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The importance of breast cancer research from a patient’s view: the voices and visions of

advocates

S Leigh

Past President, National Coalition for Cancer Survivorship, Cancer Survivorship Consultant, Tucson, Arizona, USA

While advances in science and technology have
increased options for treating breast cancer, current social
trends have changed the way people deal with this
disease. Women in the United States are no longer simply
passive patients, but rather they are survivors, advocates
and activists who are speaking up for themselves and
speaking out for issues relevant to the treatment and pre-
vention of breast cancer.

As the discoveries of basic science have been translated
to better clinical treatment, a new sense of hope has
emerged. Quality of life now shares the spotlight with
quantity of life as breast cancer has shifted from an acute
to a chronic condition and as the numbers of long-term
survivors increase. While this new population tends to
have more optimistic expectations for survival, they are
also expressing concerns about issues affecting their lives
through and beyond treatment. These issues include, but
are not limited to, such concerns as efficient and accurate
diagnosis, the complexity of treatment decisions, access
to quality cancer care, informed consent, privacy issues,
availability of supportive care treatments, and effective
communication skills, especially with their physicians. Sur-
vivors are also concerned about the impact of their
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disease on spouses and family, on fertility and sexuality
issues, on their employment and (in the USA) insurability,
and on their long-term survival. The identification of these
increasing issues has given rise to a consumer movement
that encourages a shift away from powerless victim to
empowered survivor.

Historically, breast cancer advocates asked for increased
educational and supportive care resources. As the sur-
vivorship movement matured, new responsibilities and dif-
fering agendas arose amongst these groups. Some
organizations defined their mission as one that would raise
funds to support scientific research. Others felt compelled
to raise awareness about early detection and treatment,
controversial environmental issues, and prevention or risk
reduction. A few organizations later entered the more
political arenas and began lobbying for issues related to
health care delivery, clinical trials access, and quality
cancer care. Meanwhile, these many and varied missions
are all helping to define an international agenda for breast
cancer research and care, to guarantee the inclusion of
consumer voices in most levels of decision-making, and to
create partnerships between patients with breast cancer
and the professionals who care for them.
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Genetic testing for BRCA1 and BRCA2 mutations - ready for implementation?

BL Weber
University of Pennsylvania, Philadelphia, PA, USA

With the discovery of BRCA71 and BRCA2, testing for
germline mutations became a possibility. However, there are
several questions that must be considered if genetic testing
is to be widely implemented. First, who should have the test
— are there defined groups at increased risk? Second, is the

laboratory technically capable of accurate testing and with
what sensitivity and specificity? Are the test results inter-
pretable? Finally, is there clinical utility to the test? That is,
are there interventions as a result of the test that will benefit
the patient, and do the benefits outweigh the risks?
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At least partial answers to these questions are now avail-
able. There are well-established methods of identifying
mutations, and there are known founder mutations that sim-
plify testing in some populations. In particular, there are data
that suggest that screening all Ashkenazi Jewish women for
the three founder mutations in this group may significantly
reduce deaths from ovarian cancer in this population. Direct
sequencing and heteroduplex analysis are both methods
with sensitivity well over 90% for coding region and splice
site mutations; however, the problem of genomic rearrange-
ments in BRCA1 remains. Variants of uncertain significance
remain a problem, particularly in BRCA2, but truncating

The pathology of inherited breast tumours

The Second International Symposium on the Molecular Biology of Breast Cancer

mutations are clearly associated with a markedly increased
risk of breast and ovarian cancer. Perhaps most importantly,
recent work is beginning to provide justification for preven-
tion strategies for both breast and ovarian cancer, as well as
evidence that genetic testing is well-tolerated psychologi-
cally. Finally, most Western countries have addressed the
issue of genetic discrimination and offer protection through
either nationalized health services or federal legislation. In
summary, the past five years have yielded advances in all
areas pertaining to genetic susceptibility testing, and the
promise of cancer prevention associated with the isolation
of BRCA1 and BRCAZ2 is becoming a reality.

M Stratton
Institute of Cancer Research, UK

There is now a considerable body of information pertaining
to the histopathological appearances of breast cancers
arising in multiple case families due to germline mutations
in breast cancer susceptibility genes. The evidence indi-
cates that cancers in BRCAT and BRCA2 mutation carri-
ers differ overall in morphological indices seen by H+E
staining from each other, and also from age-matched cases
unselected for family history. BRCA1 cancers differ much
more substantially from controls than BRCAZ2 cancers and
overall are of higher grade. Differences between these

groups are also seen immunohistochemically for a number
of proteins. Notably, BRCA1 cancers are rarely ER positive
compared to BRCA2 and controls. Cancers from families
not due to either known gene but which are likely to be due
to other, currently unknown susceptibility genes, also differ
from BRCA1, BRCA2 and age-matched control cancers.
These cancers are generally low grade lesions with the
suggestion of an excess of lobular carcinoma cases. The
significance of these histological differences with respect
to prognosis remains controversial.

