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A1

The in vivo cell kinetics in breast carcinogenesis

NJ Agnantis, SA Kamina, PS Zagorianakou, A Demou,
A Katsaraki, P Kanavaros*, M Bai

Department of Pathology, Medical School, University of loannina,
loannina, Greece, *Department of Histology, Medical School,
University of Thessalia, Larisa, Greece

Background: Disruption of the balance between apoptosis and pro-
liferation is considered to be an important factor in the development
and progression of tumor. In this study we determined the in vivo cell
kinetics along the spectrum of apparently normal epithelium, hyper-
plasia, preinvasive lesions and invasive carcinoma, in breast tissues
affected by fibrocystic changes in which preinvasive and/or invasive
lesions developed, as a model of breast carcinogenesis.

Materials and method: A total of 32 areas of apparently normal
epithelium and 135 ductal proliferative and neoplastic lesions were
studied. More than one epithelial lesion per case was analyzed.
The apoptotic index (Al) and the proliferative index (Pl) were
expressed as the percentage of TUNEL (TdT-mediated dUTP-nick
end-labelling) and Ki-67 positive cells, respectively. The prolifera-
tive/apoptotic index (P/A) was calculated for each case.

Results: Statistical analysis demonstrated significant differences
among the tissue groups for both indices (P<0.0001). The Als
and Pls were significantly higher in hyperplasia than in apparently
normal epithelium (P=0.04 and P=0.0005, respectively), in atypi-
cal hyperplasia than in hyperplasia (P=0.01 and P=0.04, respec-
tively) and in invasive carcinoma than in insitu carcinoma
(P=0.0001 and P<0.0001, respectively). The two indices were
similar in atypical hyperplasia and in in situ carcinoma. The P/A
index increased significantly from normal epithelium to hyperplasia
(P=0.01) and from preinvasive lesions to invasive carcinoma
(P=0.04), whereas it was decreased (NS) from hyperplasia to
preinvasive lesions. A strong positive correlation between the Als
and the Pls was found (r=0.83; P<0.0001).

Conclusion: These findings suggest accelerating cell turnover
along the continuum of breast carcinogenesis. Atypical hyper-
plasias and in situ carcinomas might be kinetically similar lesions.
In the transition from normal epithelium to hyperplasia and from
preinvasive lesions to invasive carcinoma, the net growth of epithe-
lial cells results from a growth imbalance in favour of proliferation.
In the transition from hyperplasia to preinvasive lesions there is an
imbalance in favour of apoptosis.
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A2

Rescue of HER-2-positive breast carcinoma cells
from dormancy by growth factors produced during
wound healing

R Agresti, E Tagliabue, C Ghirelli, D Morelli, R Giovanazzi,

G Somenzi, M Campiglio, M Greco, A Balsari, S Menard

Molecular Targeting Unit and General Surgery, Breast Unit, National
Cancer Institute, Milan, Italy

Background: Clinical and experimental data have raised the possi-
bility that surgical removal of the primary tumor promotes the
growth of metastatic lesions.

Purpose: This study was undertaken to determine the effect of
wound healing drainages and postsurgical sera obtained from
breast carcinoma (BC) patients on proliferation of dormant BC
cells and to assess the role of HER2 oncoprotein in this
proliferation.

Method: Proliferation of dormant BC cells was evaluated in vitro by
SRB colorimetric assay. Growth factors were identified by inhibi-
tion with specific antibodies and displacement of 125|-EGF from its
receptor. Cellular damage was measured by creatine phospho-
kinase level. The role of HER2 was analyzed by removal of HER2
from the membrane and inhibition by the anti-HER2 monoclonal
antibody herceptin.

Results: Healing wound drainages and postsurgical sera from BC
patients stimulated the in vitro growth of BC cells. Removal of the
HER2 oncoprotein from BC cell membrane led to a dramatic
decrease in the induced proliferation. Drainage-induced prolifera-
tion was around 50% inhibited by antibodies directed against
EGF-like factors, including HB-EGF and TGF-o. Levels of these
growth factors in postsurgical sera, as well as the level of drainage-
induced proliferation, were directly correlated with the entity of
surgery (r=0.8, P=0.0007 and r=0.64, P=0.009, respectively).
Treatment of the tumor cells with herceptin, abolished the patients’
drainage-induced proliferation when added to cultures before the
growth stimulus.

Conclusion: HER2 overexpression by BC cells plays a major role
in the postsurgery rescue of metastatic BC cells from dormancy.
Herceptin appears to inhibit this growth induction. A prospective
randomized clinical trial of perioperative treatment with herceptin of
BC patients is starting.
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A3

Asynchronous LOH analysis of ductal carcinoma
in situ from patients who subsequently developed
invasive ductal carcinoma

M Amari, T Moriya*, Y Harada, T Ishida, K Ohnuki, N Ohuchi

Division of Surgical Oncology, Tohoku University School of Medicine,
Sendai, Japan; *Department of Pathology, Tohoku University Hospital,
Sendai, Japan

Management of women with ductal carcinoma in situ (DCIS) is
currently a major concern. Biological characteristics in the light of
progression from DCIS to invasive ductal carcinoma (IDC) remain
unknown. Our previous study [1] investigating synchronous lesions
demonstrated higher LOH frequencies in parallel with the tumor
progression from atypical ductal hyperplasia (ADH) to DCIS and
IDC [1]. We report here an asynchronous LOH analysis of DCIS
from patients who subsequently developed IDC.

We collected 88 biopsy specimens, originally diagnosed benign,
from the patients who subsequently developed IDC in the ipsilat-
eral breast. Seven asynchronous lesions of initial biopsy (re-evalua-
tion was DCIS) and the respective IDC were subjected to LOH
analysis in this study. Thirteen microsatellite markers, which were
mapped to and/or very close to the tumor suppressor genes or
regions with frequent LOH in breast cancer, were used.

LOHs were observed in parallel with the tumor progression from
DCIS to IDC in all cases except for one that developed IDC in
another quadrant. The six patients developed IDC near the initial
biopsy, and presented similar or identical histopathologic features.
LOH analysis of biopsy specimens from patients who subsequently
developed IDC demonstrated acquisition of genetic change at an
earlier stage, as the same allele at the same genomic locus was
lost in DCIS.

Our results suggest that genetic alternations accumulate during
cancer progression from DCIS to IDC, and DCIS presents a high
risk of developing invasive transformation.

Reference

1. Amari et al. Oncol Rep 1999, 6:1277.

A4

Phagocytic activity of monocytes in patients with
breast cancer at different clinical stages
NN Arsenijevic, D Baskic, LD Acimovic*

Institute of Microbiology and Immunology, and *Clinic for Surgery,
Faculty of Medicine, University of Kragujevac, Yugoslavia

The investigation was designed to evaluate numerical and func-
tional properties of peripheral blood monocytes (PBMo) in patients
with breast cancer at different clinical stages. Monocyte phagocy-
tosis test was performed in 19 patients with benign breast tumor,
29 patients with breast cancer and 10 healthy subjects. Cancer
patients were divided into three groups on the basis of the clinical
stage of disease: group A, patients with localized disease;
group B, patients with regional lymph node metastasis; and
group C, patients with distant metastasis. Patients with advanced
disease (group C) showed an increase in neutrophils, but no differ-
ences in the total count of leukocytes and absolute number of
lymphocytes as compared with healthy individuals, patients with
benign breast tumor or patients with lower stage. However, the
mean number of monocytes decreased in patients with benign
disease and further decreased in cancer patients, reaching the sig-
nificantly lowest value in patients with distant metastasis. Phago-
cytic activity of PBMo was found to be significantly lower in
patients with benign tumor, and it became further reduced in the
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cancer group, related to the clinical stage. Thus, we noted a sixfold
decrease in the capacity of phagocytosis, fourfold decrease in per-
centage of phagocytosis and twofold decrease in phagocytic index
in patients with advanced stage (group C). The alterations in
number and function of PBMo in patients with benign and malig-
nant breast tumor were observed in close association with clinical
stage of disease, and thus they could be considered as indicators
of tumor progression. However, further studies are required to
determine whether monocyte dysfunction could provide additional
prognostic information in the case of breast cancer diagnosis and
therapy.

A5

The CC chemokine RANTES as a potential
contributor to breast cancer progression

E Azenshtein, G Luboshits, S Shina, E Neumark, N Vigler’,
S Chaitchikt, | Keydar, A Ben-Baruch

Department of Cell Research and Immunology, George S Wise
Faculty of Life Sciences, Tel-Aviv University; *Department of Oncology,
Tel-Aviv Sourasky Medical Center; "Department of Oncology, Sackler
Faculty of Medicine, Tel-Aviv University, Tel-Aviv, Israel

In breast carcinoma, high levels of tumor-associated macrophages
are correlated with lymph node metastases and clinical aggressive-
ness. Potential candidates that may support the recruitment of
monocytes from the circulation into breast tumors are the members
of the CC subfamily of chemokines. In the present study we evalu-
ated the expression of the CC chemokine RANTES in sections of
breast cancer patients diagnosed in different stages of disease.
Our results indicate that high incidence and intensity of RANTES
expression were directly correlated with a more advanced disease,
suggesting that the chemokine may be involved in breast cancer
progression.

