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cancer risk
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Germline loss-of-function mutations in BRCAT are associated with
a high lifetime risk of breast and ovarian cancer. Most mutations in
the gene are ‘truncating’: in the main these induce premature termi-
nation codons, resulting in nonsense-mediated decay, loss of the
transcript and/or the entire protein. The improved screening
methods now in use across the UK will identify many carriers of
unclassified BRCAT variants. These are chiefly missense muta-
tions, introducing an amino acid change in the context of an
expressed protein. Indeed more than one-quarter of entries
recorded in the Breast Cancer Information Core dataset of BRCA1
sequence variants collected from patients worldwide are
unclassified missense alterations (http://research.nhgri.nih.gov/bic/).
Currently, discovery of the majority of missense variants leaves
both variant carriers and their families in an ambiguous position.

These variants remain unclassified because in the majority of cases
it is not possible to follow variants by cosegregation analysis, and
the number of appropriate controls required to be certain that a
variant is absent in unaffected individuals is prohibitive. Currently,
in silico algorithms try to distinguish between missense substi-
tutions that are likely to be pathogenic and those that are not.
These algorithms compile a multicomponent likelihood ratio that
integrates assessment methods ranging from conservation analy-
sis, co-occurrence of a deleterious allele in trans, and immuno-
histochemical analysis [1-3]. What is missing from these analyses
is the relationship between loss of protein function and detriment
to patient health.

We have focused on the N-terminal region of BRCAT1. This region
has a high density of missense substitutions, including those of
known pathogenic status, and many currently unclassified variants.
We have shown that experimental missense variants, generated
randomly and selected for loss of interaction with the BRCA1
ubiquitin ligase components, BARD1 and the E2 enzyme UbcH5,
identify variants reported within the Breast Cancer Information
Core database of individuals with a personal or family history of
breast cancer [4]. The E2 component is particularly sensitive to
missense alteration in BRCA1, with the majority of currently
unclassified variants in the region inhibiting interaction, whereas
the BARD1 component is disrupted by a smaller, but overlapping,
subset restricted to substitution of the structurally detrimental zinc-
ligation residues. Variants that inhibited the E2 also prevented the
enzymatic activity. These data strongly suggest that the ligase
activity of BRCA1, through interaction with E2 and BARDI, is
related to breast cancer predisposition.

Using yeast two-hybrid analysis for BRCA1:BARD1 and
BRCA1:E2 interaction, we have tested the most chemically
different substitutions achievable by single nucleotide change in all
of the most highly conserved amino acids of the region (invariant
from human to sea urchin), and have also tested all currently
identified patient missense variants. These data have been
combined with Grantham variation and Grantham deviance scores
(a measure of how conserved an amino acid is, together with how
different the protein change is) to assess the relationship between
protein:protein interaction and measures of disease risk. Risk
measures were based on the results of full sequence tests of
BRCA1 and BRCAZ2 from 68,000 BRACAnalysis subjects (Myriad
Genetics, Salt Lake City, UT, USA), and used estimates of the
odds of developing breast cancer for a carrier of a BRCAT
missense substitution [2], together with enrichment ratios achieved
by comparing the variants observed in the dataset with the variants
expected on the basis of known substitution rates.

Classification methods in the past have attempted to place variants
in either the pathogenic or the little-clinical significance categories.
The results of this analysis suggest that some classes of variant
may confer an intermediate risk. If so, these data have considerable
implications for the counselling and clinical management of women
found to be positive for missense variants in future.
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Background Previous epidemiological studies have investigated
the relationship between individual nutrients such as vitamin D and
vitamin B, and mammographic density, a strong marker of breast
cancer risk [1], with varied results. There has been limited research
on overall dietary patterns and most studies have focused on adult
dietary patterns [2]. We examine prospective data to determine
whether dietary patterns from childhood to adult life affect
mammographic density.

Methods The Medical Research Council National Survey of Health
and Development is a national representative sample of 2,815 men
and 2,547 women followed since their birth in March 1946 [3]. A
wealth of medical and social data has been collected in over 25
follow-ups by home visits, medical examinations and postal
questionnaires. Dietary intakes at age 4 years were determined by
24-hour recalls and in adulthood (ages 36, 43 years) by 5-day food
records. Copies of the mammograms (two views for each breast)
taken when the women were closest to age 50 years were
obtained from the relevant NHS centres. A total of 1,319 women
were followed up since birth in 1946 for whom a mammogram at
age 50 years was retrieved, and the percentage mammographic
density was measured using the computer-assisted threshold
method for all 1,161 women. Breast cancer incidence for the
whole cohort is being ascertained through the National Health
Service Central Register.

Statistical analysis Reduced rank regression analysis, a relatively
new approach to dietary pattern analysis, is being used to identify
dietary patterns associated with mammographic density [4]. This
approach identifies patterns in food intake that are predictive of an
intermediate outcome of the disease process, such as mammo-
graphic density, and subsequently examines the relationship
between the identified dietary patterns and breast cancer risk.

Results Preliminary analyses so far suggest that variations in
dietary patterns in adulthood might explain more than 10% of the
variation in percentage mammographic density at age 50 years

(age 36 years: 13%; age 43 years: 14%), with variations in

patterns in childhood explaining slightly less. Further work is being

carried out on the characteristics of these dietary patterns and
their effects on percentage mammographic density and its two
components (that is, absolute areas of dense and nondense
tissues) and on breast cancer risk, after adjusting for socio-
economic status, anthropometric variables and reproductive factors.