Molecular characteristics of inherited breast tumors

A Borg, IA Hedenfalk, J Vallon-Christersson, N Loman, O Johannsson, H Olsson, DJ Duggan, Y Chen, M Bittner,

O-P Kallioniemi and JM Trent

Department of Oncology, Lund University, SE-221 85 Lund; Sweden and Cancer Genetics Branch, National Human Genome

Research Institute, NIH, Bethesda, MD 20892, USA

Germline mutations in genes involved in DNA double-
strand break repair (DSBR) and DNA damage-induced
checkpoint activation are associated with chromosomal
breakage syndromes and (breast) cancer predisposition.
These genes include TP53, CHK2, ATM, NBS1, Mre11
and the two major breast-cancer susceptibility genes
BRCA1 and BRCAZ2. Breast tumors from BRCA1 and
BRCAZ2 mutation carriers have explicit histopathological
features and genetic alterations, distinct from other forms
of inherited (BRCAx) and sporadic breast cancer. This
suggests that transformation of DSBR-deficient cells
follows abrogation of specific cell-cycle control and apop-
tosis mechanisms, and results in genetic instability and
tumor progression along distinguishable pathways. Com-
parative genomic hybridization (CGH) analysis may give
hints to the location of such genes by showing frequent
loss of chromosome 4, 5qg, 12q, 13q and Xq in BRCA1
tumors, and of 1p, 3p, 6q, 8p, 9p, 11q, 13g and Xq in
BRCA2 tumors. Frequent copy number gains are seen at

1qg, 6p, 8g, 10p, 16p and 17q in BRCAT tumors, and at
1g, 8q, 16p, 179, 19 and 20q in BRCAZ2 tumors. By
extending the analyses to the level of gene expression,
using cDNA microarrays containing 6500 sequence-veri-
fied human genes or ESTs, we have shown that BRCA1
and BRCA2 tumors can be separated into distinct clus-
ters by multi-dimensional scaling and hierarchical dendro-
gram analysis of expression data. Genes consistently up-
or downregulated in each group of inherited breast cancer
have been identified, and will be evaluated as diagnostic
tools in new sets of tumors, also on the level of protein
expression. The presumably heterogeneous group of
BRCAXx breast tumors exhibits, in general, a less aggres-
sive phenotype, being typically of low malignant grade and
steroid receptor-positive status. Further characterisation of
gene alteration and expression profiles in these tumors
may be used as a complement to traditional linkage analy-
sis in the search for additional breast cancer susceptibility
genes.
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Other cancers in BRCA1 and BRCA2 mutation carriers: implications for counselling and follow up

B Ponder

CRC Department of Oncology, University of Cambridge, Cambridge, UK

Data come from the Breast Cancer Linkage Consortium.
The BRCAT1 estimates (from 1993) are being updated.
The overall risk of ovarian cancer was estimated as 30%
by age 60 (but the data suggested the possibility, subse-
quently supported by mutation data, of heterogeneity, with
two groups of families with higher and lower risks of
ovarian cancer), and 3- and 4-fold increases in risk of
prostate and colorectal cancer respectively, correspond-
ing to absolute risks of about 5-10% by age 70. The
BRCAZ2 estimates are more recent and so based on more
extensive data. The estimated cumulative risk of ovarian
cancer is 0.4% by age 50 and 27% by age 70 (again with
evidence of heterogeneity from mutation studies); statisti-
cally significant elevated risks are also observed for
prostate cancer (overall RR 4.65 [7.33 below age 65];
absolute risk 7.5% by age 70); pancreatic cancer (RR
3.51 [5.54 below age 65]; absolute risk 2% by age 70),

The role of coactivators in oestrogen action

gall bladder and biliary cancer (RR 4.97), stomach cancer
(RR 2.59), malignant melanoma (RR 2.58) and cancer of
the oropharynx (RR 2.26, 95% CI 1.09-4.58). There was
no significant increase in risk of colorectal cancer. The
estimated cumulative risk of male breast cancer is 2% by
age 70, but with very wide confidence limits.

These overall risks will differ in individual cases according
to the specific BRCA mutation, and genetic and non-
genetic modifiers. Except possibly for the protective effects
of OC use on ovarian cancer, this information is not ready
to be translated into clinical practice. The main controversy
is around screening for colorectal and prostate cancer. The
balance of risks and benefits is not known for either; there
is no consensus; a BCLC study of prostate screening is
proposed and a colorectal study in BRCA1 carriers may be
appropriate if the risks are confirmed.

M Brown and JF de Mora

Department of Adult Oncology, Dana Farber Cancer Institute and Harvard Medical School, Boston, MA 02115, USA

Several classes of coregulatory molecules are felt to play
important roles in cell-type specific responses to oestro-
gens. These ER coactivators include members of the
SWI2/SNF2 chromatin remodelling complexes, histone
acetyltransferases such as p300/CBP, and p160 factors
of the SRC-1 family. We sought to understand more fully
how growth factors modulate oestrogen receptor activity
in both normal oestrogen physiology and the pathogene-
sis of breast cancer. Growth factors are known to stimu-
late the ligand-independent activity of ER through the
activation of MAPK and the direct phosphorylation of ER.
We have now found that the transcriptional stimulatory

activity of the p160 factor AIB1, a gene amplified prefer-
entially in ER-positive breast cancers, is enhanced by
MAPK. We show that AIB1 is a phosphoprotein in vivo
and can be phosphorylated in vitro by MAPK. Finally we
observe that MAPK activation of AIB1 stimulates the
recruitment of p300 and associated histone acetyltrans-
ferase activity. These results suggest that the ability of
growth factors to modulate oestrogen action may be medi-
ated through MAPK activation of the nuclear receptor
coactivator AIB1. In addition they suggest a potential point
of cross-talk between growth-factor signalling pathways
and oestrogen signalling in ER-positive breast cancers.