Analyses performed by using the T47D and MCF-7 human breast
adenocarcinoma cells indicated that RANTES expression is tightly
regulated by cytokines. Furthermore, the results of our study indi-
cate that T47D-derived RANTES partially contributes to monocyte
migration, and suggest that /in vivo this chemokine may be involved
in inducing monocyte infiltration to breast tumor sites. In the
present study we further characterized the paracrine and autocrine
mechanisms by which RANTES may support breast cancer pro-
gression. The results suggest that RANTES may be involved in a
complex process, in which a crosstalk between infiltrating mono-
cytes and the tumor cells may affect tumor progression.

A6

The relevance of translational research for
radiotherapy in breast cancer
H Bartelink

Antoni van Leeuwenhoek Ziekenhuis, The Netherlands Cancer
Institute, Amsterdam, The Netherlands

In several EORTC trials the role of radiotherapy in breast cancer
has been examined. It has been shown that patients with DCIS
radiotherapy have a reduced risk of both invasive and noninvasive
ductal cancer recurrences. For patients with early breast cancer
we demonstrated that a boost of 16 Gy reduces the risk of recur-
rence in the breast by nearly a factor of 2, and is especially
clinically relevant for patients younger than 50 years. In locally
advanced breast cancer patients, a similar reduction in the local
recurrence rate was seen when chemotherapy or hormontherapy
was added to radiotherapy.



Despite these achievements, we are not able to select enough
patients with the need for radiotherapy, and the required dose in
this patient population. New techniques, such as comparative
genomic hybridization assay, DNA microarrays, functional DNA
screens and functional yeast assays, may guide us more pre-
cisely toward the optimal treatment strategy in individual patients.
Furthermore, these research lines offer the possibility to investi-
gate the mechanism of action, and therefore lead to the develop-
ment of new drugs that will potentiate the cell-killing effect of
radiotherapy. This lecture focuses on the integration of these new
techniques in relation to the obtained results from the above-
mentioned clinical trials.

A7

Monocyte phagocytic function in patients with
breast cancer during therapy
D Baskic, NN Arsenijevic, LD Acimovic*

Institute of Microbiology and Immunology; and *Clinic for Surgery,
Faculty of Medicine, University of Kragujevac, Yugoslavia

The present study was designed to elucidate phagocytic function
of peripheral blood monocytes in patients with breast cancer
during surgery and chemotherapy. Absolute and relative number
of peripheral blood leukocytes and monocyte phagocytic function
(percentage of phagocytosis [PP], phagocytic index [Pl] and
capacity of phagocytosis [CP]) were determined in 29 patients
with breast cancer and 10 healthy individuals. These parameters
were determined at the time of diagnosis, following surgery and
after chemotherapy. The total count of circulating leukocytes, and
absolute and relative counts of polymorphonuclears and lympho-
cytes were not significantly different between investigated groups,
before and after therapy. The mean number of monocytes was sig-
nificantly lower in cancer patients at diagnosis, but increased fol-
lowing surgery reaching the control value. There were no
significant postchemotherapy changes in the number of mono-
cytes. PP, Pl and CP were decreased at the time of diagnosis. PP
and CP recovered to normal values following surgery, but Pl
remained decreased. Following chemotherapy PP and CP
remained stable, whereas Pl further decreased reaching the
values significantly lower than those found before the start of
chemotherapy. However, 3 months after last cycle of chemother-
apy, all tested parameters returned to normal values. These results
showed that phagocytic activity of cancer patients’ monocytes,
decreased at diagnosis, returned within the normal range after
surgical therapy. However, we need time to determine whether
the alteration in PBMo phagocytic activity may provide additional
prognostic information when monitoring surgically treated breast
cancer patients.

A8

Spontaneous apoptosis of circulating
T-lymphocytes and its correlation to their
prolactin receptor expression and prolactin
plasma levels in patients with breast cancer

T Bauernhofer, U Friebe-Hoffmann, T Hoffmann, G Dworacki,
B Vonderhaar, TL Whiteside

University of Pittsburgh Cancer Institute, Pittsburgh, Philadelphia; and
National Cancer Institute, NHI, Bethesda, Maryland, USA

We have previously shown that a higher percentage of circulat-
ing CD3* Tlymphocytes undergo spontaneous apoptosis in
cancer patients as compared with normal controls. Prolactin

Available online http://breast-cancer-research.com/content/3/S1

(PRL) has been reported to inhibit apoptosis in various cell
types, including a Nb2 rat lymphoma cell line. In addition, there
is evidence that the human PRL-antagonist hPRL-G129R
induces apoptosis in breast cancer cell lines. We investigated a
possible relationship between prolactin receptor (PRL-R)
expression and apoptosis of CD3* T lymphocytes, as well as
PRL plasma levels, in patients with breast cancer. Peripheral
blood mononuclear cells of patients (n=11) and sex-matched
normal controls (n=12) were stained with AnnexinV, anti-Fas
mAb (CD95), mouse antihuman PRL-R mAb B6.2, anti-CD3
mAb and respective isotype control mAbs. Multicolor flow
cytometry was used to compare expression of these markers on
T cell. In patients, 37 £ 19% (median £ SD) of CD3* cells bound
Annexin V, marking early apoptosis of T lymphocytes compared
with 17 £10% in controls (P<0.004). Furthermore, 82+ 15%
of the CD3* Tcells were Fas* in patients, compared with
5119% in controls (P<0.0001). All CD3* T lymphocytes were
positive for PRL-R expression in breast cancer patients, as well
as in normal control individuals. The mean fluorescence intensity
of PRL-R on Tlymphocytes of breast cancer patients was
106-172 (median 119) compared with 87-176 (median 123),
suggesting no difference in PRL-R expression on T lymphocytes
in patients versus controls. PRL plasma levels were comparable
in patients and normal controls (4.8+3.4ng/ml versus
9.8+ 4.6ng/ml). In concordance with these findings, PRL was
not able to inhibit the onset of apoptosis of Jurkat cells, a thymic
lymphoma cell line, incubated with Fas cross-linkihg CH-11
mAb. These results indicate that PRL/PRL-R might not be
involved in modulating Fas/Fas ligand interactions, which are, in
part, responsible for apoptosis of Tlymphocytes, leading to
excessive turnover of T cells in the circulation of patients with
breast cancer.

A9

Mutation detection in familial and sporadic breast
cancers by denaturing high-performance liquid
chromatography (DHPLC)

B Betz, D Larbig, TO Goecke, C Nestle-Kramling, HG Bender,
D Niederacher

Department of Obstetrics & Gynecology, Heinrich-Heine-University,
Diisseldorf, Germany

Objective: Denaturing high-performance liquid chromatography
(DHPLC) is a recently developed method for detection of mutation
that is gaining importance as a screening method for analyzing
familial breast cancers, as well as heterogeneous tumor material.
Method: DHPLC was established for mutation detection in
BRCA1/2 diagnostic, using more than 200 different positive con-
trols. Up until now, 64 DNA samples from patients with familial
background for breast cancer (BC) were analyzed by DHPLC for
BRCA1/2 mutations. An additional 136 sporadic BC were exam-
ined for p53 mutations, analyzing exons 5-8 by DHPLC. Positive
results were confirmed by direct DNA sequencing.

Results: The analysis of 64 DNA samples from patients with famil-
ial background for BC revealed several mutations and unclassified
variants (UVs). Twenty-three different p53 mutations could be
detected in 138 sporadic BC. Dilution of mutant DNA by wild-type
DNA revealed the high sensitivity of this method: 5% mutant DNA
is sufficient to achieve a positive DHPLC result. However, confirm-
ing a positive DHPLC result by DNA sequencing is difficult in het-
erogeneous tumor material.

Conclusion: DHPLC is a reliable, high-throughput technique for
detection of mutation in familial breast cancers, as well as in het-
erogeneous tumor material.



Breast Cancer Research Vol 3 Suppl 1

A10

Specific immunotherapy of MUC1-positive
adenocarcinomas with a recombinant vaccinia
virus expressing MUC1 and IL-2

N Bizouarne, P Squiban, B Acres, JM Balloul, MA Ohresser,
R Figlin*, A Belldegrun*, R Herrmant, C Rochlitzt

TRANSGENE SA, Strasbourg, France; *UCLA School of Medicine,
USA; "Kantonspital, Basel, Switzerland

Current therapies for most types of cancer focus on either surgical
or radiotherapeutic eradication of the primary tumor as the best
opportunity for cure. Therapy of disseminated disease has focused
on chemotherapy, but, with the exception of certain rarer types of
tumors, few patients are cured by chemotherapy, and even improve-
ments in survival have been difficult to demonstrate. TRANSGENE's
current approaches to oncology focus on the stimulation of the
body’s own immune system to induce rejection of tumors. One of
these approaches is antigen-specific therapy. The first product can-
didate for antigen-specific therapy expresses the tumor-associated
MUCH1 antigen, stimulating a cellular immune response that may be
useful in treating breast cancer and various epithelial cancers, such
as lung, pancreatic and ovarian cancers. The product developed is
a recombinant vaccinia virus containing sequences that code for
human MUC-1 antigen and interleukin-2. A phase|l trial in nine
women with breast cancer was performed, in which the potential
product was well tolerated without serious side effects, and MUC1-
specific immune responses were observed. Phase Il trials in breast
and in prostate cancer began during the second quarter of 1998. A
phase | trial in lung cancer patients is also in progress. During the
same period, a second-generation product was developed. The
new construct has been put into a highly attenuated vaccinia virus
(modified virus Ankara), the safety of which was tested in a clinical
trial in MUC1-positive cancer patients. Based on these results,
phase Il studies are in preparation to assess the clinical efficacy of
this product in different populations of patients whose tumors
express the MUC-1 tumor antigen.

