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The imbalance between proliferative and differentiative estrogenic effect, caused by quantitative
and qualitative alteration of the estrogen receptor (ER) expression, may play a determinant
role in mammary neoplastic transformation. Our studies demonstrate that ER levels are
significantly higher in human mammary neoplastic tissues when compared to perineoplastic
tissues and that increased ER expression is associated with ER gene hypomethylation. During
progressive multifactorial carcinogenesis, ER overexpression may represent an early step in
neoplastic transformation. In fact, high levels of ER represent good markers of differentiation
and can predict the likelihood of benefiting from anti-estrogen therapy. Nevertheless, about 359,
of ER-positive breast cancers are resistant to endocrine therapy and 10% of ER-negative
tumors behave as hormone-sensitive tumors. Recent studies on ER mRNA variants, which
naturally occur in human breast tumors, demonstrated mutations, deletions and alternative
splicings, yielding deletions of exons 3, 4, 5 and 7. ER variants exhibited altered functions or
changed the responsiveness to hormonal therapy. Analysis of these variants could be a useful
parameter to better predict tumor responsiveness to anti-estrogen therapy. Recently, a regain of
hormonal responsiveness by ER-negative breast cancer cells has been reported following ER gene
transfection. However, estradiol treatment inhibits rather than stimulates cell growth as well as the
metastatic and invasive potential of the ER gene transduced cells. Transfer of the ER gene may be
considered as a new therapeutic approach in the management of hormone-independent breast
cancer.

J. Steroid Biochem. Molec. Biol., Vol. 49, No. 4-6, pp. 327-331, 1994

Estrogens regulate mammary cell growth and differen- ER OVEREXPRESSION IN BREAST CANCER
tiation through interaction with a specific receptor (ER)
which binds to estrogen responsive DNA sequences
and regulates the expression of proteins involved in
mitogenic or differentiative processes. An appropriate
ER expression is required to control the physiological
estrogen responsiveness of target tissue. There is evi-
dence that demonstrates that an abnormal ER ex-
pression often occurs in breast cancer, suggesting that
an altered ER may play a determinant role in pathologi-
cal proliferation, neoplastic transformation and
progression.

Few studies on non-malignant breast ER have been
performed compared to the many reports done on
breast cancer [1-5]. Peterson ez al. [6] evaluated ER
frequency and distribution using immunohistochem-
istry in 18 biopsy specimens removed from patients
undergoing mammoplasty and found that stromal cells
were ER-negative and only 79, of epithelial cells were
positively stained, while 40-70%, of ER stained cells
were present in breast carcinoma [7, §].

Fabris ez al. [9] performed an immunocytochemical
analysis of ER on 150 samples including proliferative
and non-proliferative breast disease, atypical hyper-
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plasia and non-invasive i situ carcinoma as well as on
150 cases of breast cancer. They found that normal
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breast structures generally displayed a higher pro-
portion of negative cells, with positive cells showing a
degree of staining intensity lower than neoplastic cells.
In benign breast disease, ER expression was heteroge-
nous with low staining intensity. In contrast, in atypical
hyperplasia and #n situ carcinoma high ER expression
was observed also displaying a homogenous distri-
bution. In the latter case the enhanced and hom-
ogenous ER expression could modify the proliferative
capacity leading to autonomous growth. Breast cancer
exhibited high staining intensity in positive cells,
although with an heterogenous staining pattern, prob-
ably due to cancer clonal heterogeneity. Ricketts et al.
[10] investigated 143 fine needle aspirate and 40 biop-
sies from women with benign breast lump and
measured their ER levels using enzyme immunoassay.
ER levels ranged from 0 to 37 fmol/mg protein (mean:
4); these levels were significantly lower with respect to
the values measured in 126 women with breast cancer
(range: 0-139, mean: 37 fmol/mg protein). Following
evaluation of ER and progesterone receptors (PR) by
immunocytochemistry, they found that only 16°, of
the samples were ER-positive, setting a cutoff of 50%,
stained epithelial cells, based on response to endocrine
therapy. They described significantly higher ER-posi-
tivity in the follicular stage than in the luteal stage of
the cycle. PR staining was stronger than ER and 26%,
of the samples exhibited PR-positive cells. PR-positiv-
ity significantly correlated with ER status and showed
a tendency to increase with body mass index. Patients
with a family history of breast cancer showed signifi-
cantly higher PR-positivity.

