318

The majority of patients had lesions which could be completely
excised and this will be heartening news for the UK trial of
screen-detected DCIS [1]. The experience of the EORTC Breast
Cancer Cooperative Group in trial 10853 was that only one-third
of patients with DCIS were suitable for the trial, which compares
wide local excision with wide local excision and external radio-
therapy (50 Gy) [2]. The majority of the contributing centres to
trial 10853 were treating symptomatic rather than screened
women.

Silverstein has shown, as have most other studies that axillary
clearance is not required, and that mastectomy reduces the risk
of ipsilateral recurrence to almost zero [3-5]. Additionally,
even when patients with smaller lesions are selected for breast
conservation there will be an increased risk of recurrence of
DCIS or progression to invasive disease. Whether this can be
altered by radiotherapy still remains unanswered.

Large well-controlled trials will be needed to determine this.
EORTC trial 10853 is stll open, and has to date accrued 276
cases. Eligible patients will have had DCIS completely excised
(confirmed after pathological examination of inked edges). No
axillary dissection is performed and no radiation boost is given
to the biopsy site. Getting more surgeons and their patients to
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participate in this trial will enable sub-group analysis to be
conducted of the various histological variants of DCIS. Then,
perhaps, the effect of radiotherapy on DCIS will become appar-
ent.
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Tamoxifen Up-regulates c-erbB-2 Expression in
Oestrogen-responsive Breast Cancer Cells in vitro

Susanna Antoniotti, Piera Maggiora, Claudio Dati and Michele De Bortoli

Expression of the c-erbB-2 proto-oncogene is inhibited by oestrogens in oestrogen-responsive human breast
cancer cells, at both mRNA and protein level. Here we report that, where the regulation of c-erbB-2 is concerned,
tamoxifen displays a full anti-oestrogenic activity, enhancing the expression of c-erbB-2 in oestrogen receptor-
positive cells cultured with untreated fetal calf serum or reversing the inhibitory effect of added oestrogens.
Meanwhile, tamoxifen strongly inhibited cell growth. Tamoxifen was inactive on both c-erbB-2 expression and
growth of oestrogen receptor-negative cells. These results may have important implications to explain occasional

failure of tamoxifen therapy in oestrogen receptor-positive breast cancers.
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INTRODUCTION

THE c-erbB-2 proto-oncogene (also called HER2/neu) encodes a
185 kD transmembrane tyrosine kinase (p185) [1], sharing a
50% homology with the epidermal growth factor receptor [2]. c-
erbB-2 is frequently amplified in a variety of human adenocarcin-
omas and the resulting p185 overexpression is thought to confer
a particular aggressiveness to the tumour. Human breast cancer
has been extensively investigated and c-erbB-2 amplification and
overexpression shown to be associated with early relapse and
death [3, 4].

Work from our and other laboratories has demonstrated that
the expression of c-erbB-2 in mammary cells is subjected to
hormonal regulation (S, 6]. In particular, we have recently
shown that oestrogens specifically inhibit c-erbB-2 expression in
breast cancer cells [S]. Oestrogen receptor positive (ER +) breast
cancers are commonly treated with endocrine therapies, mainly
by the use of anti-oestrogenic drugs such as tamoxifen, which
shows clear antimitogenic properties on oestrogen-dependent
cells.

Therefore, we have investigated the effect of tamoxifen on c-
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erbB-2 mRNA and protein expression in ER+ and oestrogen
receptor negative (ER—) breast cancer cell lines.

MATERIALS AND METHODS

Cell culture

Human breast cancer cell lines T47D, ZR75.1 (ER+) and
MDA .MB.231 (ER~) were used. Cells were routinely cultured
in Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 5% (T47D) or 10% (ZR75.1, MDA.MB.231) fetal calf
serum (FCS), 4 mmol/l 1-glutamine, 20 mmol/l HEPES buffer,
pH 7.3 and 50 U/ml penicillin and 50 pg/ml streptomycin
(complete medium, CM). Experiments were carried out both in
this medium and in a medium devoid of oestrogenic activity
(oestrogen-free medium, EFM) prepared by treating FCS with
dextran-coated charcoal and by omitting phenol red from the
formulation. 10 nmol/l 17B-oestradiol and 1 pmol/l 4-hydroxy-
tamoxifen or tamoxifen citrate were added, when appropriate,
in ethanol. For harvesting, cells were washed twice with ice-
cold phosphate buffered saline (PBS), scraped, quickly pelleted
at 4°C, frozen in liquid nitrogen and stored at —80°C.