A11

Novel morphoregulatory functions for the
adhesion receptor Ep-CAM in the mammary
epithelium

M Blazar, V Cirulli*, F Prins, SV Litvinov

Department of Pathology and Division of Laboratory Animals, Leiden
University Medical Center, Leiden, The Netherlands; *The Whittier
Institute for Diabetes, University of California San Diego, La Jolla,
California, USA

Ep-CAM, an epithelial cell-cell adhesion receptor, is often over-
expressed in association with proliferation and remodeling in epithe-
lial tissues. Development of the mouse mammary gland during
pregnancy is associated with a progressive upregulation of Ep-
CAM expression, eventually reaching very high levels at day 16 of
pregnancy. This phenomenon is paralleled by a concomitant
branching of the mammary ductal tree and a sustained epithelial cell
proliferation. Using a MMTV-LTR/Ep-CAM transgenic mouse model,
we demonstrate that forced expression of Ep-CAM in the mammary
epithelium leads to an induction of budding and secondary branch-
ing of the glandular tree in virgin females. Interestingly, a complete
cycle of gestation in the Ep-CAM transgenic mice results in extreme
ductal hyperplasia/ductectasia and lobular hypoplasia, in combina-
tion with partially decreased differentiation of both ductal and alveo-
lar (lobular) epithelial cells. Surprisingly, mammary gland involution
is affected because of a decreased frequency of apoptotic figures
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and increased rate of cell proliferation. These results support novel
morphoregulatory functions for the adhesion receptor Ep-CAM in
epithelial tissue development and homeostasis.

A12

Transcriptional regulation of apoptosis in mouse
mammary gland

MP Boland, EA Kritikou, RS Chapman®*, JL Heeley,
RWE Clarkson, CJ Watson

Department of Pathology, University of Cambridge, Cambridge, UK;
*CRC Institute for Cancer Studies, University of Birmingham,
Birmingham, UK

Postlactational regression of the mammary gland is characterized by
extensive apoptosis of the epithelial compartment. Involution occurs
in two phases: an early reversible phase and a later phase accom-
panied by breakdown of the extracellular matrix and remodeling of
the gland. We have used both knockout mice and a cell-culture
model to identify the transcription factors that regulate the early
phase of involution. Conditional deletion of Stat3 results in dimin-
ished apoptosis and delayed involution, whereas, in contrast, loss of
IRF-1, a downstream target of Stat1, accelerates the first phase of
involution. We have begun to analyze in more detail the molecular
events associated with the activation of these transcription factors.
Downstream targets have not been identified, although IGFBP-5
may be an indirect target of both Stat3 and IRF-1. In the absence of
Stat3, elevated levels of p21, p53 and Stat1 are observed. Using a
mammary epithelial cell culture model, KIM-2, and inducible activa-
tion of Stat3 and Stat5, we have shown that dimerization of Stat3
alone is sufficient to induce apoptosis of KIM-2 cells. Furthermore,
apoptosis can be significantly increased by blocking a survival
pathway. In contrast, dimerization of Stat5 provides a differentiation
signal and, subsequently, a survival signal for differentiated KIM-2
cells. Interplay between Stat3 and Statb, identification of down-
stream targets, and crosstalk with other pathways is now being
investigated.

A13

Association of the Epstein-Barr virus with breast
cancer: in vivo and in vitro studies
M Bonnet-Dugeynoy, H Arbach, K Takada*, | Joab

INSERM 99-32, Hépital Saint Louis, Paris, France; *Institute for
Genetic Medicine, Hokkaido University, Sapporo, Japan

Epstein—Barr virus (EBV) may be a cofactor in the development of
different malignancies, including several types of carcinomas. We
demonstrated the presence of EBV in human breast cancers. We
detected the EBV genome by PCR in 51% of the tumor biopsies. In
90% of the cases studied, the virus was not detected in healthy
tissue. The presence of the EBV genome in breast tumors was con-
firmed by Southern-blot analysis. The EBV latent protein EBNA-1
was observed in a fraction (5-30%) of tumor epithelial cells.
Expression of the EBV genes BNLF1 and BARFO will be reported.
A statistical relationship was established between the presence of
EBV and several poor prognostic factors. EBV may be a cofactor
in the development of a subset of breast cancers.

Latently EBV infected breast undifferentiated human epithelial cell
line, MDA-MB-231, was obtained and injected into nude mice.
Tumors were obtained in which EBV persists. The persistence of EBV
in nude mice tumors, in the absence of any selection, suggests that
mammary epithelial cells could be a natural host for EBV. These
models will be used for the elaboration of specific therapeutic targets.



Normal breast mammary epithelial cells are now being infected by
EBV in order to investigate the oncogenic potential of EBV in those
epithelial cells.

A14

Bovine leukemia virus in human breast tissues
GC Buehring, KY Choi, HM Jensen*

University of California, Berkeley; *University of California, Davis,
California, USA

Bovine leukemia virus (BLV) is an oncogenic retrovirus that com-
monly infects cattle and causes a B cell leukemia/lymphoma in %o
of 1% of infected cattle. BLV is present in much of marketed beef
and dairy products, and breast cancer incidence is greatest in
countries with high consumption of bovine foodstuffs. We were
therefore interested in determining whether humans were infected
with BLV, and whether it might play a role in breast cancer. In pre-
vious studies we found that many humans had antibodies to BLV
envelope glycoprotein (gp51) and capsid protein (p24), suggest-
ing humans might possibly be infected with BLV. We used
immunohistochemistry (IHC) and in situ PCR (IS-PCR) to detect
viral protein and proviral DNA, respectively, as signs of infection in
surgically excised human breast tissue sections. IHC utilized a
monoclonal antibody to the BLV p24 capsid protein. IS-PCR uti-
lized primers from the tax region of the BLV genome to amplify a
product with directly incorporated digoxigenin-11dUTP tags, which
were then detected with a peroxidase-conjugated antibody to
digoxigenin. The majority of the breast tissues had evidence of BLV
proviral genome and four out of 27 were positive for BLV capsid
protein. We are working to accumulate data on enough samples to
determine whether infection of breast tissue is associated with the
pathologic classification of the tissue. This research was sup-
ported by funds from the California Breast Cancer Research
Program.

A15

Restored expression of Fhit protein in Fhit-minus
breast cancer cells
M Campiglio, C Olgiati, P Aiello, CM Croce*, S Ménard

Molecular Targeting Unit, Department of Experimental Oncology,
Istituto Nazionale Tumori, Milan, Italy; *Kimmel Cancer Institute
Thomas Jefferson University, Philadelphia, USA

The gene FHIT, encompassing the FRA3B fragile site, is located in
a region of chromosome 3p14.2 that is often deleted in several
types of epithelial cancers and, therefore, it has been investigated
as a candidate tumor suppressor. In breast cancer inactivation of
FHIT occurred in 70% of the patients, and it is caused by both
alterations in the regulation of Fhit expression and by deletions of
the gene. Moreover, analysis of 500 cases of breast carcinomas
with 20 years of follow up demonstrated that loss of Fhit protein is
associated with high proliferative, large and undifferentiated
tumors, even though Fhit is not a prognostic factor. In order to elu-
cidate the possible role of FHIT as a tumor suppressor in breast
cancer and to identify its mechanisms, Fhit protein-negative breast
cancer cell lines lacking endogenous protein expression were
stable transfected with FHIT cDNA. Stable transfectant clones
showed no alteration in cell morphology and in in vitro anchorage-
dependent and independent proliferation. A significant delay in the
tumor growth in nude mice was observed for some Fhit-positive
clones; in an additional case the outgrowing of the tumor was due
to loss of Fhit expression in vivo. Interestingly, some Fhit-positive
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clones are able to develop tumors in vivo despite high stable Fhit
expression, prompting us to investigate the different mechanisms
between the two types of Fhit-expressing clones.

Supported by AIRC.