We studied steroid receptor expression and ER gene
methylation in 37 neoplastic and in 35 perineoplastic
tissues from patients with primary breast cancer. ER
and PR were measured in the cytosol (¢) and in nuclear
extracts (n) by enzyme immunoassay, both in cancer
and in non-malignant tissues taken from the same
patients and compared with ER gene methylation. The
cytosolic and nuclear localization of steroid receptors
corresponded to a functional evaluation, nuclear steroid
receptors meaning the activated form, dissociated from
other protein complexes, able to bind to DNA hor-
mone-responsive element. The mean values of cytoso-
lic and nuclear steroid receptors were significantly
higher in the neoplastic samples (Fig. 1). To assess
steroid receptor positivity, we selected as threshold
values, 15 fmol/mg cytosolic protein and 50 fmol/mg
DNA for cytosolic and nuclear steroid receptors, re-
spectively, which corresponded to the objective re-
sponses to endocrine therapy. However, this
therapy-based criterion was not applied to non-neo-
plastic breast tissues. Because of the large incidence of
very low levels of ERc and PRc in perineoplastic
tissues, we selected Sfmol/mg cytosolic protein as a
cut-off, corresponding approximately to median values
for these parameters. Although there was a significant
linear positive correlation between cytosolic and nu-
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Fig. 1. Box plots for cytosolic (A) and nuclear (B) steroid

receptors in neoplastic (CaM) and perineoplastic (MN) tis-

sues. Boxes comprise levels from 25th to 75th percentile.

Horizontal bars indicate the median value. The ¢-test showed

significantly higher values of ERc (P =10.0003), PRc

(P =0.0001), ERn (P = 0.0063), and PRn (P = 0.0231) in neo-
plastic tissues.

clear steroid receptor levels (P = 0.0001 for ER and
P =0.0001 for PR), we found discordance between
ERc and ERn incidence in 269, of perineoplastic and
in 8% of neoplastic tissues. The discordance between
PRc¢ and PRn incidence was 319, in perineoplastic and
199, in neoplastic tissues. The lower discordance in
neoplastic tissues was due to the frequent steroid
receptor overexpression which occurred in the latter
samples. For clinical evaluation, we considered as
positive all samples which displayed at least one of
either cytosolic or nuclear steroid receptors. The over-
all steroid receptor incidence in neoplastic and perineo-
plastic breast tissues is shown in Table 1. Only the
incidence of ER was lower in perineoplastic tissues, and
the phenotype ER-PR*, usually not found in this
group of breast cancer, occurred in 14.3%, of perineo-
plastic tissue (Table 2). Thus, in the typical hormone-
dependent non-malignant breast tissue, we found lower
ER and PR levels and ER incidence, while PR

Table 1. Comparison of steroid recep -
tors status in neoplastic and perineo-
plastic tissues

Perineoplastic
Cancer tissues
ER* 28/37 20/35
(75.68%,) (57.14%)
PR* 24/37 24/35
(64.86%) (68.57%)
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Table 2. Incidence of paradoxal ER|PR
phenotype in neoplastic and perineoplastic
tissues

Receptor Perineoplastic
phenotype Cancer tissues
ER*PR- 4/37 1/35
(10.8%) (2.9%)
ER"PR* 0/37 5/35
0%) (14.3%)

incidence was comparable to that of malignant tissue.
This suggests that lower ER levels are sufficient to
promote PR expression in non-malignant tissue. We
evaluated ER gene methylation patterns in neoplastic
and non-malignant samples using Southern blot analy-
sis. The differences between Mspl and Hpall enzy-
matic restriction patterns led to an overall estimation of
ER gene methylation pattern. The ER gene was hy-
pomethylated more frequently in the neoplastic, 70%,
as compared to 259, in perineoplastic tissues. The
methylation status in both was inversely correlated to
ERc and ERn levels as well as to PRc and PRn (Fig. 2),
confirming that ER expression up-regulates PR levels.