Growth regulation and steroid hormone resistance in breast cancer

KB Horwitz

University of Colorado School of Medicine, Endocrinology Division, Denver, CO 80262, USA

Our research focuses on breast cancer, and how the
steroid hormone agonists — estradiol and progesterone —
enhance growth of these tumors. Therefore, their treat-
ment often involves the use of steroid antagonists, which
interfere with deleterious effects of the agonists. Although
tumors often respond well to antagonists initially, and
undergo remission, eventually tumors acquire resistance
to antagonists and resume growing. | will discuss studies
dealing with growth regulatory mechanisms of proges-
terone, focusing on the role of cyclins; cyclin-dependent
kinases and cdk inhibitors; and cross-talk between prog-
esterone and epidermal growth factor (EGF) signaling.

The latter involves analysis of mechanisms by which prog-
esterone and EGF cooperate to activate mitogen-acti-
vated protein kinase (MAPK) and STAT signaling
pathways, and regulate transcription of the cdk inhibitor,
p21. Additionally we show that MAPK phosphorylation of
progesterone receptors, at serine 294, leads to ligand-
dependent receptor downregulation by the ubiquitin-26S
proteasome pathway. | will also describe the isolation and
characterization of transcriptional coactivators and core-
pressors that either enhance or inhibit transcription by
antagonist-occupied steroid receptors. We test the idea
that the ratio of these coregulators determines whether
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tamoxifen is inhibitory or not, using breast cancers taken
from tamoxifen-responsive and -resistant patients.
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Estrogen receptors o and B in the rodent mammary gland

S Saji*, EV Jensen*, S Nilssont, T Rylander*, M Warner* and J-A Gustafsson*
*Department of Medical Nutrition and Biosciences, Karolinska Institute, NOVUM Huddinge University Hospital, S-14186
Huddinge, and "KaroBio AB, NOVUM, S-141 86 Huddinge, Sweden

An obligatory role for estrogen in growth, development,
and functions of the mammary gland is well established,
but the roles of the two estrogen receptors remain
unclear. With the use of specific antibodies, it was found
that both estrogen receptors, ERo and ERp, are
expressed in the rat mammary gland, but the presence
and cellular distribution of the two receptors are distinct.
In prepubertal rats, ERo. was detected in 40% of the
epithelial cell nuclei. This decreased to 30% at puberty
and continued to decrease throughout pregnancy to a low
of 5% at day 14. During lactation there was a large induc-
tion of ERo with up to 70% of the nuclei positive at day
21. Approximately 60—-70% of epithelial cells expressed

ERP at all stages of breast development. Cells coexpress-
ing ERo and ERP were rare during pregnancy, a prolifera-
tive phase, but they represented up to 60% of the
epithelial cells during lactation, a postproliferative phase.
Western blot analysis and sucrose gradient centrifugation
confirmed this pattern of expression. During pregnancy,
the proliferating cell nuclear antigen was not expressed in
ERa-positive cells but was observed in 3—7% of ERfB-con-
taining cells. Because more than 90% of ERpB-bearing
cells do not proliferate, and 55-70% of the dividing cells
have neither ERa nor ER, it is clear that the presence of
these receptors in epithelial cells is not a prerequisite for
estrogen-mediated proliferation.

Clinical translation of progress in molecular endocrinology

M Dowsett

Academic Department of Biochemistry, The Royal Marsden Hospital, Fulham Road, London SW3 6JJ, UK

There has been substantial recent progress in our under-
standing of the molecular mechanism of oestrogen action,
most particularly by the discovery of (i) a second ER (ii)
the role of co-repressors/co-activators (iii) the importance
of conformational change of ER. This has provided insight
into the mode of action of hormonal drugs for breast
cancer, and prompted new ideas about potential resis-
tance mechanisms, new strategies for treatment and pre-
vention, and the development of new drugs. Differential
conformational change of ER by SERMs seems to deter-
mine the specific binding of the receptor to particular
co-activators/co-repressors of gene transcription. Pertur-
bation of this molecular system can provide cells resistant
to tamoxifen through an increased agonist response.
There are clinical data to support an increased agonist
response of tamoxifen as a resistance mechanism in
breast cancer, but there are few clinical laboratory data to

support aberrant co-activator/co-repressor expression as
an important mechanism. Recent in vitro studies indicate
that MCF7 cells may become resistant to oestrogen depri-
vation by acquired hypersensitivity to oestrogen. There are
clinical data to support this mechanism, and new clinical
trials have been designed to determine whether this phe-
nomenon can be utilised in sequential therapy. To achieve
optimal clinical exploitation of the progress in molecular
endocrinology, there is a need for novel clinical trial
design, which will utilise imaging and molecular pathologi-
cal techniques for assessing the molecular response of
tissues. Neoadjuvant treatment of breast cancer offers
unique advantages for such studies. Treatment-induced
changes in proliferation are a useful intermediate end-
point for the evaluation of molecular relationships in breast
carcinomas /n vivo and for the assessment of drugs effect-
ing these relationships.