Evaluation of cell growth was done both by measuring the
DNA content of the cultures and by direct counting of viable
cells with a haemocytometer.

p185 immunoblotting

Cell pellets were lysed in 20 mmol/l Tris, pH 7.4, 0.1 mol/l
NaCl, 5 mmol/l MgCl;, 1% Nonidet P40, 0.5% sodium deoxy-
cholate, 0.1 mmol/l 2-mercaptoethanol and 2 U/ml Trasylol.
Lysates were cleared by centrifugation at 800 g for 20 min at
4°C and stored at —80°C. 100 g lysate protein was then analysed
for p185 level by immunoblotting [S]. As a positive control,
20 pg total protein extracted from SKBR. 3 cells was used.
Detection was done with a polyclonal antiserum recognizing the
13 aminoacid sequence at the C-terminus of the human c-erbB-2
protein [7].

RNA extraction and analysis

Total RNA was extracted from cell pellets by the
guanidine-lithium chloride procedure [5]. 20 pg was separated
on 1.2% agarose—formaldehyde gels and blotted to Hybond-N
membranes (Amersham). 2 pg of total RNA from SKBR.3 cells
was used as positive control. Blots were hybridised at 42°C in
50% formamide, with 1-2 x 10° cpm per ml of random priming
32P.labeled probes, and washed in 0.1 x SSC, 0.1% SDS at
65°C. The human c-erbB-2 probe used wasa 1.1 kbp Bam HI §'
fragment from the pCER204 ¢DNA [2]. Quantitative control
was provided by ethidium bromide staining of the gel and by
rehybridising the filters to a glyceraldehyde-phosphate dehydro-
genase probe [8].

RESULTS
Growth of T47D and ZR75.1 cells was largely dependent
upon oestrogens; cell proliferation was greatly reduced by
culturing the cells in EFM or in the presence of tamoxifen, as
compared to the growth in ‘“‘complete” medium (CM) or in the
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Table 1. Growth rate of T47D cells in various
experimental conditions, relative to the growth rate

inCM
Treatment Growth (%)
CM 100
CM + 4-OH-tamoxifen 46
EFM 54
EFM + E2 89
EFM + 4-OH-tamoxifen 36
EFM + E2 + 4-OH-tamoxifen 39

Results refer to the increase of DNA content of the
cultures over a 4-day treatment. Each value is the
mean of triplicate cultures, with individual variations
ranging from 10 to 20%.

presence of added 17B-oestradiol. Table 1 shows the data of a
typical experiment with T47D cells. Expression of c-erbB-2 was
studied both at the mRNA and at the protein level. By northern
blotting, we could detect a major 5.1 kD band, which represents
the main c-erbB-2 mRNA [9]. Analysis of the protein extract
by immunoblotting with the 21N antibody revealed a major
185-190 kD protein, corresponding to the pl85 product of
c-erbB-2 [7].