In conclusion, we found a predominant phenotype in
non-malignant breast tissue characterized by a hyper-
methylated ER gene with low or undetectable steroid
receptor expression. Cell proliferation of less aggressive
hormone-dependent breast cancer appears to be linked
to ER gene hypomethylation and steroid receptors
overexpression, with a good likelihood of benefit from
tamoxifen therapy. During neoplastic progression,
more aggressive malignant phenotype is characterized
by negative steroid receptors and hormone-resistance.

Considering the low steroid receptor levels in normal
breast tissue, it appears that high ER levels are linked
to neoplastic breast tissues. In this regard, there are
many key issues to be considered. First, can we con-
sider non-malignant breast tissues with ER gene hy-
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Fig. 2. Comparison of steroid receptor levels (mean val-
ues + SE) on ER gene hypermethylated and hypomethylated
subgroups. Cytosolic and nuclear steroid receptors are ex-
pressed respectively as fmol/mg protein and fmol/mg DNA.
ER gene hypomethylated samples expressed significantly
higher levels of ERc (P =0.001), ERn (P = 0.0007), PRc

(P =0.0224), and PRn (P =0.0111).
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pomethylation and ER overexpression as high risk
samples? And secondly, what is the role of ER overex-
pression in breast neoplastic transformation? Is the ER
overexpression an epiphenomenon of neoplastic loss of
cell growth control, with dysfunction of the mechan-
isms that regulate ER expression? Or, can overex-
pressed ER be considered as an activated oncogene or
co-oncogene? Finally, is it possible to control patho-
logical proliferation by restoring physiological
regulation of ER?

ER VARIANTS IN BREAST CANCER

Following the cloning of ER ¢cDNA [11, 12], several
studies have been performed to screen for the presence
of structural abnormalities of ER in breast cancer.

Several authors [13, 14] have reported restriction
fragment length polymorphisms (RFLP) within the ER
gene, describing Pvull RFLP, with controversial data
regarding the correlation with ER and PR expression.
Subsequent studies [15] demonstrated that the se-
quences responsible for Pvull RFLP are located within
intron 1 of the ER gene. Wanless et al. [16] reported
an HindITI RFLP that appeared to be correlated with
increased PR expression.

We analyzed the restriction pattern of the ER gene
in 50 samples of neoplastic and perineoplastic breast
tissues. Twenty micrograms of extracted DNA were
digested with restriction enzymes, separated on 0.8%,
agarose gels, transferred to Gene Screen Plus filters and
hybridized with an ER probe. An 1.3 kb EcoRI frag-
ment of the plasmid pOR3 [11], kindly provided by Dr
P. Chambon, was used as a specific probe. We observed
the appearance of an extra 8.6-kb band and a parallel
decrease of the hybridization intensity of the 4.8-kb
band in 60% of both neoplastic and perineoplastic
tumors (Fig. 3). This restriction variant pattern was
also observed in 5 out of 23 meningiomas, but not in
the other brain tumors, or in peripheral blood lympho-
cytes obtained from healthy volunteers [17]. Thus, it
does not seem to be due to physiologically occurring
EcoRI RFLP. Hybridization with several ER ¢cDNA
fragments, spanning the different ER domains, showed
that the altered restriction pattern affected the genomic
region coding for the DNA binding domain [17]. Since
the appearance of the extra 8.6-kb variant band was
associated with a decrease in the hybridization intensity
of the 4.8-kb invariant band, the altered genomic
restriction pattern could arise from the involvement of
only one allele or from cellular heterogeneity. The
distribution of the ER gene EcoRI variant appeared to
be frequently associated with slightly higher steroid
receptor levels (Fig. 4).

The functional meaning of ER gene RFLPs remains
unclear. In some cases they could be related to intronic
sequences regulating ER expression.