Conclusion The present study will provide for the first time

information on the relationship between dietary patterns across the

life course and mammographic density, and will help to clarify the
pathways through which diet may affect breast cancer risk.
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Loss of oestrogen receptor alpha in long-term
antioestrogen-resistant cells: reversal by a c-src inhibitor
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Breast Cancer Res 2008, 10(Suppl 2):03 (doi: 10.1186/bcr 1883)

Background Tamoxifen still remains the most frequently used
antioestrogen for the treatment of breast cancer. However, its
efficacy is often limited by the emergence of acquired resistance
and it has been suggested that, in some instances, this may involve
oestrogen receptor (ER) loss. This study addresses this issue by
examining long-term tamoxifen treatment of breast cancer cells and
identifies that progressive ER loss does occur, leading to greatly
increased aggressive tumour cell behaviour. Encouragingly, even
after 30 months treatment, ER loss is reversible by a c-src inhibitor.
Our data therefore provide a new model to study the cellular
mechanisms associated with antihormone promoted ER loss and
its possible prevention/reversal by signal transduction inhibitors.

Methods Using quantitative PCR based on SYBR Green fluores-
cence, the expression of total ERc mRNA and its constituent
mRNA variants were quantified in MCF7 cells and in our in vitro
developed tamoxifen-resistant breast cancer cells (TamR), which
have been cultured in the presence of tamoxifen for 30 months.
Specific PCR amplification of all ERoc mRNA variants was possible
using forward primers designed to bind specifically to the 5’
untranslated regions of ERoc mRNA and used separately with a
common reverse primer that anneals to the 5" end of the protein



encoding region of exon 1 of ERo. cDNA. Expression of ERa
protein was assessed by western blot and immunohistochemistry.
Results In MCF7 cells, the ERo. mRNA isoforms A, B and C were
detected as the most predominant variants, with C ERo. mRNA
showing the highest expression level. In TamR cells, about a 40%
fall in total ERo. mRNA was observed in comparison with MCF7
cells and was most apparent for the C variant. Extension of the
tamoxifen treatment period to 30 months produced a further
dramatic decrease in ERoc mRNA (all variants) and protein levels,
resulting in ER negativity being recorded in >90% of the cells by
immunohistochemistry. These cells show increased levels of
phosphorylated Erk 1&2, AKT, PKCo and src, and are highly
aggressive in their growth behaviour, with increased cell motility
and invasiveness. Treatment of the cells with the demethylating
agent 5-azacytidine did not restore ERol expression, suggesting
that epigenetic alterations are unlikely to be responsible for the
reduced ER levels. However, Affymetrix data in the TamR cells
showed that some positive regulators of ER expression, such as
p53 and Foxo3A, are downregulated during the development of
the resistant phenotype and their continued absence may
contribute to the progressive ER loss. Significantly, pathway
inhibitor studies revealed c-src to be an important regulator of ER
loss, since its inhibition rapidly restored ER levels.

Conclusion Our data indicate that considerable ER loss can occur
during antihormonal treatment of breast cancer cells and that this
can lead to a more aggressive phenotype. Encouragingly, however,
even after 30 months exposure to tamoxifen, the process is
reversible by inhibition of c-src. These data suggest that
combinations of antihormones with signal transduction inhibitors
could retain ER functions in treated cells and prevent a drift
towards more aggressive cancer cell behaviour.
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Suppression of the NF-kB cofactor Bcl3 inhibits mammary
epithelial cell apoptosis and, in breast tumours, correlates
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Background Several transcription factors have been shown to
play important roles in the regulation of apoptosis at the onset of
murine mammary involution. These include LIF-activated STATS3,
c/ebpdelta, Ap-1 and IKK/NF-kB-mediated regulation of death
receptor ligands. A study of STAT3 and STAT5 transcriptional
targets in mammary epithelial cells in vitro showed that both
c/ebpdelta and c-fos (a component of Ap-1) were upregulated by
STATS, suggesting a degree of interdependence between these
transcription factor pathways in mediating their apoptotic effects.
Interestingly, while no NF-xB or IKK genes were significantly
regulated by STATs, the NF-xB cofactor gene, Bcl3, was found to
be a principal transcriptional target of STAT3. This factor plays a
role in altering the transcriptional capacity of specific NF-xB
subunits and has previously been described as an oncogene in B-
cell lymphomas. In this study we set out to establish whether Bcl3
had a role in regulating the cell fate of mammary epithelial cells
either in the normal mammary gland or in mammary/breast cancer.
Methods Archived material representing a range of tumour grades
and types was collected from breast cancer patients immediately
after surgery (tumour tissues = 122, normal tissues = 32). The
median follow-up of the patients was 120 months (range 12 to
156 months). QRT-PCR for Bcl3 was performed and this infor-
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mation was used to determine statistically significant correlations
with the clinical data on breast pathology. MCF7, T47D and MDA-
MB231 human breast cancer cell lines were subjected to Bcl3-
specific siRNA knockdown and subsequently assessed for cell
motility characteristics using ECIS technology. Bcl3-knockout mice
were assessed histologically for alterations in apoptosis rate during
the adult pregnancy cycle. Western blots, quantitative PCR and
DNA binding assays were used to determine the activity of
molecular markers of apoptosis in these animals. Bcl3-deficient
animals were crossed with mmtv-neu (c-erbB2) mice to establish
the role of Bcl3 in primary (neu-dependent) mammary tumour
growth, and magnetic resonance imaging was performed on
tumour-bearing animals, to establish metastasis rates in the
presence/absence of Bcl3.