A16

Identification of HER2-positive breast carcinomas
as a particular subset with peculiar clinical
behaviours

P Casalini, S Ménard, A Balsari, E Tagliabue, M Campiglio,
R Bufalino, N Cascinelli

Istituto Nazionale Tumori and *Institute of Pathology, University of
Medicine, Milan, Italy

A large series of 2000 primary breast carcinomas was analyzed for
HER2 overexpression, and its prognostic potential. A subset analy-
sis, considering HER2-positive tumors as an independent subset
of breast carcinomas, was conducted. In our series, HER2 positiv-
ity was not associated with nodal status, unless the number of infil-
trated nodes was considered, whereas it was strongly associated
with large tumors (P>107%), grade Ill tumors (P>1074), lymphoid
infiltration (P>1074) and absence of hormone receptor expression
(P>10-%). HER2 overexpression was a strong prognostic indicator
in N* patients (P<10-7), whereas its prognostic impact was weak
and not statistically significant in the N~ patients. Analysis of the
hazard ratio of relapse in relation to time from surgery indicate that
the poor prognosis associated with HER2-positivity in N* patients
was found to be due to a peak of relapses in the first 3—4 years
from surgery. Multivariate analysis of different prognostic factors in
HER2* and HER2- subsets indicated that grade is the most impor-
tant factor, followed by nodal status, lymphoid infiltration and tumor
size in HER2-negative breast carcinomas, whereas nodal status
was the most important prognostic factor, with tumor size showing
only borderline significance, in the HER2-positive group. Together,
the results indicate that HER2-positive breast carcinomas repre-
sent a particular subset of tumors with peculiar clinical and patho-
logical behaviours. Thus, conclusions drawn from clinical trials,
which serve as the basis for clinical management of breast carcino-
mas, might not always be valid for this low-frequency subset.
Supported by AIRC.

A17

Prevention of thymic atrophy in mammary tumor
bearers by IFN-y
V Charyulu, B Adkins*, D Lobo*, DM Lopez*

Florida Atlantic University, Department of Health Sciences, Boca
Raton; *Department of Microbiology and Immunology, University of
Miami School of Medicine, Miami, Florida, USA

Development of the invivo transplantable D1-DMBA-3 mammary
tumors results in an alteration of several cytokines in the host, and
IFN-y is one of the most severely downregulated. Notably, the thy-
muses of these mice display a profound atrophy that is associated
with a severe depletion of CD4+8* thymocytes. Investigations into
the possible mechanisms that lead to this thymic atrophy revealed
that the levels of proliferation assessed by in vivo labeling with
5’-bromo-2’-deoxyuridine (BrdU) were similar in control and tumor-
bearing mice. However, our studies implicated a modest increase in
apoptosis, coupled with an arrest at the triple negative stage of dif-
ferentiation in the thymic hypocellularity in tumor bearers. We have
transfected the DA-3 mammary tumor cell line, derived in vitro from
the in vivo D1-DMBA tumors, with the IFN-y gene and showed the
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production of high levels of IFN-y protein by the transfected cells.
Inoculation of hosts with IFN-y transfected cells 4 days prior to chal-
lenge with the D1-DMBA-3 tumor resulted in a blockage of the
thymus involution in these mice. In contrast, using in the same pro-
tocol untransfected DA-3 cells, the progressive atrophy observed in
animals with D1-DMBA-3 tumors was observed. These results
suggest that the lack of IFN-y may be an important factor in the
thymic atrophy that occurs during mammary tumorigenesis.

A18

Immunotoxins: experimental design
P Dall, W Wels*

Department of Obstetrics & Gynecology, Diisseldorf University
Medical Center, Diisseldorf; *Georg-Speyer-Haus
(Chemotherapeutical Research Institute), Frankfurt, Germany

One of the major goals of tumor immunotherapy is to overcome
immune escape and tumor anergy mechanisms. The identification of
(relatively) tumor-specific epitopes is more important for adoptive
immunotherapy strategies than their immunogenicity. In the immuno-
cellular approach, D44v-epitope-specific T-cells were cloned intro-
ducing a fusion gene encoding the single chain Fv-fragment of
CD44v-specific mAb and the zeta-chain of the TCR complex. MHC-
independent retargeted cytotoxicity could be shown toward antigen-
expressing tumor cells in vitro and in vivo. In a humoral approach, the
fusion gene for a Her2neu-specific scFv and a bacterial toxin was
expressed in E coli. After purification the fusion toxin showed signifi-
cant activity in animal experiments using Her2-neu-expressing tumors.
Meanwhile, the first six patients suffering from Her2-neu-expressing
cancers have been treated topically so far. No significant systemic or
local side effects could be detected. Four out of six patients had a
local PR/CR. Further clinical studies are warranted and ongoing.
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Three-dimensional ultrasound-guided biopsy of
breast lesion: a new diagnostic support in the
preoperative diagnosis

L Delle Chiaie, S Schindelmann, | Heinich, V Heilmann,
G Helms, R Terinde

University Clinic, Ulm, Germany

A safe and precise preoperative histologic diagnosis is the goal in
the modern treatment of breast cancer, to optimize the surgical
radicality and to reduce unnecessary mutilation without increasing
the risk of residual cancer and later recidives and to optimize the
degree of surgical radicality. Ultrasound-guided procedures are
useful in biopsying US-detectable breast lesions. In recent years
many bioptic procedures have been developed; each shows
advantages and disadvantages, but until now none has been
defined as the optimal one.

The aim of our study was to improve and to optimize the reliability
of the high-speed breast core biopsy, using three-dimensional
ultrasound guidance.

From September 2000 to March 2001, we performed 57 high-
speed breast core biopsies (Bard Instrument) under 3D US guid-
ance (three dimensional representation of the needle in the lesion):
13 lesions had a diameter >2cm and 44 had a diameter <2cm; in
13 of the latter the diameter was <1cm. From each tumor we
obtained only 2 to 3 bioptic cores (in at least one core we demon-
strated the presence of the needle central or marginally in the lesion).
All of the patients underwent breast operation after the bioptic his-
tologic diagnosis (at biopsy approximately 90% had breast cancer,

23rd Congress of the International Association for Breast Cancer Research

and approximately 10% did not have malignant lesions). The diag-
nosis of malignancy or benignancy was confirmed in 97% of cases
(55/57); two false-negative bioptic results indicated hyperplasy
and suspected adenosis, but the successive postoperative diagno-
sis showed clear malignancy.

With 3D US support we were able to reduce the number of biop-
sies for each lesion (two to three) without reduction of the histologic
results, also reducing the costs and the possible complications
(haematomas, infections and malignant cell spreading).

A20

Genetic modifiers of cancer risks conferred by
BRCAT1 and BRCA2

P Devilee
Leiden University Medical Center, Leiden, The Netherlands

Approximately 15% of all breast cancer patients have a positive
family history of the disease. BRCA1 and BRCAZ2 are two genes
that explain major proportions of families with multiple cases of early-
onset breast and/or ovarian cancer. Despite the high risks of breast
and ovarian cancer conferred by deleterious BRCA7 and BRCA2
mutations, a strong variability in phenotype has been observed
among families segregating the same mutation. This can range from
early-onset breast cancer and ovarian cancer, to late-onset breast
cancer without ovarian cancer. Even within a single pedigree, ages
of onset of cancer can vary substantially. These observations support
the idea that disease outcome in carriers is codetermined by other
factors. Different risk estimates for BRCA mutations, depending on
the type of population studied, also attest to this point. Risk esti-
mates derived from families with multiple cases of early-onset breast
cancer, used for linkage analysis to detect BRCA71 and BRCA2,
came out substantially higher than those from population-based
studies, and risks also appear to differ between populations.

Both genetic and environmental factors are thought to interact with
BRCA1 and BRCA2. The influence of nongenetic factors is demon-
strated by the finding that even identical carrier twins may differ in
disease history. Simple chance may determine age of onset, because
multiple genetic mutations are required for full tumorigenesis. Thus far
we are not even sure whether modifiers of BRCA-conferred risk actu-
ally exist, but some suggestive associations have been reported,
which will require independent confirmation. Rare alleles at HRAS1
were found to increase risk of ovarian cancer in BRCAT carriers,
whereas breast cancer risk has been found to be modified by rare
alleles at the androgen receptor. Among Ashkenazi Jewish women, a
polymorphism in the 5°UTR of the RAD57 gene increased risk of
breast cancer fourfold, but only in carriers of the BRCA2-6174delT.
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A novel sodium phenylacetate-dextran derivative
ester inhibits the growth and angiogenesis of
MCF-7ras breast cancer xenografts

M Di Benedetto, D Briane, O Oudar, O Sainte Catherine,

J Jozefonvicz*, M Kraemer, M Crépin

UPRES 2360, Equipe d'Oncologie cellulaire et moléculaire des
tumeurs SMBH, Université Paris, Bobigny, France; *Laboratoire de
Recherches sur les Macromolécules (LRM), Institut Galilée,
Université Paris, Villetaneuse, France

We previously showed that sodium phenylacetate (NaPa) and car-
boxymethyl benzylamide dextran (CMDB) are both able to block the
tumor growth of the breast cancer cell line MCF-7ras in athymic
mice. In this study, we studied the effect of a new molecule: a CMDB



esterified by phenylacetic acid (NaPaC). /n vitro, NaPaC can inhibit
threefold to fourfold more MCF-7ras proliferation than NaPa alone.
Furthermore, we showed that the antiproliferative activity of NaPaC
was dependent on phenylacetate substitution. /nvivo studies
showed that a very low dose of NaPaC (16mg/kg) inhibited the
MCF-7ras tumor growth of 60% without animal toxicity. The inhibi-
tion of tumor growth was concomitant with a reduction in angiogene-
sis and an increase in necrosis. Moreover, we demonstrated that
NaPaC inhibited the paracrine mitogenic effect of MCF-7ras condi-
tioned medium (CM) on fibroblasts and endothelial cells proliferation.
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Nongenomic effects of estrogens on signal
transduction pathways in estrogen-sensitive
carcinoma cell lines