Recent studies, concerning naturally occurring
ERmMmRNA variants, demonstrated the presence of
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Fig. 3. Southern blot analysis of genomic DNA extracted
from perineoplastic breast tissues (lanes 1, 3 and 5), primary
breast cancers (lanes 2, 4 and 6) and peripheral blood lym-
phocytes of healthy volunteers (lane 7). 10 ug of DNA were
digested with EcoRlI, electrophoresed on a 0.8%, agarose gel,
and transferred to nitrocellulose filters. The blots were hy-
bridized with a *P-labeled 1.3kb EcoRI fragment of the
plasmid pO3. The size of the EcoRI bands is indicated in
kilobases.

mutations, deletions and alternative splicing, yielding
deletions of exon 3, 4, 5 and 7 (reviewed in [18]) in
breast tumors. ER variants can exhibit altered func-
tions or change the responsiveness to hormonal
therapy. Jiang et al. [19] found that a point mutation
leading to the substitution of Val for Gly at codon 400
in the ligand binding domain of ER, resulted in the
enhanced estrogenic activity of 4-hydroxytamoxifen in
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Fig. 4. Comparison of steroid receptor levels (mean val-

ues + SE) in subgroups with invariant and variant EcoRI

genomic patterns of ER. Cytosolic and nuclear steroid recep-

tors are expressed respectively as fmol/mg protein and

fmol/mg DNA. The t-test did not show a significant differ-

ence of ERc (P = 0.0897), ERn (P =0.1714), PRc (P = 0.1381)
and PRn levels (P = 0.0839) in the two subgroups.

E. Petrangeli er al.

stable ER transfectants of the breast cancer cell line.
An ER mRNA variant, lacking exon 5, was able to
activate constitutively the estrogen-dependent tran-
scription [20]. In contrast, the exon 7 deleted ER
variant, abundant in some ER*PR™ breast tumors [21]
and the exon 3 deleted ER, expressed in the T47D cell
line [22], acted as dominant negative regulators of wild
type ER. The expression of the exon 4 deleted ER
mRNA variant in MCF7 and ZR75-1 has been de-
scribed recently [23], although its function was not
investigated. Scott er al. [24] showed that in 679, of
ER-positive tumors expressing a 50 kDa ER variant,
the receptor either did not bind or bound weakly to
estrogen-responsive element sequences. The identifi-
cation of ER variants could be a useful parameter to
identify some form of tumor responsiveness to anti-es-
trogen therapy. In fact, approx. 359%, of ER-positive
breast cancers are resistant to endocrine therapy and
10%, of ER-negative tumors behave as hormone-sensi-
tive tumors [25, 26]. The presence of dysfunctional ER
could explain unexpected responses to endocrine
therapy. Puntiform mutations may interfere with anti-
estrogen action. Tumors expressing deleted constitu-
tively activated ER can activate estrogen-responsive
gene expression, although expressing low ER levels.
The presence of high levels of negative dominant ER
may have a role in the hormone-dependence escaping,
determining the occurrence of different mechanisms to
induce cell growth.

FUTURE PERSPECTIVES FOR GENE THERAPY

Yiang et al. [27] and Garcia er al. [28] showed that
ER-negative breast cells transfected with ER ¢cDNA
regain hormonal sensitivity. However, the responsive-
ness to hormonal treatment was different from ER-
positive breast cancer. In fact, it has been reported that
the administration of pure anti-estrogen alone did not
induce any reduction of cell growth and invasive poten-
tial of the cell, while such effects were determined by
17-f -estradiol treatment. This paradoxic effect of 17-
p-estradiol was blocked by simultaneous adminis-
tration of anti-estrogens. These data appear to
contradict previous observations suggesting a possible
oncogenic role of ER overexpression and may be
related to a different role of ER in different stages of
malignant progression. Increased expression of ER
may have a pathogenetic role in the early phase of
neoplastic transformation, while the absence of de-
tectable levels of ER in the more advanced stages of
neoplastic progression may be considered as an epiphe-
nomenon related to tumor de-differentiation. The reac-
tivation or transfer of the ER gene may be considered
as a new therapeutic approach to limit growth and
invasiveness in the more aggressive ER-negative tu-
mors. Other experiments are required to define the final
goal of hormonal gene therapy in breast cancer. It
would be particularly beneficial to restore, not only the
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presence of ER, but also the physiological control of the
expression and the activity of the ER gene.