Results An analysis of 122 human breast cancer tissues showed
that Bcl3 gene expression was suppressed in a significant
proportion of invasive tumours, which correlated with poor
prognosis. This also correlated with a significant decrease in Bcl3
gene expression in human breast cancer cell lines exhibiting
increased motility characteristics. The effects of siRNA-mediated
knockdown of Bcl3 are ongoing. In the mouse mammary gland,
Bcl3 expression was restricted to epithelial cells during the first 24
hours of involution. Bcl3 deficiency resulted in a transient delay in
the appearance of apoptotic bodies in the early involuting
mammary gland in Bcl3~/~ mice, while pSTAT3 levels were
unchanged compared with equivalent timepoints in control
animals. The activities of initiator/executor caspases of both
intrinsic and extrinsic pathways were significantly decreased in
Bcl3~/~ tissues at this time, which correlated with decreases in the
expression of key regulators of intrinsic/extrinsic apoptosis. Results
from the ongoing magnetic resonance imaging study of tumour
incidence/progression in mmtv-neu/Bcl3~/~ mice will be presented.
Conclusion These observations suggest that Bcl3 promotes
apoptosis in the mammary gland and provides preliminary evidence
of cross-talk between STAT3 and NF-xB pathways, both of which
have been implicated in breast cancer. Our current data on Bcl3 in
primary breast tumours and breast cancer cell lines contrasts with
other studies, to suggest that Bcl3 suppresses the metastatic
progression of primary breast cancer and has a neutral role in
breast cancer incidence or primary tumour growth.
Acknowledgement Funded by the Breast Cancer Research Trust.
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Activation of TGF-beta signalling in breast cancer
metastatic cells

S Giampieri, E Sahai
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Background The onset of metastasis in organs such as the lung,
bone and brain is a major cause of mortality in breast cancer patients.
Many signalling pathways have been implicated in mediating
progression to metastatic disease, including the transforming
growth factor beta (TGFP) signalling pathway. In many tissues
TGFB results in a growth inhibitory signal. This is mediated by
transducers of the Smad family, which translocate to the nucleus
and activate transcription. In tumour cells, however, TGFj3-
dependent antiproliferative control is lost and cells acquire the
ability to replicate in TGFp-rich environments. Despite molecular
and clinical evidence pointing to a role for TGFP signalling in
cancer progression and metastasis, it is unclear at which points of
the metastatic process TGFf signalling occurs and whether it is
necessary and/or sufficient to elicit cancer cell motility.
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Methods To address these questions, MTIn3E rat breast cancer
cells were used as a relevant model system. When injected into
the mammary fat pad of nude mice these cells form a primary
tumour from which motile cells will depart to form metastasis in the
lymph nodes and the lungs. To gain insight into TGFP signalling in
vivo, MTIn3E cells were engineered to express either GFPSmad2
or a Smad3 responsive promoter driving the expression of ECFP
(CAGA::ECFP). This allowed the monitoring of Smad-dependent
TGFp signalling in vivo using multiphoton confocal microscopy.
Results Our results indicate that TGFP signalling, measured by
cytoplasmic to nuclear translocation of GFPSmad2 and by
activation of CAGA ECFP, does not occur ubiquitously within the
primary tumour. In particular, cells that have acquired a motile
phenotype display active TGF signalling. As nuclear localisation
of GFPSmad2 and activation of CAGA ECFP are also observed in
nonmotile cells, however, TGFf signalling may be necessary but
not sufficient to elicit cell motility in primary tumour cells.
Furthermore, activation of TGFf signalling in motile cells is
transient, as lymph node metastasis display little activation of the
pathway. In addition, we have uncovered a second role for TGFf
signalling in the metastatic process. After intravenous injection in
mouse tail vein, TGFpB pretreated cells colonise the lungs more
efficiently than untreated controls and this results from the ability of
these cells to survive clearance from the lungs.

Conclusion Together these data suggest that TGF[ signalling may
positively influence two distinct steps of the metastatic cascade,
first by enabling cells to become motile and second to enhance
their survival during the lung colonisation.

Acknowledgement Supported by Breast Cancer Campaign.
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Figure 1 (abstract O6)

Background MUCH is a highly attractive target for immunotherapy
of breast cancer owing to its overexpression, altered glycosylation
and loss of polarity in over 90% of tumours. To exploit this, we are
developing genetic approaches to retarget T-cell specificity to
MUC1 using chimeric antigen receptor (CAR) technology.
Methods A panel of CARs have been generated using scFv
derived from the SM3 and HMFG2 hybridomas. Using the SFG
oncoretroviral expression vector, gene transfer was achieved in up
to 75% of human T cells.