The EGF receptor family as targets for breast cancer therapy

J Baselga
Hospital General Universitari Vall d’Hebron, Barcelona, Spain

Breast tumors express high levels of type | receptor tyro-
sine kinases and their ligands. This receptor family is com-
posed of four homologue receptors; the epidermal growth

factor receptor (ErbB1/EGF receptor/HER1), ErbB2
(HER2/neu), ErbB3 (HERS), and ErbB4 (HER4). These
receptors are composed of an extracellular binding domain,



a transmembrane lipophilic segment, and an intracellular
protein tyrosine kinase domain with a regulatory carboxyl
terminal segment. Several lines of evidence suggest that
these receptors are optimal targets for new anti-cancer
agents, and a series of monoclonal antibodies are currently
being evaluated both in the laboratory and in the clinic.
Agents currently under study include monoclonal antibody
(MAb) C225 directed at the EGFR, tratstuzumab (Her-
ceptin®) directed at the HER2 receptor, and a new family
of specific EGFR tyrosine kinase inhibitors.

Anti-EGFR MADb 225 prevents the binding of the ligands to
the EGFR, blocks ligand-induced activation of the receptor,
and inhibits the growth of cancer cells both in tissue culture
and in human tumor xenografts. Anti-EGFR MAb 225
greatly enhances the antitumor effects of chemotherapeutic
agents active against breast cancer, such as taxol and dox-
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orubicin. A human:murine ‘chimeric’ antibody (C225) has
been produced with comparable affinity and antitumor activ-
ity that allows the administration of repeated doses of MAb
either alone or in combination with chemotherapy. Initial
phase | clinical trials of single and multiple dose weekly
administration of C225 have shown that the antibody is safe
and with predictable pharmacology, achieving optimal anti-
body serum levels for a prolonged period of time.

A new family of potent EGFR tyrosine kinase inhibitors
(TKI) has been recently shown to have a high degree of
receptor specificity and very potent antitumor activity in
the laboratory. We are currently conducting a phase | clini-
cal trial with ZD1839, a potent EGFR TKI, in patients with
advanced malignancies. We have observed inhibition in
vivo of receptor function by tumor and skin biopsies, and
anti-responses have been observed.

Use of the anti HER-2/neu antibody Herceptin in the treatment of human breast cancer:

biological rationale and clinical results

DJ Slamon

Division Hematology-Oncology, UCLA School of Medicine, Revlon/lUCLA Women’s Cancer Research Program, Jonsson

Comprehensive Cancer Center, Los Angeles, California, USA

The HER-2/neu proto-oncogene encodes a growth factor
receptor which is overexpressed in 25-30% of human
breast cancers. This pathologic overexpression is associ-
ated with a decreased relapse-free as well as overall survival
in those patients whose tumors contain the alteration. The
overexpression is most often due to amplification in ~95%
of cases. The association between HER-2/neu amplifica-
tion/overexpression and clinical outcome suggested that
the alteration may play a causal role in pathogenesis. To test
the potential role of HER-2/neu overexpression in altering
the biological activity of human breast normal and malignant
epithelial cells, we conducted a number of in vitro studies in
which single-copy, low-expressing cell lines were converted
to multiple-copy, high-expressing cells. The biological
effects of HER-2/neu overexpression were then measured,
including effects on DNA synthesis, cell growth, anchorage-
independent growth, tumorigenicity and metastatic poten-
tial. Overexpression of HER-2/neu resulted in an increase in
those parameters in the malignant cell lines as well as the
non-transformed immortalized breast cell lines. In normal
primary breast cells there was no evidence of these effects
with HER-2/neu overexpression alone.

We also tested the effects of HER-2/neu overexpression
on chemosensitivity to a number of agents. There were no
effects of overexpression on intrinsic sensitivity or resis-
tance to any of nine chemotherapeutic agents, including
anthracycline and taxanes. There were, however, effects
on hormone dependence and tamoxifen sensitivity with a
direct association between HER 2 overexpression and
estrogen independence as well as tamoxifen resistance.

Subsequent to the identification of this alteration and
demonstration of the role it plays in the pathogenesis of
aggressive breast cancers, we tested a number of anti-
body reagents directed against the extracellular domain
of this receptor from a variety of sources. Many of these
antibodies can suppress all of the biological effects
induced by HER-2/neu overexpression both in vitro and
in vivo. Preclinical studies indicate that the antibodies
can be effective in completely suppressing growth of
human tumor cells in vitro, as well as breast cancer
xenografts when either are growing in vivo. The sup-
pression is specific to cells and tissues overexpressing
the HER-2/neu gene. Strategies using anti HER-2/neu
in combination with other therapeutic modalities indi-
cates these antibodies can have additive and occasion-
ally synergistic effects with chemotherapeutic agents
both in vitro and in vivo. These observations have led to
the development of new treatment strategies directed at
this molecular alteration, and these strategies have com-
pleted clinical testing. The pivotal phase Ill study com-
paring best available standard therapy versus best
available plus Herceptin demonstrates that this new bio-
logical agent improves objective response rates by
54%, response duration by 58% and time to progres-
sion by 65%. In addition, initial use of Herceptin as part
of the combination therapy results in a decrease in rela-
tive risk of death by approximately 25% at two and one
half years. The results of this testing have led to the
approval of Herceptin, a therapeutic monoclonal anti-
body effective in HER-2/neu overexpressing breast
cancers.
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Herceptin in clinical use - early 2000

The Second International Symposium on the Molecular Biology of Breast Cancer

CL Vogel
University of Miami School of Medicine, USA

Herceptin is the first of a new generation of non-cytotoxic,
non-hormonal compounds showing considerable promise
in the management of metastatic breast cancer. Based on
the seminal work of Slamon and co-workers, the human-
ized monoclonal anti-Her-2-neu antibody entered clinical
trials in the early 1990s. While the initial phase Il clinical
trial publication by Baselga and co-workers did not receive
the kind of attention it should have been given, discovery
of activity in heavily pre-treatment patients with the use of
a relatively non-toxic antibody led to further trials establish-
ing the effectiveness of this unique compound.