S Djahansouzi, D Niederacher, B Hanstein, P Dall, HG Bender

University Hospital Diisseldorf, Department of Obstetrics and
Gynecology, Diisseldorf, Germany

Research thus far has concentrated mainly on the classical steroid
hormone (SH) receptors and on the underlying mechanisms of
antihormone interactions with these receptors. This is mainly
because, in the conventional view, estrogen (E) and progesterone
produce most of their effects through interaction with
cellular/nuclear receptors with subsequent alteration of the gene-
regulating machinery. However, emerging data suggest that these
lipophilic hormones are also able to produce rapid effects within
several seconds, which cannot be adequately explained through
the classical mechanism. Further investigation has recently led to
the discovery of membrane-bound forms of E-receptors, which are
coupled to cytosolic signal transduction proteins. These rapid
responses have been observed in several tissues such as myome-
trial cells, neurons, endothelium, osteoblasts, granulosa cells and
some breast cancer cell lines. The binding of E to these cell-
surface forms of E-receptors is thought to activate several second
messenger systems via the activation of G-proteins, resulting in the
activation of different protein kinases. One such kinase is the
mitogen-activated protein (MAP) kinase, which may serve as a
stimulus for cell proliferation.

We report preliminary results showing the functional existence of
such receptors in the human breast carcinoma cell line MCF-7.
Using spectrofluorometry to measure the intracellular calcium con-
centration, evidence has been collected that the addition of E to
these cells causes a rapid rise in the intracellular calcium concen-
tration. This mechanism may prove to be an important initial signal-
ing pathway, leading to the activation of specific protein kinases
and subsequent proliferation.
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Prognosis and treatment of locally recurrent
breast cancer

J Dunst

Martin-Luther-University, Department of Radiotherapy, Halle, Germany

Even in case of adequate curative treatment of the primary tumor,
approximately 10-20% of all patients will develop a locoregional
recurrence in the course of disease. At the time of diagnosis of the
recurrence, one-third of patients already has distant metastases.
The 5-year survival for patients without metastases is approximately
40%. Prognostic factors are the initial lymph-node status and the
disease-free interval. Whether in-breast recurrences (IBTR) carry a
better prognosis than chest-wall recurrences after mastectomy is
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not definitively clear; the better survival after IBTR might be due to
a selection bias for breast preservation.

A major goal of treatment for locoregionally recurrent breast cancer
is to achieve local control at the recurrent site. This includes
surgery and/or radiotherapy. For local control, the patterns of local
spread (scar or outside scar, multifocality, size, site) are important.
In irresectable lesions, the addition of hyperthermia to radiotherapy
yields improved local control. Encouraging local control rates have
also been reported from some phase Il studies with concurrent
radiochemotherapy. In general, patients with local control at the
recurrent site have a significantly better long-term prognosis as
compared with patients with re-recurrence.

Local recurrence is often associated with subsequent occurrence
of distant metastases. Prophylactic (‘adjuvant’) systemic treatment
is theoretically justified, but its impact on prognosis is unclear. Hor-
monal treatment is recommended if the recurrence is positive for
ER/PR receptors. The use of chemotherapy is currently being
investigated in several multicentre studies.
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Telomerase activity and bcl2 expression in human
breast cancer

AE Elkak, K Kirkpatrick, L Mears, C Wells, M Ghilchick,
K Mokbel

The Breast Cancer Centre, St George's Hospital, London, UK

Background: Telomerase is a ribonucleoprotein that synthesizes
telomers and plays an important role in cellular immortalization.
Bcl2 gene encodes for a mitochondrial protein that is thought to
prevent apoptosis of normal cells. We previously reported telo-
merase activity in 74% of human invasive breast cancers, and
detected a significant association between telomerase activity and
prognostic parameters such as nodal status, tumour size and cellu-
lar proliferation. We hypothesized that telomerase reactivation in
human breast cancer was associated with reduced immunohisto-
chemical expression of bcl2.

Materials and method: Bcl2 immunohistochemical expression was
determined in 25 infiltrating breast carcinomas with known telo-
merase activity (17 telomerase-positive and 8 telomerase-negative).
The percentage of strongly and moderately stained tumour cells for
bcl2 was determined by a breast pathologist who was blinded to
telomerase data. Fisher's exact test was used to examine the asso-
ciation between telomerase activity and bcl2 expression.

Results: The median percentage of strongly stained tumour cells
was 50% for telomerase-positive tumours (range 0-100%) and
45% for telomerase-negative tumours (range 0-100%). Twelve
(70%) out of 17 telomerase-positive tumours expressed strong or
moderate bcl2 staining in more than 50% of tumour cells, compared
with six (75%) out of eight telomerase-negative tumours (P=1.0).
Conclusion: Telomerase reactivation appears to be independent
of bcl2 protein expression in human breast cancer.
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Protection against growth of MUC1/sec transfected
mammary tumor cells is mediated by an effector
cell with perforin-dependent cytotoxicity

T Fu, L Herbert, | Keydar*, DM Lopez

Department of Microbiology and Immunology, University of Miami School
of Medlicine, Miami, Florida, USA; *Tel-Aviv University, Tel-Aviv, Israel

We have previously found that DA-3 mammary tumor cells trans-
fected with the secreted form of the MUC1-gene (DA-3/sec)
resulted in no tumor growth, whereas transfection with the
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neomycin vector alone (DA-3/neo) or with the transmembrane form
of MUC-1 (DA-3/TM) did not change the growth characteristics of
the DA-3 cells. Implantation of the DA-3/sec in nude mice resulted
in tumor development, indicating that the immune response is a
major cause of the lack of growth of these cells in immunologically
intact mice. /n vitro activated spleen cells from DA-3/sec-injected
mice showed strong cytotoxicity against DA-3/sec, but not to
DA-3, DA-3/neo or DA-3/TM cells. This cytotoxicity was clearly
neutralized by in vivo administration of anti-CD3 monoclonal anti-
body, but not by anti-CD4 or anti-CD8 antibodies. Analysis of the
mechanism of killing of the effector cells revealed that anti-Fas anti-
body did not affect the reaction. Furthermore, FasL-transfected
EL-4 cells were not able to kill the DA-3 cells. In contrast, con-
canomycin A, a perforin-specific inhibitor, greatly reduced the cyto-
toxicity of spleen cells from DA-3/sec-injected mice. These data
suggest that a cell with a phenotype compatible to that of a NK
Tcell, may be responsible, at least in part, for the protection
against the growth of DA-3/sec cells in immunocompetent mice.
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Regulation of episialin/MUC1 expression in
breast carcinomas: a complex interplay between
stimulatory and inhibitory factors

| Gaemers, H Volders, J Hilkens

Division of Tumor Biology, Netherlands Cancer Institute, Amsterdam,
The Netherlands

Episialin/MUC-1 is an epithelial mucin-like transmembrane glyco-
protein, which is highly overexpressed in a majority of human carci-
nomas, in particular breast and ovarian carcinomas. We and others
have shown that this overexpression results in reduced adhesion
and a higher metastatic potential of the tumor cells [1]. The overex-
pression of episialin originates mainly at the transcriptional level
(10-fold or more increased levels of episialin mRNA are found in
breast tumor specimens and breast carcinoma cell lines [2,3]).
Consequently, information on the regulation of the episialin pro-
moter may provide a clue to the regulation of metastasis. Examina-
tion of the episialin promoter revealed several putative regulatory
elements.

(1) We have shown that the episialin promoter is positively regulated
by STATs (signal transducers and activators of transcription) in
T47D breast and other carcinoma cell lines, using several estab-
lished inducers of episialin expression (eg IFN-y and IL-6) as STAT-
activating ligands [3]. IL-6 (an activator of STAT3) can stimulate the
episialin promoter, and binding of STAT3 to the STAT element in the
episialin promoter is observed in bandshift assays [3]. The possible
involvement of STATs in tumor progression (eg via episialin expres-
sion) is also indicated by the increased levels of activated STAT3
that are found in breast carcinoma cell lines with a high episialin
expression [4]. Similar results are found in vivo, where constitutive
activation of STAT1 and/or STAT3 is found in breast tumors [5].

(2) Glucocorticoids also can stimulate episialin expression in T47D
cells through binding of the glucocorticoid receptor (GR) to GRE
half sites present in the episialin promoter [4].

(8) In addition, we report that glucocorticoids can attenuate the
effect of IL-6/STATS, using reporter, bandshift and FACS assays
[4]. The effect of glucocorticoids on STAT3-mediated episialin
expression occurs both through direct interactions between
STAT3 and GR, as well as via indirect pathways. Conversely, addi-
tion of IL-6 can augment GR-mediated episialin expression [4].