Results Two parameters proved crucial in engineering an optimized
CAR ectodomain. First, we found that MUC1-mediated activation of
engineered human T cells is subject to steric hindrance. This was
observed using anchored but not soluble MUC1 and was
independent of MUC1 glycosylation status. To circumvent this, we
increased the flexibility and reach of CAR binding arms using the
elongated hinge found in IgD. Second, CAR function was highly
dependent upon strong binding capacity across a broad range of
tumour-associated MUC1 glycoforms, including MUC1 Tn, T and
sialylated derivatives. This was realized using an scFv cloned from
the HMFG2 hybridoma. To optimize CAR signalling, tripartite
endodomains were constructed that contain modules derived from
TNF receptor family members in addition to CD28 and CD3C.
Ultimately, this iterative design process yielded a potent MUC1-
specific CAR termed HOX that contains a fused CD28/0OX40/CD3(
endodomain. HOX-expressing T cells proliferate vigorously in vitro
upon repeated encounter with soluble or membrane-associated
MUC1, mediate production of proinflammatory cytokines (IFNy and
IL-17) and elicit brisk antigen-dependent killing of MUC1+ tumour
cells. To test function in vivo, a human breast cancer xenograft
model has been established using MDA MB 435 tumour cells
engineered to coexpress MUC1 and firefly luciferase. When
introduced into SCID/Beige mice by intraperitoneal injection, rapid
tumour growth occurs that can be monitored longitudinally and
noninvasively by bioluminescent imaging. Mice bearing established
tumour have been treated intraperitoneally with a single dose of
human T cells grafted with HOX, two control CARs (DOX: lacking
the HMFG2 scFv; HDFTr: lacking a functional endodomain) or
medium alone. We observed that treatment with HOX-expressing T
cells resulted in a significant delay in tumour growth, as measured by
bioluminescent imaging, compared with control mice (Figure 1). In
addition, HOX-grafted T cells confer a significant survival advantage
upon mice bearing MCF7 breast cancer xenografts.

Conclusion Despite its role in tumorigenesis and immune evasion,
we show that the near-ubiquitous breast cancer antigen MUC1
can be targeted using CAR grafted T cells.
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Role of the Hsp90 cochaperone, FKBPL, in oestrogen
receptor signalling and breast cancer growth and survival

H McKeen, C Byrne, A Valentine, M O’'Rourke, A Yakkundi,

K McClelland, K McAlpine, DG Hirst, T Robson

Molecular Therapeutics Group, School of Pharmacy, Queens
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Hsp90 chaperone complexes are involved in maintaining the
stability and signalling of Hsp90 client proteins such as the
oestrogen receptor (ER). The ER is the primary mediator of breast
cancer proliferation in response to oestrogen. Since increased ER
levels and transcriptional activation are associated with over 50%
of breast cancers, the ER is an attractive target for cancer
treatment strategies. Hsp90 inhibitors such as 17AAG are known
to destabilize these complexes by promoting proteasome-mediated
degradation of the steroid hormone receptor leading to tumour
growth inhibition [1] and sensitization to chemotherapy [2] and
radiotherapy [3]. Using protein interaction assays, we have
identified FKBPL, a novel gene that codes for an immunophilin-like
protein, as an Hsp90 cochaperone associated with the ER and
dynein motor protein complex. Overexpression studies have
demonstrated that FKBPL modulates ER signalling and affects
breast cancer growth and survival. Since most tumours become
refractory to current hormonal therapies within a year of starting
treatment, FKBPL represents a novel drug target that would enable
the disruption of signalling pathways integral in maintaining ER-
mediated tumour growth and survival.
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Two functionally distinct epithelial progenitors exist within
the luminal cell compartment of the mouse mammary gland
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Background The organization of the mammary epithelial cell
hierarchy is poorly understood.
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Methods To determine the cells that make up this hierarchy and
the relationship between them, we used fluorescence-activated
cell sorting in combination with in vitro colony-forming cell assays
to examine the growth and differentiative properties of pheno-
typically distinct subsets of mouse mammary epithelial cells.
Results Our results indicate that >95% of all colony-forming cells
present within the mammary epithelium are localized within the
luminal cell compartment and that >90% of these have a
CD45-Ter119-CD31-(Lin")CD24MshCD14+  phenotype.  This
progenitor cell population can be further resolved into two
functionally distinct subpopulations based on the expression of
Scal. The Lin-CD24highCD14+Scal- progenitors, which express
low levels of estrogen receptor alpha and intermediate levels of
keratin 14 (K14), are perceived to be progenitors that produce
Lin"CD24highCD14-Scal~ alveolar cells during pregnancy. The
Lin-CD24hiehCD14+Scal+ progenitors, which express intermediate
levels of estrogen receptor alpha and are K14-, are perceived to
be precursors of the steroid receptor expressing cells, of which the
vast majority are terminally differentiated and have a
Lin-CD24"ghCD14-Scal+ phenotype.

Conclusion These results demonstrate the existence of two
functionally distinct progenitor cells within the luminal compartment
of the mammary gland and provide a framework for interpreting
breast tumour gene expression profiles and the possible origins of
breast tumours.
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Interactions between BRCA2 protein and the meiosis-
specific recombinase DMCA1
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Breast Cancer Res 2008, 10(Suppl 2):P3 (doi: 10.1186/bcr 1887)