Two pivotal trials were initiated, with one investigating the
use of Herceptin in patients failing one or two prior
chemotherapy regimens for metastatic breast cancer. In this
trial the response rate was 20% as assessed by the investi-

Characterisation of micrometastatic tumor cells

gator and 14% by an external Response Evaluation Commit-
tee. Patients with 3+ Her-2-neu over-expression appeared to
benefit more (17% vs 7%) than Her-2-neu 2+ over-expres-
sors. Toxicity was mild with fever and chills seen in about
30% of patients, but generally only with the 4 mg/kg loading
dose and seldom with the 2 mg/kg maintenance doses.

In the other pivotal trial, patients were randomized to
chemotherapy alone or with Herceptin as first-line therapy
for metastatic breast cancer. Women who had not received
prior anthracycline therapy were randomized to anthracy-
cline = Herceptin, while patients with prior adjuvant
anthracycline were randomized to paclitaxel = Herceptin.
Herceptin plus chemotherapy was superior to chemother-
apy alone in all parameters of effectiveness, including a
5-month survival advantage at two years of follow-up.

K Pantel

Molecular Oncology, Department of Gynecology and Obstetrics, University Hospital Eppendorf, Hamburg, Germany

Using monoclonal antibodies to epithelial cytokeratins
(CK) or tumor-associated cell membrane glycoproteins,
individual carcinoma cells can be detected on cytological
preparations at frequencies of 107% to 107¢ (for review,
see Pantel et al, JNCI, 1999). Our prospective clinical
studies have shown that the presence of these immunos-
tained cells in bone marrow and lymph nodes of patients
without clinical or histopathological signs of metastases is
prognostically relevant (Pantel et al, Lancet, 1996; Izbicki
et al, N Engl J Med, 1997; Braun et al, N Engl J Med,
2000). In addition to immunocytochemistry, new molecular
detection methods based on the amplification of a marker
mRNA species by the polymerase chain reaction tech-
nique have been developed (Zippelius et al, JCO, 1997).
The current assays may be used to improve tumor staging
with potential consequences for adjuvant therapy. Another
promising clinical application is monitoring the response
of micrometastatic cells to adjuvant therapies (Braun et al,
JCO, 2000), which, at present, can only be assessed ret-
rospectively after an extended period of clinical follow-up.
Moreover, the screening methods can be applied to

Animal models of human tumor suppressor genes

detect tumor cells in the autologous transplant. The
extremely low frequency of bone marrow tumor cells
greatly hampers approaches to obtain more specific infor-
mation on their biological properties. The tools established
in our laboratory (eg, micrometastatic cell lines, single cell
(RT)PCR, multiple labelling, and FISH) allow one to obtain
further insights into the phenotype and genotype of
therapy-sensitive and resistant micrometastases. The
available data indicate that micrometastatic cells represent
a selected population of cancer cells which, however, still
express a considerable degree of heterogeneity with
regard to chromosomal aberrations and phenotypic prop-
erties. Prominent characteristics of bone marrow tumor
cells at the time of primary tumor diagnosis are the lack of
both p53 mutations and proliferation-associated marker
proteins and the frequent overexpression of the erbB2
oncogene (Pantel et al, JNCI, 1993; Putz et al, Cancer
Res, 1999; Offner et al, PNAS, 1999). Identification of the
molecular determinants of micrometastasis may help to
design new strategies to detect and eliminate minimal
residual cancer.

TW Mak
Ontario Cancer Institute, Canada

Tumor suppressor genes are a class of genes found
mutated on both alleles in tumor cells. They are usually impli-
cated in DNA repair, cell-cycle progression, differentiation,
and apoptosis. Their loss of function is involved in the devel-
opment of malignancies. Many of these tumor suppressor

genes are also found mutated in familial cancers. To better
understand the development of tumors that have lost the
functions of these tumor suppressor genes, we have gener-
ated animal models by targeting these genes in the germline
of mice. Many of these mutations, when bred to homozygos-
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ity, however, are embryonic lethals in the mice. Conse-
quently, conditional knockouts of these genes are used to
study their functions. They include tissue-specific deletions

Drug discovery in the p53 pathway
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and inducible knockouts. Progress in these genetic manipu-
lations to study tumor development in animals with mutations
of BRCA1, DPC4, and PTEN will be described.

