancer 16:35-39

. Fugua SAW, Chamness GC, McGuire WL (1993) Estrogen re-

ceptor mutationsin breast cancer. J Cell Biochem 51:135-139

. Gioanni J, Le Frangois D, Zanghellini E, Mazeau C, Ettore F,

Lambert JC, Schneider M, Dutrillaux B (1990) Establishment
and characterisation of a new tumorigenic cell line with a nor-
mal karyotype derived from a human breast adenocarcinoma.
Br J Cancer 62:8-13

Goulding H, Pinder S, Cannon P, Pearson D, Nicholson R,
Snead D, Bell J, Elston CW, Robertson JF, Blamey RW/(1995)
A new immunohistochemical antibodies for the assessment of
estrogen receptor status on routine formalin-fixed tissue sam-
ples. Hum Pathol 26:291-294

lwase H, Greenman JM, Barnes DM, Bobrow L, Hodgson S,
Mathew CG (1995) Loss of heterozygosity of the estrogen re-
ceptor genein breast cancer. Br J Cancer 71:448-450

LuYJ Xiao S, Yan YS, Fu SB, Liu QZ, Li P (1993) Direct
chromosome analysis of 50 primary breast carcinomas. Cancer
Genet Cytogenet 69:91-99

Magdelenat H, Gerbault-Seureau M, Dutrillaux B (1994) Re-
lationship between loss of estrogen and progesterone receptor
expression and of 6q and 11q chromosome arms in breast can-
cer. Int J Cancer 57:63-66

McCarty KS J, Miller LS, Cox EB, Fu SB, Konrath J,
McCarty KS Sr (1985) Estrogen receptor analyses. Correlation
of biochemical and immunohistochemical methods using
monoclona antireceptor antibodies. Arch Pathol Lab Med
109:716-721

McClelland RA, Finlay P, Walker KJ, Nicholson D, Robertson
JF, Blamey RW, Nicholson RI (1990) Automated quantitation
of immunocytochemically localized estrogen receptors in hu-
man breast cancer. Cancer Res 50:3545-3550

Menasce LP; White GR, Harrison CJ, Boyle M (1993) Local-
ization of the estrogen receptor locus (ESR) to chromosome
6025.1 by FISH and a simple post-FISH banding technique.
Genomics 17:263-265

Negrini M, Sabbioni S, Possati L, Rattan S, Coralini A,
Barbanti-Brodano G, Croce CM (1994) Suppression of tumor-
igenicity of breast cancer cells by microcell-mediated chromo-
some transfer: studies on chromosomes 6 and 11. Cancer Res
54:1331-1336

Nembrot M, Quintana B, Mordoh J (1990) Estrogen receptor
gene amplification is found in some estrogen receptor-positive
human breast tumors. Biochem Biophys Res Commun 166:
601-607

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

275

Nishizaki T, DeVries S, Chew K, Goodson WH 1l1, Ljung BM,
Thor A, Waldman FM (1997) Genetic alternations in primary
breast cancers and their metastases: Direct comparison using
modified comparative genome hybridization. Genes Chrom-
osom Cancer 19:267-272

Noviello C, Courja F, Theillet C (1996) Loss of heterozygosi-
ty on the long arm of chromosome 6 in breast cancer: possibly
four regions of deletion. Clin Cancer Res 2:1601-1606
Ottaviano YL, Issa JP, Parl FF, Smith HS, Baylin SB, David-
son NE (1994) Methylation of the estrogen receptor gene CpG
island marks loss of estrogen receptor expression in human
breast cancer cells. Cancer Res 54:2552—2555

Pandis N, Jin Y, Gorunova L, Petersson C, Bardi G, ldvall I,
Johansson B, Ingvar C, Mandahl N, Mitelman F (1995) Chro-
mosome analysis of 97 primary breast carcinomas: identifica-
tion of eight karyotypic subgroups. Genes Chromosom Cancer
12:173-185

Roddi N, Bailey LR, Kao WY, Verrier CS, Yee CJ, Dupont
WD, Parl FF (1995) Estrogen receptor gene analysis in estro-
gen receptor-positive and receptor-negative primary breast
cancer. JNatl Cancer Inst 87:46-51

Sauer T, Beraki K, Jebsen PW, Ormerod E, Naess O (1997) In
situ hybridization of chromosome 6 on fine-needle aspirates
from breast carcinomas: comparison of numerical abnormali-
ties and ER/PgR status and staining pattern. Diagn Cytopathol
16:420-424

Sullivan JA, Cohen CS, Hill SM (1997) Identification of se-
guence aternations in the upstream regulatory region of the
estrogen receptor gene in an ER-negative breast cancer cell
line. Cancer Lett 113:131-139

Theile M, Seitz S, Arnold W, Jandrig B, Frege R, Schlag PM,
Haensch W, Guski H, Winzer KJ, Barrett JC, Scherneck S
(1996) A defined chromosome 6q fragment (at D6S310) har-
bors a putative tumor suppressor gene for breast cancer. Onco-
gene 13:677-685

Trent J, Yang JM, Emerson J, Dalton W, McGee D, Massey K,
Thompson F, Villar H (1993) Clona chromosome abnormali-
ties in human breast carcinomas. Il. Thirty-four cases with
metastatic disease. Genes Chromosom Cancer 7:194-203
Wang Y, Miksicek RJ (1991) Identification of a dominant neg-
ative form of the human estrogen receptor. Mol Endocrinol
5:1707-1715

Weber-Matthiesen K, Deerberg J, Miller-Hermelink A,
Winkemann M, Schlegelberger B, Grote W (1992) Rational-
ization of in situ hybridization: testing up to 16 different
probes on asingle slide. Cancer Genet Cytogenet 68:91-95
Weber-Matthiesen K, Winkemann M, Miller-Hermelink A,
Schlegelberger B, Grote W (1992) Simultaneous fluorescence
immunophenotyping and interphase cytogenetics: a contribu-
tion to the characterization of tumor cells. J Histochem Cyto-
chem 40:171-175

Weber-Matthiesen K, Deerberg J, Poetsch M, Grote W, Schlegel-
berger B (1995) Numerical chromosome aberrations are present
within the CD30+ Hodgkin and Reed-Sternberg cellsin 100% of
analyzed cases of Hodgkin's disease. Blood 86:1464-1468
Weber-Matthiesen K, Deerberg-Wittram J, Rosenwald A,
Poetsch M, Grote W, Schlegelberger B (1996) Translocation
t(2;5) is not a primary event in Hodgkin's disease. Am J Pa-
thol 149:463-468

Zhang QX, Borg A, Fugua SAW (1993) An exon 5 deletion
variant of the estrogen receptor frequently coexpressed with
wild-type estrogen receptor in human breast cancer. Cancer
Res 53:5882-5884

Zhang Y, Poetsch M, Weber-Matthiesen K, Rohde K, Winke-
mann M, Haferlach T, Gassmann W, Ludwig WD, Grote W,
Loffler H, Schlegelberger B (1996) Secondary acute leukae-
mias with 11923 rearrangement: clinical, cytogenetic, FISH
and FICTION studies. Br JHaematol 92:673-680

Zheng ZM, Marchetti A, Buttitta F, Champeme MH, Campani
D, Bistocchi M, Lidereau R, Callahan R (1996) Multiple re-
gions of chromosome 6q affected by loss of heterozygosity in
primary human breast carcinomas. Br J Cancer 73:144-147