Homologous recombination has a dual role in eukaryotic
organisms. Firstly, it is responsible for the creation of genetic
variability during meiosis by directing the formation of reciprocal
crossovers that result in random combinations of alleles and traits.
Secondly, in mitotic cells, it maintains the integrity of the genome
by promoting the faithful repair of DNA double-strand breaks. In
vertebrates it therefore plays a key role in tumour avoidance.
Mutations in the tumour suppressor protein BRCA2 are associated
with predisposition to breast and ovarian cancers, and loss of
BRCAZ2 function leads to genetic instability, as BRCA2 is required
for regulation of double-strand break repair by homologous
recombination. BRCA2 protein regulates recombinational repair by
interacting directly with RAD51 recombinase via a series of
degenerate BRC repeat motifs encoded by exon 11 (BRCA2996-
2113), and an unrelated C-terminal domain (BRCA23265-3330).
Recent observations show that BRCA2 is also required for
homologous recombination at meiosis. We show that human
BRCAZ2 binds directly to the meiosis-specific recombinase DMC1
and define the primary DMC1 interaction domain to a 26 amino
acid region located at BRCA22386-2411. This region is highly
conserved in BRCA2 proteins from a variety of mammalian
species, but is absent in BRCA2 from Arabidopsis thaliana,
Caenorhabditis elegans, and other lower eukaryotes. Within this
region, we demonstrate the critical importance of Phe24086,
Pro2408, and Pro2409 at the conserved motif 2404KVFVPPFK2411,
and define this novel DMC1 interaction domain the PhePP motif.
The PhePP motif promotes specific interactions between BRCA2
and DMCH1, and no interactions take place between this region of
BRCA2 and RAD51. Thus, the RAD51 and DMCH1 interaction
domains on BRCA2 are distinct from each other, allowing
coordinated interactions of the two recombinases with BRCA2 at
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meiosis. These results lead us to suggest that BRCA2 is a
universal regulator of RAD51/DMC1 recombinase actions.
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Lineage commitment in mammary epithelium is regulated
by type 2 cytokines and Stat6
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Department of Pathology, University of Cambridge, UK; 2Division
of Cancer and Haematology, The Walter and Eliza Hall Institute of
Medical Research, Parkville, Victoria, Australia; 3Medical Research
Council Laboratory of Molecular Biology, Cambridge, UK

Breast Cancer Res 2008, 10(Suppl 2):P4 (doi: 10.1186/bcr 1888)

Naive T-helper cells differentiate into Th1 and Th2 subsets that
have unique cytokine signatures, activators, and transcriptional
targets. The Th1/Th2 cytokine milieu is a key paradigm in T-cell
lineage commitment and IL-4/IL-13 and Stat6 are known to be
important mediators of Th2 development. We have now
demonstrated that this paradigm applies also to mammary
epithelial cells, which undergo a switch from Th1 to Th2 cytokine
production upon the induction of differentiation. Thus, the Th1
cytokines IL-12, IFNy, and TNFo. are downregulated concomitantly
with the upregulation of the Th2 cytokines IL-4, IL-13 and IL-5 as
epithelial cells commit to the luminal alveolar lineage. Moreover, we
show that Th2 cytokines play a crucial role in mammary gland
development in vivo, because differentiation and alveolar morpho-
genesis are reduced in both Stat6 and IL-4/IL-13 doubly deficient
mice during pregnancy. This unexpected discovery demonstrates a
role for immune cell cytokines in epithelial cell fate and function,
and adds an unexpected tier of complexity to the previously held
paradigm that steroid and peptide hormones are the primary
regulators of mammary gland development.
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Background Elevated chromosomal radiosensitivity in lymphocytes
of breast cancer patients is thought to be an indicator for the
presence of one or more as yet unidentified genes of low
penetrance that promote susceptibility to the disease in up to 60%
of cases [1,2]. One such gene may be TOPO2A, encoding for the
DNA processing enzyme topoisomerase lla. The involvement of
topoisomerase lla is predicted from the author’s model for formation
of chromatid breaks [3]. In the model the DNA double-strand break
is not directly involved in the chromatid break, but acts as an initiator
in a sequence of events leading to a chromatid break. It is thought
that a chromatid break may be formed by a misjoining of chromatin
ends during topoisomerase lla decatenation of chromatids as the
cell progresses through G, towards mitosis. Topoisomerase lla is
known to be vulnerable to perturbation by oxidative stress during
the precise process of cutting and joining DNA strands [4].

Methods Gamma-radiation-induced chromatid breaks are scored
for chromatid breaks in colcemid-blocked chromosome spreads of

metaphase HL60 and mitoxantrone-resistant variants: MX1 and

MX2 cells with reduced topoisomerase Il expression. Topoiso-

merase lla expression levels were measured using western

blotting. SIRNA was used to knock down expression in normal
exponentially growing human cells that are irradiated with a low
dose of y-rays and scored for the presence of chromatid breaks.

The chromatid break frequency and topoisomerase lla expression

(ELISA assay) are being compared in 3-day-stimulated peripheral

blood T lymphocytes from a group of breast cancer patients and

control individuals exposed to a low dose of y-radiation.

Results We show that chromatid radiosensitivity (based on the

frequency of metaphase chromatid breaks in irradiated G, cells) is

significantly lower in a topoisomerase lla underexpressing variant
cell lines [5], and preliminary results show that reducing expression
with SiRNA also reduces chromatid radiosensitivity. In a pilot study
we are currently comparing the chromatid radiosensitivity and
topoisomerase lla expression in stimulated peripheral blood

lymphocytes of a group of Tayside breast cancer patients and a

similar number of normal noncancer control individuals.

Conclusion Our data support the hypothesis that topoisomerase

lla expression is a determinant of chromatid break frequency in

irradiated G, cells, and thus could be an underlying cause of the
observed variability of chromatid radiosensitivity among both
sporadic breast cancer cases and normal control individuals.
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Background Genome rearrangement is a major mechanism of
gene alteration in cancer. Chromosome translocations and
inversions can result in gene fusion, promoter insertion or gene
inactivation. In the past it has been assumed that such rearrange-
ments are not significant players in the common epithelial cancers,