(4) We have also identified a 200-bp sequence fragment far
upstream in the episialin promoter that may bind a negative regula-
tor of episialin expression. The identity and exact binding sequence
of this putative inhibitor has not yet been determined.
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We conclude that the expression of episialin/MUC1 is determined
by a balance between positive and negative regulators, which is
distorted in tumors, leading to a higher episialin expression and
thus a more aggressive tumor type.
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Characterization of a hormonally induced reverse
transcriptase (RT) from the human breast cancer
cell line T47D: a possible involvement in human
breast cancer

M Golan, A Hizi*, | Keydart, | Tsarfaty
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Since the discovery of the mouse mammary tumor virus (MMTV),
which was shown to be involved in mouse mammary carcinoma,
there has been an attempt to discover similar viruses associated
with human breast cancer. We have already shown that the human
mammary carcinoma cell line T47D releases retrovirus-like parti-
cles in response to steroid treatment.

An RT transcript from T47D cells was isolated, using RT-PCR with
primers based on the published T47D endogenous retroviral po/
sequences. The PCR product encodes a 372-amino-acid long
protein. The new T47D RT is almost identical to both previously
described RTs from T47D cells, as well as to the enzymatically
active RT from human bone marrow cells (95 and 97% identity,
respectively). The DNA product was cloned into a bacterial expres-
sion system. A 42-kDa RT-related fragment was expressed, puri-
fied, and used to immunize rabbits. The antibodies recognize a
60-70kDa hormonally induced protein specifically in T47D cells.
Moreover, steroid hormones induce the apperance of RT protein
foci in the cell cytoplasm, as demonstrated by confocal laser
microscopy. A parallel hormonal induction of the RT activity in cell
supernatants was observed. Expression of the RT-related protein
was also detected in tumor cells of breast cancer biopsies sec-
tions. These results support the idea that retroviruses may be asso-
ciated with human breast carcinoma.
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Antitumor potential of bisphosphonates
JR Green
Novartis Pharma AG, Basel, Switzerland

Bisphosphonates (BPs), especially those with a nitrogen-contain-
ing substituent, are potent inhibitors of osteoclast-mediated bone
resorption. They have found extensive clinical use for the treatment
of both benign and malignant bone disease. BPs bind to hydroxy-
apatite and rapidly accumulate in bone where they inhibit the
mevalonate biosynthetic pathway, thereby preventing the post-
translational prenylation of small GTP-binding proteins and induc-
ing apoptosis in osteoclasts. Recent in vitro studies indicate that
BPs also inhibit proliferation, reduce viability and induce apoptosis
in several human tumor cell lines. In addition, BPs reduce the inva-
sion of tumor cells through extracellular matrix and impair the



binding of tumor cells to bone in vitro. This growing body of evi-
dence suggests that BPs may have the potential to exert direct
antitumor effects in vivo, particularly in bone metastases where the
local BP concentration is elevated by the enhanced osteoclastic
resorption of BP-loaded bone. Several experiments with zoledronic
acid (a highly potent BP with an imidazole substituent) adminis-
tered to mice injected with mammary, prostate or myeloma cancer
cells indicate not only inhibition of the tumor-induced osteolysis,
but also a reduction in the growth of bone metastases, accompa-
nied by the induction of tumor cell apoptosis. Moreover, zoledronic
acid has recently been shown to potently inhibit endothelial cell
proliferation in vitro and angiogenesis in mice bearing subcuta-
neous implants loaded with growth factors. Overall, these findings
provide a rationale for testing the antitumor potential of the more
potent nitrogen-containing BPs in pilot clinical trials.
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Transcriptional regulation through the estrogen
receptor (ER)-a and splice variants of ER-f via
classical and nonclassical signal transduction
pathways

B Hanstein, T Fl6totto, D Luke, D Niederacher, HG Bender
Universitéts-Frauenklinik Diisseldorf, Germany

The aim of this study was to analyze the transcriptional regulation of
different ERs via alternative cis-elements. For this purpose we per-
formed transient transfections with a luciferase reporter plasmid for
estrogen-responsive elements (ERE) and AP-1 elements, and
expression plasmids for ER-0, ER-1 and ER-f2. Cells were left
unstimulated or stimulated with E2, tamoxifen or raloxifen. We found
that, in the breast cancer cell line SKBR3, ER-B1 lead to a signifi-
cant inhibition of AP-1 activity by E2, whereas through ER-2 E2
lead to a stimulation of transcriptional activity. Antiestrogens inhib-
ited transcription through ER-B1 but did not exhibit an effect
through ER-B2. When transfecting ER-B1 in SKBR3 cells the basal
transcriptional activity increased, in contrast to the results obtained
when transfecting the human osteosarcoma cell line U20S with the
same receptor. E2 in SKBRS3 cells leads to a significant transcrip-
tional inhibition, whereas this effect is not seen in U20S cells. Also
the antiestrogens tamoxifen and raloxifen exhibit in SKBR3 cells via
the same receptor a transcriptional inhibition, but in contrast in
U20S cells they lead to a stimulation of transcription. In summary,
splice variants of ER-B are able to regulate the actvity of the AP-1
complex differentially, indicating that the relative expression of these
variants in a tumor could modulate its hormonal sensitvity.
Sponsored by DFG Ha 2404/2-1.
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Late radiation sequelae in women after breast-
conserving cancer therapy: effects of hyperbaric
oxygen therapy

KA Hartmann, JJ Feldmeier*, G Schmitt, UM Carl
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Germany; *Department of Radiation Oncology, Medical College of
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Background: Persisting symptomatology after breast-conserving
surgery and radiation is frequently reported. In most cases symp-
toms in the breast resolve without further treatment. In some
instances, however, pain, erythema and edema can persist for
years and can impact on the patient’'s quality of life. Hyperbaric
oxygen therapy was shown to be effective as treatment for late
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radiation sequelae. The objective of this study was to assess the
efficacy of hyperbaric oxygen therapy in symptomatic patients after
breast cancer treatment.

Patients and method: Forty-four patients with persisting symptoma-
tology after breast-conservation therapy were prospectively observed.
Thirty-two women received hyperbaric oxygen therapy in a multiplace
chamber for a median of 25 sessions (7-60). One hundred per cent
oxygen was delivered at 240kPa for 90-min sessions, five times per
week. Twelve control patients received no further treatment. Changes
throughout the irradiated breast tissue were scored before and after
hyperbaric oxygen therapy, using modified LENT-SOMA criteria.
Results: Hyperbaric oxygen therapy patients showed a significant
reduction in pain, edema and erythema scores as compared with
untreated controls (P<0.001). Fibrosis and teleangiectasia,
however, were not significantly affected by hyperbaric oxygen
therapy. Seven out of 32 women were free of symptoms after
hyperbaric oxygen therapy, whereas all 12 patients in the control
group had persisting complaints.

Conclusion: Hyperbaric oxygen therapy should be considered as a
treatment option for patients with persisting symptomatology fol-
lowing breast-conserving therapy.
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Sentinel lymph node biopsies in breast cancer
A Hess, MO FliiB*, C Nestle-Kramling, HG Bender, P Dall
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Introduction: Lymph node biopsy is not only important as a prog-
nostic factor, but also influences therapy. However, axillary lym-
phadenectomy is often accompanied by high morbidity. The
sentinel lymph node biopsy (SLN) should reduce the morbidity, but
give the same prognosic value. In 97.5% cases metastasis occurs
in lymph nodes (LN) of level | first, and only less than 3% directly in
LN level Il. The first draining LN can be identified either by radioac-
tive material or colouring technique.

Method: Patients with primary breast cancer (41 cases, age
30-80 years), 1 day before surgery, received peritumoral 1-3ml
nanocolloid containing 99m-technetium, with scintigraphy per-
formed 30-120 min later. Alternatively 2 ml Patentblau (2.5% Byk
Gulden) was applied during the surgery 15 min before the axillary
lymphadenectomy. The marked LN was separated and sent to
pathology together with the other LN.

Results: Seventeen patients received Tc-nanocolloid, 21 Patent-
blue. Three patients were treated with both identification methods.
Out of 41 patients, 14 had an axillary metastasis. Comparison of
radioactive labelling showed no false-negative results, but 7.3%
false negativity was obtained with the colour method.
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Organochlorines and breast cancer: effect of
exposure to dieldrin on risk and survival
AP Hoyer, T Jorgensen*, AP Grandjeant

Copenhagen Center for Prospective Population Studies, Denmark;
*Center of Preventive Medicine, KAS Glostrup, Denmark; TInstitute of
Community Health, Odense, Denmark

Some organochlorines have weak estrogenic activity, and may there-
fore interfere with breast cancer risk and survival. We assessed
prospectively risk and prognosis of breast cancer in relation to serum
concentrations of several compounds, which have shown to be
estrogenic invitro and invivo. Study participants (7712 women)
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donated blood twice (1976-1978 and 1981-1983) and were fol-
lowed for 17 years with regard to development of breast cancer.
Information on potential breast cancer risk factors and prognostics
were obtained through standardized questionnaires and by linkage
to the Danish Breast Cancer Cooperative Group.

Breast cancer risk associated with baseline exposure in
1976-1978, and repeated measurements of organochlorines
(average concentration of the two measurements) was examined in
two cohort-nested case—control studies, including 240 cases and
477 controls, and 155 cases and 274 controls, respectively. The
cases served as a cohort in the survival analysis, in which the
average duration of follow up to death was 86 and 79 months after
the first and second sampling.