Acknowledgements—We thank Stacie Punturieri for English revision.
pOR3 was kindly provided by P. Chambon. This work is supported
by a grant from Progetto Finalizzato ACRO of CNR.

10.

11.

12.

REFERENCES

. DeSombre E. R., Carbone P. P., Jensen E. V., McGuire W. L.,

Wells S. A., Wittliff J. L. and Lipsett M. B.: Steroid receptors
in breast cancer. New Engl. ¥. Med. 301 (1979) 1011-1012.

. Marchetti E., Querzoli P., Moncharmont B., Parikh 1., Bagni A.,

Marzola A., Fabris G. and Nenci I.: Immunocytochemical
demonstration of estrogen receptors by monoclonal antibodies in
human breast cancer: correlation with estrogen receptor assay by
dextran-coated charcoal method. Cancer Res. 47 (1987)
2508-2513.

. Shek L. L. M. and Godolphin W.: Model for breast cancer

survival: relative prognostic roles of axillary nodal status, TNM
stage, estrogen receptor concentration, and tumor necrosis. Can-
cer Res. 48 (1988) 5565-5569.

. Kinsel L. B., Szabo E., Greene G. L., Konrath J., Leight G. S.

and McCarty K. S.: Immunocytochemical analysis of estrogen
receptors as predictor of prognosis in breast cancer patients:
comparison with quantitative biochemical methods. Cancer Res.
49 (1989) 1052-1056.

. Foekens J. A., Portengen H., van Putten W. L. J., Peters H. A.,

Krijnen H. L. J. M., Alexieva-Figusch J. and Klijn J. G. M.:
Prognostic value of estrogen and progesterone receptors
measured by enzyme immunoassays in human breast cancer
cytosols. Cancer Res. 49 (1989) 5823-5828.

- Peterson O. W., Hoyer P. E. and Van Deurs B.: Frequency

and distribution of estrogen receptor positive cells in normal,
non-lactating human breast tissue. Cancer Res. 47 (1987)
5748-5751.

- McClelland R. A, Berger U., Wilson P., Powless T. J., Trott

P. A, Easton D., Gazet J. C. and Coombes R. C.: Presurgical
determination of estrogen receptors status using immunocyto-
chemically-stained fine needle aspirate smears in patients with
breast cancer. Cancer Res. 47 (1987) 6118-6122.

. McClelland R. A., Berger U., Miller L., Powles T. and Coombes

R. C.: Immunocytochemical assay for ER in patients with breast
cancer, relationship to a biochemical assay and to outcome of
therapy. ¥. Clin. Oncol. 4 (1986) 1171-1176.

. Fabris G., Marchetti E., Marzola A., Bagni A., Querzoli P. and

Nenci I.: Pathophysiology of estrogen receptors in mammary
tissue by monoclonal antibodies. J. Steroid Biochem. 27 (1987)
171-176.

Ricketts D., Turnbull L., Ryall G., Bakhshi R., Rawson
N. S. B., Gazet J.-C., Nolan C. and Coombes R. C.: Estrogen
and progesterone receptors in the normal female breast. Cancer
Res. 51 (1991) 1817-1822. .

Green S., Walter P., Kuma V., Krust A., Bornert J. M., Argos
P. and Chambon P.: Human oestrogen receptor cDNA: se-
quence, expression and homology to v-erb-A. Nature 320 (1986)
134-139.

Greene G. L., Gilna P., Waterfield M., Baker A., Hort Y. and
Shine J.: Sequence and expression of human estrogen receptor
complementary DNA. Science 231 (1986) 1150-1154.

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23,

24.

25.

26.

27.

28.