as they are in leukaemias and sarcomas. However, this view is now
being challenged. In particular, Tomlins and colleagues found that
around 70% of prostate cancers have translocations or inversions
of the ETS family of transcription factors [1]. In breast cancer, we
have shown that the NRG1/heregulin gene is translocated in 6%
of primary cases [2] and Soda and colleagues described fusions of
ALK in 7% of lung cancers [3].
Methods and results We present a comprehensive analysis by
array painting of the chromosome translocations of breast cancer
cell lines HCC1806, HCC1187 and ZR-75-30. In array painting,
chromosomes are isolated by flow cytometry, amplified and
hybridized to DNA microarrays [4]. A total of 200 breakpoints were
identified and all were mapped to 1 Mb resolution on BAC arrays,
then 40 selected breakpoints, including all balanced breakpoints,
were further mapped on tiling-path BAC arrays or to around 2 kb
resolution using oligonucleotide arrays. Many more of the
translocations were balanced than expected, either reciprocal
(eight in total) or balanced for at least one participating
chromosome (19 paired breakpoints). Many breakpoints were at
genes that are plausible targets of oncogenic translocation,
including CTCF and P300. Two gene fusions were also demon-
strated, TAX1BP1-AHCY and RIF1-PKD1L1.
Conclusion Our data establish that array painting is a very
effective way to map substantial numbers of translocation
breakpoints and support the emerging view that chromosome
rearrangements that fuse, activate or otherwise alter genes at their
breakpoints may play an important role in common epithelial
cancers.
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Regulation of gene expression by the estrogen receptor (ER)
requires the coordinated recruitment and dissociation of trans-
criptional coactivator complexes and concomitant chromatin
remodelling and histone modification. In addition to the well-
characterised recruitment of coactivator proteins, a number of
corepressor proteins can also be recruited to the liganded ER,
including RIP140 and L-CoR.

We have recently identified a new ER interacting protein, ZNF366,
which is recruited to the liganded ER, through interactions
involving the zinc finger domains of both proteins. We show that
repression of ER-regulated genes by ZNF366 involves recruitment
of the well-described corepressor CtBP. This interaction is

Available online http://breast-cancer-research.com/supplements/10/S2

mediated by two sequence motifs in ZNF366, conforming to the
consensus CtBP-binding motif (PXDLS). Mutation of these motifs
in ZNF366 reduces, but does not abolish, the corepressor activity
of ZNF366. Additionally, ZNF366 interacts with RIP140, raising
the possibility that RIP140 and ZNF366 may act synergistically in
regulating ER activity [1].
Finally, we show that although ZNF366 is expressed in normal
breast epithelial cells, its expression is not detected in breast
cancer cells. This raises the possibility that regulation of ER activity
by ZNF366 may be important in breast cancer development.
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C-terminal binding proteins (CtBPs) (CtBP1 and CtBP2) are dual-
function proteins that act in the nucleus as transcriptional co-
repressors and in the cytoplasm as regulators of mitotic Golgi
fissioning. They have been implicated in the process of cellular
transformation through their physical and functional interactions
with the viral oncoproteins adenovirus E1A, and EBNA3C. Studies
in which the expression or function of CtBPs has been suppressed
in mammalian cells have independently identified both a role in
suppressing apoptosis, through their regulation of transcription of
proapoptotic genes, and a requirement for cell-cycle progression,
dependent on their role in the Golgi. Here we have undertaken a
holistic analysis of the phenotypic consequences of ablating CtBP
expression in breast cancer-derived cell lines. We find that loss of
CtBPs suppresses the proliferation of these lines through a
combination of induction of apoptosis, reduction in cell-cycle
progression into mitosis, and aberrations in transit through mitosis
itself. This third phenotype includes errors in mitotic chromosome
segregation, activation of, but failure to sustain, the spindle
assembly checkpoint, diminished localisation of spindle checkpoint
proteins at kinetochores, and a high rate of failure to complete
cytokinesis. These represent novel roles for CtBPs in the regulation
of critical stages of the cell division cycle.
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Background RASSF2 is located at 20p13, a region frequently lost
in human cancers. RASSF2 is a recently identified member of the
ras association domain of family tumour suppressor genes, and
many other members of this family are inactivated in human
tumours by promoter methylation.

Methods Methylation-specific PCR and combined bisulphite and
restriction analysis were used to analyse the methylation status of
the RASSF2 promoter CpG island in a series of breast tumours
and cell lines. Bioinformatic approaches were used to study
RASSF2 and a highly conserved putative bipartite nuclear localisa-
tion signal (NLS) was identified. Colony formation, growth in soft
agar and growth in immunocompromised mouse assays were used
to assess the tumour suppressive activities of RASSF2.

Results RASSF2 was frequently methylated in breast tumour cell
lines, 65% (13/20), and in primary breast tumours, 38% (15/40).
In the 10 samples for which corresponding normal DNA was
available this methylation was tumour specific. RASSF2 expression
could be switched back on in methylated breast tumour cell lines
after treatment with 5-aza-2dC. Endogenous RASSF2 localised to
the nucleus and mutation of the putative nuclear localisation signal
abolished the nuclear localisation. RASSF2 suppressed breast
tumour cell growth in vitro and in vivo, while the ability of NLS-
mutant RASSF2 to suppress growth was much diminished.
Conclusion These data indicate that RASSF2 is frequently
methylated in breast tumours, and thus RASSF2 is a novel
methylation marker that has the potential to be developed into a
valuable epigenetic marker for screening. We also demonstrate
that RASSF2 acts as a tumour suppressor gene and that it
contains a functional NLS that is important for its tumour
suppressor gene function.
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Background CTCF is a conserved, ubiquitous and multifunctional
transcription factor with features of a tumour suppressor. We have
previously reported that CTCF function is modulated by post-
translational poly(ADPribosyl)ation [1,2]. Poly(ADPribosyl)ation of
CTCF protein results in two isoforms: a highly poly(ADPribosyl)ated
form (called CTCF180) and a hypopoly(ADPribosyl)ated form
(called CTCF130). In this study we assessed the presence of both
CTCF isoforms in normal and cancer breast tissues and
investigated their function using immortalised cell lines.