The most consistent finding observed was dieldrin’s adverse effect
on breast cancer risk as well as prognosis. More than a twofold
increased risk was found among women with the highest baseline
concentration compared with those with the lowest, and a signifi-
cant trend was apparent. A high serum dieldrin concentration was
also significantly associated with an increased overall mortality,
being threefold for baseline measurements and almost sixfold
when repeated measurements was assessed. Similar results were
obtained when using breast cancer recurrence and/or death
caused by breast cancer as end-point.
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Fhit loss in familial breast cancer: is loss of DNA
repair function linked to alterations at
chromosome fragile sites?

K Huebner, B Turner, WW Hauck*, N Popescu
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The FHIT gene at 3p14.2 encompasses the common fragile site,
FRA3B, and is involved in frequent chromosome rearrangements in
human cancers. Fhit protein expression is reduced or lost in the
majority of esophageal, lung, gastric, cervical, pancreatic, kidney
and bladder cancers, and a large fraction of other cancers. Fhit
expression in sporadic breast cancers has been studied by several
groups, and reported to show alteration in expression of Fhit in
30-50%. Because familial breast cancers were reported to show a
higher frequency of LOH at 3p14.2 than sporadic breast cancers,
we were interested in whether common fragile regions might be
targets for repair by the Brcal and Brca2 proteins, and might thus
be a downstream target in BRCA1- and BRCA2-induced familial
breast tumors. We studied a panel of Brca2-deficient breast tumors
and showed that only 18% expressed Fhit strongly, compared with
48% of sporadic tumors (P=0.002). Very recently we completed a
similar study of BRCA1 familial tumors, and observed that only 9%
of these tumors showed strong expression versus more than 40%
of sporadic breast tumors (P<0.001, odds ratio 0.09). We con-
clude that loss of BRCA1 and BRCAZ2 functions affect stability of
the FHIT/FRAS3B locus and possibly other fragile loci.
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ErbB family of receptors in breast cancer
NE Hynes, A Motoyama, HA Lane

Friedrich Miescher Institute, Basel, Switzerland

The ErbB2 receptor tyrosine kinase is overexpressed in many
human breast tumors, a phenomenon correlating with more
aggressive tumor characterisitcs and a worse patient prognosis.
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ErbB2 is considered, therefore, as a target for cancer therapy. In
this respect, a growth inhibitory antibody (4D5) directed against
the extracellular domain of ErbB2 has been raised. Furthermore,
the humanized version (Hercepton™) is now being used in the
clinic to treat metastatic breast cancer patients whose tumors
overxpress ErbB2. In our work, 4D5 has been applied as a selec-
tive inhibitor of ErbB2 function. Treatment with 4D5 blocks G1/S
phase progression in breast carcinoma cells that overexpress
ErbB2. This block correlates with a rapid reduction in ErbB2 phos-
photyrosine content, downregulation of signal transduction path-
ways, a reduction in the expression of proteins involved in the
sequestration of the cyclin-dependent kinase inhibitor p27, and
relocalization of p27 onto Cdk2 complexes. Strikingly, the 4D5-
induced G1 block can be rescued by treatment with various ErbB
ligands. The degree of rescue is ligand-related and is associated
with activation of specific signaling pathways. Additionally, through
comparison with an ErbB2-overexpressing gastric carcinoma cell
line (MKN7?) that proliferates normally in the presence of 4D5, we
have demonstrated that decreased ErbB2 phosphotyrosine levels
do not necessarily lead to growth inhibition in response to 4D5.
These data imply that ErbB2 overexpression alone is insufficient to
predict cellular response to ErbB2-directed therapies. The possi-
ble contribution of other ErbB receptors to the process of malig-
nant transformation will be discussed in relation to the evolution of
ErbB-directed treatment strategies.
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Effect of anthracyclin-based neoadjuvant
chemotherapy on disseminated tumor cells in
breast cancer patients: an immunocytologic and
molecular approach

CM Jéager, A Miiller, V Heilmann, R Grundmann, R Kreienberg

Universitéts-Frauenklinik, Ulm, Germany

Objective: The leading cause of death from epithelial cancer is
metastatic tumor relapse due to early dissemination of tumor cells.
Cytokeratins are specific markers of epithelial cancer cells in bone
marrow. As previously shown, these epithelial cells in bone marrow
seem to be resting ‘in dormancy’. This biological behaviour might
be an explanation for the resistance to cytotoxic agents. In the
present study, we evaluated whether primary chemotherapy in
locally advanced, nonmetastatic breast cancer can eliminate cyto-
keratin-positive cells in bone marrow. Furthermore, we investigated
the influence of primary chemotherapy on the tumor-associated
gene expression.

Method: Twenty-one breast cancer patients underwent bone
marrow aspiration before and after neodjuvant chemotherapy. For
immunocytologic tumor cell detection we used the monoclonal
antibody 5D3 (Biogenex), which is directed against common
epitope on cytokeratin polypeptides, including cytokeratin 8/18/19.
For the molecular approach, after isolation of RNA, the reverse
transcription  with ~ Superscript Il Reverse Transkriptase
(Gibco/BRL) and Oligo (dT),,_4g Primers (Gibco/BRL) was per-
formed, followed by the amplification procedure with nested-RT-
PCR for B,-microglobulin, muc-1, CK-20 and carcinoembryogenic
antigen (CEA).

Results: Fifteen patients met the inclusion criteria. Before
chemotherapy, five out of 15 (30%) had cytokeratin-positive cells in
bone marrow. Four out of five were still tested positive after finishing
chemotherapy. With the RT-PCR procedure, all bone marrow aspi-
rates showed a signal for B,-microglobulin (positive control).
Expression of cytokeratin-20 was absent, whereas muc-1 was
expressed in all aspirates. Two out of five showed expression of the
CEA before chemotherapy, which was absent in one and only slight



in the other case after chemotherapy. Before chemotherapy
immunocytologic tumor cell detection and RT-PCR procedure for
CEA was concurrently negative in 10 out of 15 patients.
Conclusion: (1) A negative result in immunocytochemistry of bone
marrow of breast cancer patients seems to agree on the RT-PCR
for CEA. (2) Tumor cells could develop a different pattern of gene
expression under primary chemotherapy. (3) RT-PCR procedure
for muc-1 and CK-20 seems not to be useful for investigating dis-
seminated tumor cells in bone marrow.
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Cloning of novel mammary tumor progression and
metastasis genes
M Kimm, M Boer, | Gaemers, J Hilkens

Division of Tumorbiology, The Netherlands Cancer Institute,
Amsterdam, The Netherlands

Crucial to the prognosis of cancer patients is not growth of the
primary tumor, but rather dissemination of neoplastic cells to other
organs As the process of the activation and inactivation of genes
that are involved in tumorigenesis and metastasis is still poorly
understood, the aim of this study is to identify novel mammary
cancer progression and metastasis genes in vivo. Proviral insertions
of mouse mammary tumor virus (MMTV) in mammary epithelial cells
are able to activate flanking oncogenes, leading to mammary tumor
induction. Classical examples of MMTV-induced oncogenes are
Whnt1 and Fgf3. Full neoplastic transformation to an invasive and
metastasizing tumor requires activation of collaborating
onco/metastasis genes. Thus, additional proviral insertions may lead
to metastasis-inducing genes. In this study we used a BALB/c*
mouse strain (ie a BALB/c substrain that aquired C3H-MMTV by
forster-nursing), and compared extra proviral integrations in a series
of sets of independent primary tumors and metastases. As a first
step, the isolated tumor sets (primary tumor and metastases) were
analyzed by Southern blotting using a MMTV-LTR specific probe. A
number of the lung metastases indeed carried additional MMTV
integrations, which were not found in the primary tumor. These addi-
tional integrations might activate genes being responsible for the
lung metastases. To analyze the flanking sequences more efficiently,
an adaptor ligation-mediated PCR (Splinkerette-PCR) was modified
for the metastasis-related proviral MMTV integrations. To this end,
genomic DNA was digested and ligated to a suitable splinkerette
linker. The subsequent PCR gets its specificity by using a unique
MMTV-LTR-related oligonucleotide and a splinkerette-specific
oligonucleotide, which is only able to bind to the DNA if extension of
the MMTV oligonucleotide occurs. BLAST/NIX (DNA analysis soft-
ware) analysis of the derived additional sequences from 23 tumor
sets resulted in the discovery of a novel common integration site.
The effect of this putative metastasis gene on the metastic potential
of mammary tumor cells is presently being investigated.
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The association between cyclo-oxygenase-2
expression and cell proliferation and
angiogenesis in human breast cancer

K Kirkpatrick, W Ogunkolade, AE Elkak, S Bustin, P Jenkins,
M Ghilchick, K Mokbel

The Breast Cancer Centre, St George's Hospital, Blackshaw Road,
London, UK

Background: Cyclo-oxygenase (COX) is the rate-limiting enzyme
in converting arachidonic acid to prostaglandins. There are two iso-

Available online http://breast-cancer-research.com/content/3/S1

forms of COX: COX-1, which is expressed in many tissues; and
COX-2, which is the inducible form. COX-2 has been reported to
be involved in carcinogenesis and tumour angiogenesis. Therefore,
we hypothesized that COX-2 expression was associated with that
of vascular endothelial growth factor (VEGF) and proliferating cell
nuclear antigen (PCNA) in human breast cancer.