The reduced growth rate in EFM accompanied an evident
elevation of c-erbB-2 mRNA and protein levels (Fig. 1, (A) and
(B), respectively compare lanes a and c¢). Subsequent addition
of 17B-oestradiol resulted in down-regulation of c-erbB-2 mRNA
and protein to the original levels (Fig. 1, lanes e), as previously
observed [5]. 1 pmol/l 4-OH-tamoxifen was able to enhance
c-erbB-2 expression in both CM and EFM (Fig. 1, lanes b and
d) and also partly reversed the effect of 10 nM 178-oestradiol
added to EFM (Fig. 1, lanes f). Similar results were obtained
with ZR75.1 cells. Figure 2 shows an immunoblot of p185 levels
in ZR75.1 cells treated with 17B-oestradiol or 4-OH-tamoxifen.
On the contrary, no effects of either oestrogens or anti-oestrogens
were seen on both the growth rate and c-erbB-2 expression of
the ER- human breast cancer cell line MDA.MB.231. Figure
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Fig. 1. Effects of 17B-estradiol (E2) and 4-OH-tamoxifen (OH-Tam)
on c-erbB-2 mRNA and protein levels in T47D cells. T47D cells
were grown in CM for 3 days, then treated as indicated for 4 days.
(A) Northern blot of c-erbB-2 mRNA. Control hybridisation (lower)
represents GAPDH mRNA. (B) Immunoblot of pl185 level. Treat-
ments were (a) CM; (b) CM + 4-OH-tamoxifen; (c) EFM; (d) EFM
+ 4-OH-tamoxifen; (¢) EFM + E2; (f) EFM + E2 + 4-OH-tamoxifen
(lane s) SKBR.3 positive control.
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Fig. 2. Immunoblot of pl85 expression in ER+ (ZR75.1) and ER—

(MDA .MB.231) cell lines. Cell culture and treatments were as in Fig.

1. Lanes a-f: ZR75.1 cells, treatments as in Fig. 1, lanes a—f; lanes g,
h: MDA.MB.231 cells, treated as ZR75.1, lanes a, b.

2 shows the p185 levels detected in MDA.MB.231 cells growing
in CM, treated (lane h) or not (lane g) with 1 umol/l 4-OH-
tamoxifen for 3 days.

In all experimental conditions, the effects of tamoxifen citrate
or 4-OH-tamoxifen were substantially identical.

DISCUSSION

Our data indicate that, in ER+ human breast cancer cells,
tamoxifen up-regulates the expression of c-erbB-2 while
inhibiting cell growth in vitro, showing, in this respect, a full
anti-oestrogenic activity.

In our experimental conditions, both the inhibition of growth
and the stimulation of c-erbB-2 expression obtained with tamox-
ifen were more pronounced than those we could obtain in EFM.
This result is most likely due to some residual oestrogenic
activity present in EFM.

Inhibition of c-erbB-2 expression by oestrogens, as well as
reversion of this effect by anti-oestrogens in ER+ breast cancer
cells, has been reported on MCF7 [6], T47D [10] and ZR75.1
[11] cells, whereas no effect was reported on the ER— BT474
cells [10] and on an oestrogen-resistant variant of T47D [6].
Since in the present study tamoxifen had no effect on
MDA .MB.231, an additional ER— breast cancer cell line, it
seems possible to infer that the in vitro effect of tamoxifen on
c-erbB-2 expression is mediated by interaction with the oestrogen
receptor. Up-regulation of the c-erbB-2 proto-oncogene within
a “normal” range may be physiologically linked to growth arrest
and/or differentiation of mammary cells; the p185 protein is in
fact expressed during the normal differentiation of mammary
tissues in vivo and in vitro and enhanced p18S levels are seen in
breast cancer cells treated with DBcAMP or reaching confluence
[ref. 5, and M. D.B. et al.]. In addition, transcription from the
c-erbB-2 promoter is stimulated by retinoic acid, TPA and
DBcAMP [12], which are inhibitors of breast cancer cell growth.

On the other hand, overexpression of c-erbB-2 due to gene
amplification is thought to play a very relevant role in breast
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cancer progression. This is suggested not only by the many
studies on the association of c-erbB-2 amplification with poor
prognosis [4], but also by a number of more direct experimental
evidences: transfection of a normal c-erbB-2 allele in constitutive
expression vectors leads to neoplastic transformation [13, 14]
and treatment with anti-p185 antibodies reduces the neoplastic
potential of breast cancer [15] and other cells [16]. In addition,
c-erbB-2 has been shown to induce mammary tumours in
transgenic mice (17, 18). Most likely, c-erbB-2 contributes to
the malignant phenotype not merely by affecting proliferation,
but also by increasing other properties of tumour cells, e.g.
resistance to host defences [15].