Breast Cancer 331

. Castagnoli A., Maestri I. and Del Senno L.: Pvull RFLP inside
the human estrogen receptor gene. Nucleic Acids Res. 15 (1987)
866.

Hill S. M., Fuqua S. A. W., Chamness G. C. C., Greene G. L.
and McGuire W. L.: Estrogen receptor expression in human
breast cancer associated with an estrogen receptor gene restric-
tion fragment length polymorphism. Cancer Res. 49 (1989)
145-148.

Yaich L., Dupont W. D., Cavener D. R. and Parl F. P.: Analysis
of Pvull restriction fragment-length polymorphism and exon
structure of the estrogen receptor gene in breast cancer and
peripheral blood. Cancer Res. 52 (1992) 77-83.

Wanless C., Barker S., Puddefoot J. R., Panahy C., Goode
A. W, Vinson G. P. and Phillips I. R.: Somatic change in the
estrogen receptor gene associated with altered expression of the
progesterone receptor. Anticancer Res. 11 (1991) 139-142.
Vacca A., Fazio V. M., Gandini O., Oppido P., Delfini R., Frati
L. and Gulino A.: Altered restriction pattern of the putative
DNA binding domain of estrogen receptor or related genes in
primary human meningiomas. Int. . Cancer 43 (1989) 567-569.
McGuire, W. L., Chamness G. C. and Fuqua A. W.: Estrogen
receptor variants in clinical breast cancer. Molec. Endocr. 5 (1991)
1571-1577.

Jiang S. Y., Langan-Fahey S. M, Stella A. L., McCague R. and
Jordan V. C.: Point mutation of estrogen receptor (ER) in the
ligand-binding domain changes the pharmacology of antiestro-
gens in ER-negative breast cancer cells stably expressing comp-
lementary DNAs for ER. Molec. Endocr. 6 (1992) 2167-2174.
Fuqua S. A. W, Fitzgerald S. D., Chamness G. C., Tandon A.
K., McDonnell D. P., Nawaz Z., O’Malley B. W. and McGuire
W. L.: Variant human breast tumor estrogen receptor with
constitutive transcriptional activity. Cancer Res. 51 (1991)
105-109.

Fuqua S. A. W, Fitzgerald S. D., Allred D. C,, Elledge R. M.,
Nawaz Z., McDonnell D. P., O’Malley B. W., Greene G. L. and
McGuire W. L.: Inhibition of estrogen receptor action by a
naturally occurring variant in human breast tumors. Cancer Res.
52 (1992) 483—486.

Wang Y. and Milksicek R. J.: Identification of a dominant
negative form of the human estrogen receptor. Molec. Endocr. 5
(1991) 1707-1715.

Pfeffer U., Fecarotta E., Castagnetta L. and Vivaldi G.: Estrogen
receptor variant messenger RNA lacking exon 4 in estrogen-re-
sponsive human breast cancer cell lines. Cancer Res. 53 (1993)
741-743.

Scott G. K., Kushner P., Vigne J. L. and Benz C. C.: Truncated
forms of DNA-binding estrogen receptors in human breast
cancer. J. Clin. Invest. 88 (1991) 700-706.

Osborne C. K., Yochmowitz M. G., Knight W. A. and McGuire
W. L.: The value of estrogen and progesterone receptors in the
treatment of breast cancer. Cancer 46 (1980) 2884-2888.
Manni A, Arafah B. and Pearson O. H.: Estrogen and progester-
one receptors in the prediction of response of breast cancer to
endocrine therapy. Cancer 46 (1980) 2838-2841.

Jiang S. Y. and Jordan V. C.: Growth regulation of estrogen
receptor-negative breast cancer cells transfected with comp-
lementary DNAs for estrogen receptor. §. Natn. Cancer Inst. 84
(1992) 580-591.

Garcia M., Derocq D., Freiss G. and Rochefort H.: Activation
of estrogen receptor transfected into a receptor-negative breast
cancer cell line decreases the metastatic and invasive potential of
the cells. Proc. Natn. Acad. Sci. U.S.A. 89 (1992) 11538-11542.