Materials and method: RNA was extracted from 15 human breast
carcinomas and adjacent noncancerous tissue (ANCT). COX-2,
VEGF 189 and PCNA expressions were estimated by reverse tran-
scriptase-PCR (RT-PCR) and Tagman methodology in the RNA
samples. The results were analyzed using Spearman’s correlation
with Student'’s t-test.

Results: Median mRNA copy number for PCNA mRNA in
tumours was 1.65x108 (range 3.79x 10%-1.46x107). For
COX-2, the median mRNA copy number was 4.56 x 10% (range
2.48x10%-5.10%10%) in tumours and 2.26x10° (range
1.37E+05-4.79E+07) in ANCT. Copy numbers of VEGF mRNA
in tumours had a median value of 2.13x10% (range
3.42x10'-3.37 x 107). There was a highly significant correlation
between COX-2 and PCNA levels in tumours (rs=0.7896;
P=0.000001) and VEGF in tumour samples (rs=0.4610;
2P=0.0320).

Conclusion: COX-2 expression is significantly associated with
increased cellular proliferation and angiogenesis in invasive breast
cancer. The upregulation of COX-2 in ANCT suggests that COX-2
in the host is relevant to mammary carcinogenesis.
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Acidification-induced sensitization to
thermoradiotherapy in breast cancer
DB Leeper, LT Komarnicky

Department of Radiation Oncology, Thomas Jefferson University,
Philadelphia, USA

Hyperthermia is an extensively studied cytotoxic agent, with strong
radio- and chemosensitizing potential. Recent positive clinical trials
combining superficial or deep heating techniques with radiation
therapy strongly support a role for hyperthermia as an adjuvant to
radiation. Many in vitro and in vivo studies have shown that acute
extracellular acidification will compromise fundamental protective
cellular responses and enhance tumor response to hyperthermia
and chemotherapy.

Breast cancers, like most other tumors, exhibit elevated levels of
lactate production that provides a basis for selective acidification.
A phase l/ll clinical trial is underway to test the hypothesis that
hyperglycemia-induced acute acidification will sensitize carcinoma
of the breast to thermoradiotherapy. Six patients consented to fast
for at least 4h and ingest oral glucose (2g/kg, 0.44g/ml) 1.5h
before each hyperthermia treatment (HT) during a course of ther-
moradiotherapy. Hyperglycemia reduced tumor pH, before the first
hyperthermia session by 0.10+0.04 pH unit (-0.29 to +0.08) from
7.12%0.11 (6.65-7.52); and during the third week of treatment
hyperglycemia reduced tumor pH, in five patients by
0.01£0.04 pH unit (-0.06 to +0.1). The three patients with a CR
(60%) exhibited tumor acidification during both sessions, in con-
trast to the two patients with a PR (40%) who exhibited tumor
acidification only during one session. Tumor acidification may indi-
cate tumor response.

Human tumor cells adapted to growth at pH, 6.7 do not show
thermosensitization until pH, is below 6.3 (pH; <6.45). Combin-
ing an inhibitor of respiration such as MIBG with hyperglycemia
blocks mitochondrial respiration and increases lactate produc-
tion. Thus, tumor oxygenation occurs coincidentally with acute
acidification.
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Rats bearing the R3230 Ac rat mammary adenocarcinoma were
administered 1g/kg glucose ip, and/or 20mg/kg MIBG ip. The
median pO, for glucose plus MIBG was increased from 5.3 to
13.8mmHg. A single ip injection of glucose or MIBG in rats fasted
for 24 h before irradiation did not show an increase in tumor
growth delay compared with 5 Gy radiation alone. However, com-
bined treatment with glucose plus MIBG significantly inhibited
tumor growth delay. Radiation therapy and glucose plus MIBG was
more than additive. These results support our hypothesis that
hyperglycemia plus an inhibitor of respiration will sensitize tumors
to radiation by oxygenation, in addition to enhanced hyperthermia
sensitization by acute acidification.

Supported in part by USPHS grant CA59960.
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A novel phenylacetate-dextran derivative (NaPaC)
inhibits breast cancer cell proliferation and
modifies their interactions with endothelial cells

S Malherbe, M Bérard, M Di Benedetto, N Peyri, M Crépin,
C Legrand, MX Wei

Inserm U553 Hépital Saint-Louis, Paris, France

Breast cancer treatments are limited by secondary effects and
chemoresistances or hormone resistances. Sodium phenylacetate
(NaPa), a nontoxic metabolite, has been shown to induce in vivo and
in vitro antiproliferative effects on various cell types in our laboratory.
We have previously shown that NaPa treatment induced breast
tumor cell apoptosis without acquired drug resistance. On the other
hand, we have demonstrated that a dextran derivative (CMDB) was
not only antitumoral but also antiangiogenic in a MCF-7ras tumor
model in animals. Recently, we have synthesized a novel hybrid
molecule, CMDB-NaPa ester, called NaPaC, and tested its effect
on the proliferation of MDA-MB-231 and MCF-7 breast tumor cells.
NaPaC inhibits, dose dependently, the proliferation of MDA-MB-231
cell (ICs, 0.5mmol/l) and of MCF-7 cell (IC5, 1.5mmol/l). Primary
cultured endothelial cells (HUVEC) are weakly affected by NaPaC
treatment. Cytostatic effect of NaPaC was evidenced from the accu-
mulation of tumor cells in GO/G1 phase after 96 h of treatment.

As compared with the NaPa parent molecule, this new molecule
was 10-fold more efficient on these two tumor cell lines. Moreover,
NaPaC induces a strong apoptotic effect, as measured with
Annexin V-positive cells, on these tumor cells. In order to under-
stand the interactions between tumor cells and endothelial cells,
the conditioned media were prepared and added to HUVEC cells.
Our results showed a clear killing effect on HUVEC cells. However,
this killing effect can be rescued by adding NaPaC.

Taken together, our results showed that NaPaC is a powerful anti-
tumoral molecule, with cytostatic and proapoptotic effects on
MDA-MB-231 and MCF-7 tumor cells. Further studies should be
conducted to better understand the mechanism of these mutual
interactions between tumor cells and endothelial cells, especially
the killing effect on HUVEC cells.
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Structural features for peptides binding the class |
molecules

1 McKenzie, V Apostolopoulos, Y Mu*, IA Wilson*

The Austin Research Institute, Heidelberg, Victoria, Australia; *Scripps
Research Institute, La Jolla, California, USA

Examination of the MHC crystal structures indicate that key
peptide binding positions are defined pockets within the groove
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of a particular allele of class | molecules; for example, for H-2Kb,
the high-affinity binding of ovalbumin peptide SIINFEKL requires
P5 to be occupied F/Y, and P8 to have L/I, and other peptides
that lack these anchoring amino acids would bind with such a
low affinity that would be unable to induce, or be effective targets
for CTLs. Using MUC1 8 or 9mers as model peptides, we were
able to demonstrate the following: (1) these bind with low affinity;
(2) the binding is unusual and the peptides loop out of the
groove — indeed, the 9mer loops out so much it can be detected
by monoclonal anti-MUC1 peptide antibody; and (3) crystalliza-
tion structures of KP with the 8mer (SAPDTRPA) demonstrates
that MUC1 and SIINFEKL have an identical shape within the
groove, the only difference being imposed by the side chains,
which are selectively recognized by T-cell receptor. The amino
acids occupied in the specific anchoring pockets are small
hydrophobic, rather than long/large hydrophobic F/Y or L/I
residues, thus the low affinity of the MUC1 peptide. The implica-
tion of the studies is that the rules for high-affinity binding in gen-
eration of CTL hold, but that these are not fixed rules: low-affinity
peptides bind, and indeed with the same general conformation
and shape as high-affinity peptides in one dimension; in another
they are clearly more ‘flexible’.
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The standardized mistletoe preparation Lektinol
has antitumoral potencies
U Mengs, A Burger*, D Wetzel, K Webert, HH Fiebig*

Research and Development, Madaus AG, Cologne, Germany;
*University of Freiburg, Freiburg, Germany; TRCC, ltingen,
Switzerland

Extracts of Viscum album L have been used for decades for non-
specific stimulation of the immune system in cancer therapy.
Mistletoe lectins have been identified as the active components,
with cytotoxic and immunomodulatory activities. New experimental
data demonstrate that the special extract preparation Lektinol®
(Madaus AG, Cologne, Germany), standardized for bioactive
mistletoe lectin (ML), has antitumoral potencies in vitro and in
animal tumor models.

In vitro studies on human tumor cell lines and xenografts showed
Lektinol to be highly cytotoxic (ie toward breast, lung, prostate and
renal cell cancers).

The in vivo antitumoral effects of Lektinol were examined in differ-
ent subcutaneously growing murine neoplasms following
repeated intraperitoneal treatment of 0.3-3-30-300ng ML/kg.
Marked tumor growth inhibition was observed with Renca renal
carcinoma, C8 colon 38, and F9 testicular teratoma. The
antimetastatic effects of Lektinol were invest