DP Lane, C Midgley, A Sparks, C Blattner, C Binden and S Laine

CRC Laboratories, University of Dundee, Dundee, UK

The activity of the tumour suppressor protein p53 is critically
controlled by proteolysis. When cells are exposed to a variety
of stress stimuli including hypoxia, DNA damage, or the action
of certain oncogenes, this degradative pathway is inhibited
and p53 protein levels rise, inducing cell-cycle arrest and
apoptosis. The function of the p53 pathway is affected by
many DNA tumour virus-derived oncogenes. In addition, two
cellular proteins, Mdm2 and Arf, have been discovered to play
a critical role in regulating the specific stability of p53. Mdm2
binds to the N terminus of p53, recognising a specific
peptide motif, and targets p53 to the proteasome. The Mdm2
protein acts as a specific E3 ubiquitin ligase, and the Arf
protein binds to Mdm2 and inhibits its ligase activity. Recently
we have also discovered that p53 is modified by the small
ubiquitin-like protein SUMO, and this modification may inhibit
the degradation of p53. Microinjection of antibodies to the
p53-binding domain of Mdm2 will activate the p53 response
in normal cells as will mini-proteins displaying phage-opti-

mised Mdm2 binding peptides that block p53 binding. The N
terminal 64 amino acids of Arf are also a potent activator of
the p53 response, and we have recently localised the
Arf-Mdm2 interaction using pepscan libraries of Arf. An
important feedback pathway exists because the Mdm2 gene
is only transcribed in cells that contain normal p53.This
explains why tumours stain strongly with anti-p53 antibodies if
that p53 is inactive as a transcription factor. In a survey of
small molecules we found that both the nuclear export
inhibitor leptomycin B and the proteasome inhibitor Lacta-
cystin caused the accumulation of p53 in normal cells. Strik-
ingly, only Leptomycin-induced p53 was transcriptionally
active. Using inducible cell-line systems, we established that
Mdm?2 targets p53 for nuclear export. The ability to induce the
p53 response with non-genotoxic agents combined with the
recognition that p53 mutant human tumours lack the Mdm2
dependant degradation pathway opens up many exciting new
approaches to drug discovery in the p53 pathway.

Carcinoma-associated fibroblasts stimulate tumor progression of initiated human epithelium

AF Olumi, GD Grossfeld, SW Hayward, PR Carroll, GR Cunha, P Hein and TD Tisty
Cancer Research Center, Departments of Urology, Pathology and Anatomy, University of California at San Francisco,

San Francisco, USA

We have demonstrated that fibroblasts associated with
carcinomas stimulate tumor progression of initiated non-
tumorigenic epithelial cells both in an in vivo tissue recom-
bination system and in an in vitro co-culture system.
Human carcinoma-associated fibroblasts grown with initi-
ated human epithelial cells dramatically stimulate growth

and alter histology of epithelial cells. This effect is not
detected when normal fibroblasts are grown with the same
epithelial cells under the same experimental conditions.
From these data and other data we conclude that, in this
human cancer model, carcinoma-associated fibroblasts
stimulate tumor progression of an initiated epithelial cell.

p53-mediated apoptosis and genomic instability syndromes

EA Spillare, XW Wang, SP Linke, A Robles and CC Harris

Laboratory of Human Carcinogenesis, National Cancer Institute, NIH, Bethesda, MD, USA

The eukaryote genome is constantly facing the threat of
damage from exogenous and endogenous mutagens.
Mammalian cells, therefore, have evolved an intricate
network of defenses to maintain genomic stability, eg, cell-
cycle checkpoints, DNA repair, and apoptosis. Defects in
these processes can result in a mutator phenotype associ-
ated with tumorigenesis, as exemplified by a number of
familial cancer-prone disorders, including xeroderma pig-
mentosum (XP), Bloom syndrome (BS), ataxia telangiecta-
sia (AT), Werner syndrome (WS) and Li-Fraumeni
syndrome (LFS). p53 is at the crossroads of these path-
ways, and provides a biological basis for p53 being a
prime target of somatic mutations in human cancers. We

are investigating the molecular mechanisms related to
these pathways. For example, p53 binds to the basal tran-
scription and nucleotide-excision repair complex, TFIIH,
through interaction with two DNA helicases, XPB and
XPD, and cells with p53 inactivation have a reduced DNA
repair activity. Using a genetic approach, we also showed
that XPB and XPD contribute to p53-mediated apoptosis.
These data indicate that p53 may modulate either DNA
repair or apoptosis by binding to and regulating the activ-
ity of the TFlIH-associated DNA helicases. We are also
investigating the physical and functional interactions
between p53 and other DNA helicases, including WRN
and BLM. Our data are consistent with the hypothesis that
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WRN and BLM contribute to the removal of blocks in DNA
replication due to either errors during DNA metabolism or
carcinogen-induced DNA damage. WS or BS fibroblasts
have an attenuated p53-mediated apoptotic response,
and this deficiency can be rescued by the expression of

The Second International Symposium on the Molecular Biology of Breast Cancer

wild-type WRN or BLM, respectively. These data further
support the hypothesis that p53 can induce apoptosis
through the modulation of specific DExH-containing DNA
helicases, and may have implications for the cancer pre-
disposition observed in these genomic instability diseases.

Lessons from TP53 mutations in breast cancers: from carcinogen fingerprints to clinical correlates

P Hainaut and M Olivier
International Agency for Research on Cancer, Lyon, France

About 1000 mutations in breast cancers are listed in the
IARC TP53 mutation database [1]. Overall, the mutation
prevalence is relatively low (20-300%). Mutations are asso-
ciated with most aggressive tumor types and carry a sig-
nificant risk of bad prognosis and outcome in both
node-positive and node-negative tumors. Among tumors
expressing mutant p53, those with mutations in the L2/L3
loops of the protein (DNA-binding surface) have a poorer
response to some forms of treatment than tumors with
mutations at other sites [2]. It is noteworthy that p53
protein levels are elevated in more than 50% of breast
cancers, suggesting that p53 function may be deregu-
lated by mechanisms other than mutation.