Methods CTCF expression was analysed in breast tissues and
breast cancer cell lines by western blotting, immunohistochemistry
and immunofluorescence, using antibodies that specifically
recognise different CTCF isoforms. Functional investigations of
CTCF isoforms in cell culture included induction of apoptosis,
senescence and cell-cycle arrest using various chemical
treatments and analysis of cells by flow cytometry.
Results We discovered, using a large panel of breast tumours and
paired peripheral tissues, that only the CTCF180 isoform was
present in normal breast tissues, whereas CTCF130 was
exclusively detected in breast tumour tissues and immortalised cell
lines. Immunohistochemical staining revealed that 91% of the
breast tumours contained CTCF130. In addition, correlations were
found between the levels of CTCF130 and tumour grade, lymph
node metastases and neoadjuvant chemotherapy treatment. In
breast cancer cell lines, induction of cell death by apoptosis and
senescence resulted in a transition from the CTCF130 to the
CTCF180 isoform. This shift was not observed following cell-cycle
arrest.
Conclusion The present study demonstrates that CTCF180 is
characteristic for normal breast tissues, whereas CTCF130 is
specific for breast tumours and breast cancer cell lines. The
CTCF130 isoform may therefore be used as a specific biological
marker for breast tumourigenesis. Our data indicate that loss of
CTCF poly(ADPribosyl)ation may be involved in breast tumour
development. Poly(ADPribosyl)ation of CTCF, on the other hand,
correlates with induction of cell death in breast cancer cell lines.
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Background It has long been suspected that there is an important
breast cancer tumour suppressor gene on the short arm of
chromosome 8, 8p, and our array CGH data suggest that it may be
close to NRG1 [1]. NRG1 encodes growth factors that bind to
tyrosine kinases ErbB3 and ErbB4, and can both stimulate cell
proliferation and apoptosis. NRG1 is also quite frequently broken
by chromosome translocations [2].

Methods and results By quantitiative PCR, NRG1 expression was
repressed or abolished in many breast cancer cell lines and
tumours as compared with normal breast. Methylation analysis by
sequencing or pyrosequencing bisulphite-treated DNA showed
striking DNA methylation at a CpG island in NRGT, which is
correlated with an absence of NRGT transcripts. Treatment of



cancer cell lines with 5-aza-2-deoxycytidine reactivated the
expression of NRG1 by 7 to 100 times. NRG7 was also methy-
lated in tumour tissue samples while it was not in uncultured
normal breast epithelium. Knocking down NRG7 expression by
siRNA led to an increase in net cell proliferation.
Conclusion NRG1 could be the 8p tumour suppressor gene. It is
located in the right place. It is silenced by methylation or other
mechanisms in many breast cancer cell lines and tumours.
Functionally, NRG1 expression is antiproliferative — shown both by
our siRNA experiments and older work that showed expression to
be proapoptotic to breast cancer cell line MCF7 [3].
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We recently established that the p53 gene expresses nine
different p53 protein isoforms. The p53 isoforms bind preferentially
to some p53-responsive promoters and modulate differentially p53
transcriptional activity [1]. We characterized further p53f activity.
p53p is differentially recruited to p21 and bax promoters in the
absence or in the presence of DNA-damaging drugs.
p53f enhances p53 transcriptional activity on the p21 promoter in
a dose-dependent manner in the absence of cellular stress but
inhibits p53 transcriptional activity on the p21 promoter in the
presence of DNA-damaging agents. On the contrary, p53f has no
effect on p53 transcriptional activity on the bax promoter in the
absence of stress but enhances p53 transcriptional activity on the
bax promoter in response to stress without increasing the p53
protein level.
Our data indicate that p53p is involved in the choice of p53 target
gene expression in response to cellular signals, switching cell fate
outcome from G, arrest/DNA repair to cell death.
The present finding supports our hypothesis that differential
expression of the p53 isoforms in primary breast tumours may help
to link p53 status to biological properties and drug sensitivity.
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Background Apoptosis is the process of programmed cell death
by which damaged or unhealthy cells are normally destroyed.
Cancer cells are able to avoid apoptosis and thereby survive
inappropriately. Inhibitor of apoptosis proteins (IAPs) are a family of
proteins that block apoptosis in normal cells, by binding to active
caspases, the proteases that mediate cell death. There are eight
human IAPs, including NAIP, XIAP, clAP1, clAP2, livin, survivin and
apollon. An upregulation of IAPs could cause resistance to
apoptosis. Targeting IAPs in cancer therapy may therefore improve
the clinical effectiveness of apoptosis-inducing chemotherapeutics.
A number of studies have shown that XIAP and survivin are up-
regulated in cancer, and inhibiting these IAPs increased the
apoptotic response induced by some chemotherapeutics. We aim,
first, to examine the expression profile of all IAPs in breast cancer
and, second, to determine whether inhibiting IAPs will enhance the
apoptotic response to traditional chemotherapeutics and newly
developed targeted therapies, such as Herceptin.