The fact that a well-known therapeutic agent for breast cancer
such tamoxifen increases the expression of c-erbB-2 in vitro
seems paradoxical. However, the effects of tamoxifen in vive
may be more complex and widely different from what we have
observed in vitro. LeRoy er al. have recently reported that ER-
breast tumours from tamoxifen-treated patients showed lower
c-erbB-2 mRNA levels than tumours from untreated patients
[10]). Noteworthy, the decrease of c-erbB-2 expression after
tamoxifen treatment was seen only in ER— tumours, but it was
not reproducible in vitro on ER — cell lines, as also confirmed by
data presented here. This implies that the in vivo effect of
tamoxifen on c-erbB-2 expression in ER— breast tumour cells
must be mediated by an unidentified endocrine or paracrine
factor. It seems reasonable to conclude that, in vive, tamoxifen
exerts opposite effects on c-erbB-2 expression by two definite
pathways: (1) a direct anti-oestrogenic effect, i.e. stimulation of
c-erbB-2, by binding to oestrogen receptors in ER + tumour cells;
(2) inhibition of c-erbB-2 by affecting an unknown endocrine or
paracrine axis, whose action may affect both ER+ and ER-
tumour cells. In ER + tumours, the resulting level of expression
of c-erbB-2 will then reflect the balance of these opposite effects,
depending on their relative strength.

Even though it is clear that the expression of c-erbB-2 is
controlled in vivo by multiple factors, the enhancing effect of
tamoxifen on c-erbB-2 expression in virro reported here may
have important implications. It can be hypothesised that, under
circumstances that need to be investigated, tamoxifen can induce
very high p185 levels in ER + tumours carrying an amplified c-
erbB-2 gene. In this eventuality, the antimitogenic effects of
tamoxifen will be counterbalanced by the increased oncogenic
potential associated with c-erbB-2 overexpression. This hypoth-
esis, if true, may contribute to explain recent evidences that
breast cancers with amplified ¢c-erbB-2 do not respond favourably
to anti-oestrogen therapy. In fact, Wright et al. have reported
that most of breast cancer patients who did not respond to
tamoxifen had p185-positive tumours [19] and Borg et al. found
that c-erbB-2 amplification was correlated to poor prognosis
mainly in the patient group receiving adjuvant therapy [20]. In
addition, several studies have shown that c-erbB-2 amplification
is associated with poor prognosis mainly in steroid receptor-
positive tumours [21-24].

Further in vitro and in vivo experiments are necessary to verify
whether the data presented here may constitute a model for the
application of anti-oestrogen therapy for human breast cancer.

1. Stern DF, Heffernan PA, Weinberg RA. p185, a product of
the neu proto-oncogene, is a receptor-like protein associated with
tyrosine kinase activity. Mol Cell Biol 1986, 6, 1729-1740.

2. Yamamoto T, Ikawa S, Akiyama T, et al. Similarity of protein
encoded by the human c-erbB-2 gene to epidermal growth factor
receptor. Nature 1986, 319, 230-234.



Tamoxifen Up-regulates C-erbB-2 Expression

. Slamon DJ, Godolphin W, Jones LA, et al. Studies of the HER-

2/neu proto-oncogene in human breast and ovarian cancer. Scienice
1989, 244, 707-712.

. Perren TJ. c-erbB-2 oncogene as a prognostic marker in breast

cancer. Br ¥ Cancer 1991, 63, 328-332.

. Dati C, Antoniotti S, Taverna D, Perroteau I, De Bortoli M.

Inhibition of c-erbB-2 oncogene expression by estrogens in human
breast cancer cells. Oncogene 1990, 5, 1001-1006.

. Read LR, Keith D, Slamon DJ, Katzenellenbogen BS. Hormonal

modulation of HER-2/neu protooncogene messenger ribonucleic
acid and p1835 protein expression in human breast cancer cell lines.
Cancer Res 1990, 50, 3947-3951.

. Gullick W], Berger MS, Bennett PLP, Rothbard JB, Waterfield

MD. Expression of the c-erbB-2 protein in normal and transformed
cells. Int J Cancer 1987, 40, 246-254.