The pattern of TP53 mutations shows a relatively high
prevalence of insertions, deletions and nonsense mutations
(altogether, 25%). The most frequent mutation type is GC
to AT transitions (40%), equally affecting CpG and non-
CpG sites. Cohort comparisons have shown differences in
the nature, localization and frequency of mutations, but
these studies need to be substantiated on larger groups [3].

Breast cancer frequently arises in Li-Fraumeni families [4].
The mutations found in this context may be considered as

p53 action in apoptosis and senescence

representative of spontaneous mutations arising in breast
cancer. Comparison with sporadic cancer shows that two
transversions, G to T and G to C, are not found in Li-Frau-
meni breast cancer patients. These transversions repre-
sent 18% of somatic breast-cancer mutations. They show
a strong strand bias and occur at sites often mutated in
lung cancers from smokers (codons 157, 248, 249 and
273) or in bladder cancers from smokers and/or dye-
exposed workers (codons 158 and 280). Overall, these
data indicate that although most of breast cancer muta-
tions probably have a spontaneous origin, a small propor-
tion of mutations show signatures that suggest the
involvement of exogenous carcinogens.
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SW Lowe, CA Schmitt, G Ferbeyre, AW Lin, E de Stanchina and M Soengas
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724, USA

Our laboratory is interested in the genes that control apop-
tosis and cellular senescence, two conceptually related
processes that can act to limit cellular proliferation. Both
processes are frequently disrupted in cancer cells, implying
that each can limit tumor development. Moreover, since
radiation and many chemotherapeutic agents can activate
apoptosis or senescence, the integrity of these anti-prolifer-
ative programs may influence the outcome of cancer
therapy in patients. The p53 tumor suppressor can promote
apoptosis or senescence and, together with its cell-cycle
checkpoint function, acts at in a variety of ways to protect
against cancer. For example, p53 can be activated by DNA
damage to activate cell-cycle checkpoints or apoptosis,
such that cells lacking p53 are prone to certain forms of
mutation and genomic instability. This implies that p53 can
indirectly suppress tumorigenesis by acting as a ‘Guardian
of the Genome’, that is, to promote the repair or elimination

of cells sustaining potentially deleterious mutations.
Remarkably, since most current anticancer agents directly
or indirectly damage DNA, the integrity of this p53 response
may contribute to tumor cell death during therapy. In addi-
tion, certain mitogenic oncogenes activate p53 to promote
apoptosis or senescence. Loss of pb53 prevents these
responses, leading to oncogenic transformation or tumor
progression. In these settings, p53 can directly suppress
tumorigenesis by acting in a fail-safe mechanism to counter
hyperproliferative signals. We are currently studying many
aspects of pb3, including how oncogenes or DNA-damag-
ing agents activate pb53, how p53 executes a biological
response, and how cellular factors influence whether p53
induces a cell-cycle checkpoint, cellular senescence, or
apoptosis. We are also developing animal models to
examine the impact of the p53 pathway on tumor cell
responses to anticancer agents.
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Cancer susceptibility in ATM heterozygotes: do two distinct carrier populations exist?

RA Gatti* and P Concannont

*UCLA School of Medicine, Department of Pathology, Los Angeles, CA, Virginia Mason Research Center, Seattle, WA, USA

The failure to find an increased frequency of ATM muta-
tions in large cancer cohorts, especially breast cancer, is
contrary to what was anticipated based on the increased
cancer susceptibility of obligate ATM heterozygotes from
families with ataxia telangiectasia. This apparent contra-
diction might be resolved if two types of ATM heterozy-
gotes were to exist and their phenotypes were to differ,
ie, those with truncating types of mutations (ATMtrunc)
that make no protein, and those with missense types of
mutations (ATM™s) that make reduced amounts of defec-
tive protein; the latter could create a dominant negative
effect that could be more detrimental than having no
protein at all. The phenotype of ATMunc/irune mutations is

the AT syndrome; the phenotype of ATMmis/mis mutations,
judging from the few homozygous patients that have been
documented, appears to include some neurological fea-
tures and cancer susceptibility but not the typical AT syn-
drome. Evidence will be presented which suggests that
ATMmisivt mutations are technically more difficult to
detect than ATMtrunc/wt mytations. Despite this, most large
cancer cohort studies have identified mainly missense
mutations and few truncating mutations. If substantiated,
this model would require a paradigm shift for cancer risk
analyses that would recognize the existence of different
allelic frequencies for the missense and truncating ATM
heterozygotes.