Methods IAP levels were detected in patient and cell line samples
by immunoblotting with validated antibodies using the Li-Cor
Odyssey system (Li-Cor Biosciences, Lincoln, NE, USA). IAPs
were inhibited using siRNA or cell-permeable mimics of endo-
genous inhibitors. Control cells and cells with XIAP knocked down
or inhibited were exposed to TNF-related apoptosis inducing
ligand (10 ng/ml), Herceptin (100 ug/ml), Iressa (10 uM), or
Lapatinib (100 nM) for 48 hours. Apoptosis was scored by examin-
ing nuclear morphology (DAPI) or active caspase 3 staining.
Proliferation was examined by Ki67 staining.

Results We have found that IAPs are widely upregulated in breast
cancer. In particular clAP2, XIAP and survivin were more prevalent
in breast cancer cells than normal breast epithelium. Knock down
of XIAP or inhibition with small molecule inhibitors resulted in an
increased apoptotic response to TNF-related apoptosis inducing
ligand, in both sensitive and resistant cell lines. Knocking down
XIAP also increased the apoptotic response to a number of growth
factor receptor-targeted therapies such as Herceptin, Iressa and
Lapatinib.

Conclusion Inhibiting IAPs in combination with both chemo-
therapeutic agents and targeted therapies, such as Herceptin and
Lapatinib, which act as receptor antagonists, will improve clinical
outcome.
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Background Proteomic technologies verified AGR-2 as a protein
family overexpressed in human cancers, including breast, prostate
and oesophagus cancers, with the ability to inhibit the tumour
suppressor protein p53 [1]. The AGR-2 gene is a hormone
responsive gene with an unexpected induction by the anticancer
drug tamoxifen highlighting the proto-oncogenic role of this
protein. The hAGR-2 gene was first described in the MCF-7 breast
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carcinoma cell line, and was found to be coexpressed with the
estrogen receptor (ER), in ER-positive cell lines [2,3]. Moreover, it
was recently revealed that AGR-2 is secreted from androgen-
inducible cell lines in prostate cancer cell lines [4].
Methods Localization studies of AGR-2 were performed using
fluorescence microscopy in order to determine in which
compartment the protein functions. Yeast two-hybrid analysis has
identified potential nuclear and cytoplasmic binding proteins for
AGR-2, essential for the upstream or downstream regulation of the
AGR-2 pathway.
Results Anterior gradient 2 encodes one protein that gives rise to
two forms: the full-length and the mature. Full-length AGR2wt,
which bears the leader sequence, localizes to the ER and the
Golgi compartment whereas the mature protein requires the C-
terminal KTEL sequence for strong nuclear localization. Deletion of
the KTEL, putative ER retention, sequence does not alter the
localization of the wt full-length form to a large extent but has a
strong effect on the localization shift of the mature form.
Subcellular fractionation data verified the difference in the
localization patterns of the wt forms and their mutants. Moreover,
the localization of the protein and each of the mutants differs
significantly in various cell lines, suggesting a multipotent role of
the protein when it comes to activation pathways and localization
patterns within the cell. Furthermore, we present data showing
models of how the AGR-2 family might function as a drug-
resistance survival factor in cancer as well as a p53 inhibitor.

Conclusion All of the above suggest a multipotent role of AGR-2

when it comes to trafficking, cellular localization and activation or

inhibition pathways in cancer. The localization of the protein can
therefore determine the level of p53 inhibition.
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We have been investigating a novel link between two independent
processes linked to breast cancer: Wnt signalling and h-Prune
overexpression. The canonical Wnt signalling pathway was
activated in 40% to 60% of human breast cancers through
mechanisms that are not understood. Similarly, the phospho-
diesterase h-Prune was overexpressed or amplified in 54% of

breast cancers and was linked to breast tumour progression
through unknown mechanisms.

We have shown that overexpression of xenopus Prune induced
formation of a secondary axis in a standard assay to identify
activators of the Wnt signalling pathway. In HEK293 cells, xenopus
Prune overexpression induced a 300-fold increase in Wnt/TCF-
dependent transcription. Whilst human prune does not appear to
be able to activate Wnt signalling as potently as its xenopus
homologue, it does synergise with other activators of the pathway
to increase TCF-dependent transcription.

Here we show whether there is a correlation between over-
expression of h-Prune and active Wnt signalling in breast cancer,
and whether the synergistic responses described are mediated
through the enzymatic activity of prune, or through binding to GSK-3.
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We have previously demonstrated that the DEAD-box RNA
helicase p68 is an important regulator of gene expression [1,2],
whilst other groups have shown that p68 interacts with and
coactivates estrogen receptor alpha (ERo) [3,4]. The main focus of
our project is to investigate the molecular mechanism of ERo
coactivation by p68 and to examine the potential consequences for
breast cancer development.

We have established that the interaction of p68 and ERa requires
the DNA binding domain of ERo. and the C terminus of p68.
Importantly, this region of p68 lies outside the conserved helicase
core and was previously shown by us to be essential for
transcriptional regulation by p68. Additionally, coactivation of ERo
by p68 requires the ligand binding/AF2 region of ERa and is
consistent with the model that p68 is recruited to ERo-responsive
promoters in response to estrogen [4]. We have also shown that
p72, a helicase that is very highly related to p68 and that had
previously been suggested to act in an analogous fashion to p68
[3], poorly coactivates ERa: in standard transcriptional coactivation
assays, using ER-responsive promoters. This is underscored by our
finding that overexpression of p68, but not of p72, in cell lines
results in stimulation of expression of physiological target genes of
ERo.

Interestingly, siRNA-mediated knockdown of endogenous p68 has
little effect on the expression of ERa targ