. Fort P, Marty L, Piechaczyk M, et al. Various rat adult tissues

express only one major mRNA species from the glyceraldehyde-3-
phosphate-dehydrogenase multigenic family. Nucleic Acids Res
1985, 13, 1431-1442.

. King CR, Kraus MH, Aaronson SA. Amplification of a novel v-

erbB-related gene in human mammary carcinoma. Science 1985,
229,974--977.

. Le Roy X, Escot C, Brouillet JP, et al. Decrease of c-erbB-2 and c-

myc RNA levels in tamoxifen-treated breast cancer. Oncogene 1991,
6,431-437.

. Warri A, Laine AM, Majasuo KE, Alitalo KK, Harkonen PL.

Estrogen suppression of erbB2 expression is associated with
increased growth rate of ZR-75-1 human breast cancer cells in vitro
and in nude mice. Int § Cancer 1991, 49, 1-9.

. Hudson LG, Ertl AP, Gill GN. Structure and inducible regulation

of the human c-erbB-2/neu promoter. J Biol Chem 1990, 265,
4389-4393.

. DiFiore PP, Pierce JH, Kraus MH, Segatto O, King CR, Aaronson

SA. erbB-2 is a potent oncogene when overexpressed in NIH/3T3
cells. Science 1987, 237, 178-182.

. Hudziak RM, Schiessinger J, Ullrich A. Increased expression of

the putative growth factor receptor pl18SHER2 causes transform-
ation and tumorigenesis of NIH3T3 cells. Proc Natl Acad Sci USA
1987, 84, 7158-7163.

15.

16.

20.

21.

22.

23.

24.

321

Hudziak RM, Lewis GD, Winget M, Fendly BM, Shepard M,
Ullrich A. p185HER2 monoclonal antibody has antiproliferative
effects in vitro and sensitizes human breast tumor cells to tumor
necrosis factor. Mol Cell Biol 1989,9, 1165-1172.

Wada T, Myers JN, Kokai Y, er al. Anti-receptor antibodies
reverse the phenotype of cells transformed by two interacting proto-
oncogene encoded receptor proteins. Oncogene 1990, 5, 489-495.

. Muller W], Sinn E, Pattengale PK, Wallace R, Leder P. Single-

step inducation of mammary adenocarcinoma in transgenic mice
bearing the activated c-neu oncogene. Cell 1988, 54, 105-115.

. Bouchard L, Lamarre L, Tremblay PJ, Jolicoeur P. Stochastic

appearance of mammary tumors in transgenic mice carrying the
MMTV/c-neu oncogene. Cell 1989, 57, 931-936.

. Wright C, Nicholson S, Angus B, et al. Association of c-erbB-2

oncoprotein expression with lack of response to endocrine therapy
in recurrent breast cancer. § Pathol 1989, 158, 350A.

Borg A, Baldetorp B, Ferno M, Killander D, Olsson H, Sigurdsson
H. c-erbB-2 amplification in breast cancer with a high rate of
proliferation. Oncogene 1991, 6, 137-143.

Dati C, Muraca R, Tazartes O, et al. c-erbB-2 and ras expression
levels in breast cancer are correlated and show a cooperative
association with unfavorable clinical outcome. Int J Cancer 1991,
47,833-838.

Richner J, Gerber HA, Locher GW, er al. c-erbB-2 protein
expression in node-negative breast cancer. Ann Oncol 1990, 1,
263-268.

Wright C, Angus B, Nicholson S, et al. Expression of c-erbB-2
oncoprotein: a prognostic indicator in human breast cancer. Cancer
Res 1989, 49, 2087-2090.

Borg A, Tandon AK, Sigurdsson H, et al. HER-2/neu amplification
predicts poor survival in node-positive breast cancer. Cancer Res
1990, 50, 4332-4337.

Acknowledgements—This work was supported by a grant from the
Associazione Italiana per la Ricerca sul Cancro (AIRC). S.A. is recipient
of an AIRC fellowship. Anti-oestrogens were kindly provided by ICI
Pharmaceuticals.