Role of the ATM gene in radiation sensitivity, relevance to breast cancer treatment

J Hall*, S Angéle*, M Vuillaume*, J-P Gérardt and P Romestaingt
*International Agency for Research on Cancer, Lyon, TService de Radiothérapie-Oncologie, Centre Hospitalier Lyon Sud,

Pierre Bénite, France

Clinical observations of normal tissue damage are
observed in a subset of patients following radiotherapy,
with several studies reporting that up to 10% of breast
cancer patients show early or late tissue reactions. Muta-
tions in the Ataxia telangiectasia gene (ATM) result in
extreme radiation sensitivity: homozygotes are predisposed
to developing cancers at a young age and show an acute
radiation reaction when treated with conventional radiother-
apeutic doses for cancer. Heterozygotes have an
increased cancer risk, in particular breast cancer, and
some degree of sensitivity to ionising radiation (IR) has
been reported in in vitro studies. To evaluate the potential
role of the ATM gene in breast cancer development and
the radiosensitivity seen in certain breast cancer cases, we
have established lymphoblastoid cell lines (LCL) from
radiosensitive (EORTC >8) and non-radiosensitive breast

cancer patients. In some of the LCLs established from radi-
ation sensitive breast cancer patients, the level of cell sur-
vival and the p53 induction after IR exposure are lower than
those observed in control cell lines, indicative of an alter-
ation in the ATM signalling pathway. No ATM mutations
were detected in the LCLs from the 10 non-radiosensitive
breast cancer patients, whereas one truncating mutation
and 3 nucleotide changes were found in 4 out of 27 LCLs
from the radiosensitive patients. The frequency of these
nucleotide alterations in the general population is being
established, in order to determine whether they represent
cancer and/or radiation sensitivity predisposing mutations.
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Tumour-selective transcriptional targeting for breast cancer gene therapy

HC Hurst

Imperial Cancer Research Fund Molecular Oncology Unit, ICSM at Hammersmith Hospital, London W12 ONN, UK

One of the most attractive ways of targeting gene
therapy is by exploitation of the transcriptional regula-
tory elements of genes which display tissue- or tumour-
selective patterns of expression. In our Unit we have
focused on identifying the key regulatory elements in a
small number of genes known to be overexpressed in
breast tumours. Shortly, however, the power of expres-
sion profiling by chip technology will expand the range
of candidate genes enormously. This will also allow
much more specific expression-targeting constructs to
be developed by ‘mixing and matching’ elements from
different genes.

Genetic prodrug activation therapy (GPAT) depends on the
conditional expression of a gene encoding an enzyme
capable of converting a non-toxic prodrug into an active
cytotoxic agent. We have developed prototype systems
based on the proximal promoter of the human ERBB2 onco-
gene driving a variety of suicide genes in plasmid, retroviral
and adenoviral vectors. We have completed a phase 1 clini-
cal trial of direct intratumoral injection of an ERBB2-cytosine
deaminase plasmid in patients with advanced breast cancer,
and the system is about to be applied to other tumour types.
Tissue-selective targeting has also been explored using the
promoter and enhancer elements of the MUCT gene, char-
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acteristically expressed by simple ductal epithelial cells
including those of the breast and pancreas. Combination
of the MUC1 and ERBB2 elements has proved effective
in generating constructs with dual specificity targeting.
In addition, the range of suicide genes which can be

G1/S control and its deregulation in cancer

The Second International Symposium on the Molecular Biology of Breast Cancer

delivered with such targeting devices can be expanded
by the use of high capacity adenoviral vectors, which
allow combinations of suicide genes to be expressed
and thus increase therapeutic effect without loss of
selectivity.

J Bartek, C Lukas, C Sgrensen, E Santoni-Rugiu, J Bartkova and J Lukas
Institute of Cancer Biology, Danish Cancer Society, Copenhagen, Denmark

Cancer is increasingly viewed as a cell-cycle disease, a
notion supported by recent accumulation of data on the
molecular basis of the cell-cycle machinery and its defects
commonly found in human tumours including breast carci-
nomas. Strikingly, the cell-cycle phase targeted most fre-
quently in multistep oncogenesis is the control of G1/S
transition. This period includes the late-G1 commitment to
replicate the genome and complete the cycle (the restric-
tion point control), and the initiation of DNA replication,
events regulated by the so-called ‘RB pathway’. While the
key components of the RB pathway qualify as proto-onco-
genes or tumour suppressors, and their aberrations may
provide direct proliferative advantage to cancer cells,
defects in the so-called checkpoint mechanisms that
monitor and help ensure the error-free execution of the
cell-cycle transitions act more indirectly, yet affect both
tumour progression and response to anti-cancer therapy.

Molecular control of apoptosis in the breast

Examples of both the oncogenic defects in the G1/S-con-
trolling machinery, and the ways proto-oncogenic events
may activate checkpoint responses, will be presented. In
addition, evidence in favour of the existence of a parallel
pathway, independent of and cooperating with the classi-
cal p16-cyclin D/CDK-pRB-E2F axis (the RB pathway) to
govern timely S-phase entry, will be reported. Finally, the
proposed candidacy of the RB pathway for the molecular
mechanism underlying the late-G1 restriction point switch
will be critically considered, and emerging data on novel
functions of the RB pathway in coordination of the cell
cycle events from late G1 until mitosis will be summarized.
These new discoveries have significant implications for
our understanding of the mammalian cell-cycle control and
its subversion in tumour cells, with emerging applications
in tumour diagnosis, prognosis, and attempts to device
new strategies to treat cancer.

C Streuli, A Gilmore, A Metcalfe, Y-J Lee, J Oliver and A Valentijn
School of Biological Sciences, University of Manchester, Manchester, UK

Understanding the molecular control of apoptosis in
breast epithelium represents an exciting new challenge in
breast biology. As a prerequisite for unravelling potential
mechanisms for apoptotic defects in neoplasia of the
breast, we have opted to decipher its regulation in normal
mammary epithelium. Apoptosis occurs naturally at several
stages of breast development; during the formation of
intraductal lumina