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PROGRAM

WEDNESDAY, September 2--7:30 PM

Welcoming Remarks: James D. Watson

SESSION 1 PLENARY SESSION

Chairperson: J.D. Watson, Cold Spring Harbor Laboratory

Fisher, B., University of Pittsourgh, Pennsylvania: The current art of
breast cancer prevention and treatment.

Aaronson, S.A., Laboratory of Cellular and Molecular Biol,3gy, National
Cancer Institute, National Institutes of Health, Marylard: Aberrant
growth factor signaling pathways in human breast cancer. 1

THURSDAY, September 3--9:00 AM

SESSION 2 CURRENT CLINICAL REALITIES, EPIDEMIOLOGY,

AND PATHOLOGY

Chairperson: I.C. Henderson, University of California, _!;an
Francisco

Henderson, I.C., University of California, San Francisco: Promises,
fulfilled and unfulfilled, from adjuvant systemic theory.

Page, D.L., Dept. of Pathology, Vanderbilt University Med cal Center,
Nashville, Tennesee: Markers of increased breast _arlcer risi: and
precursor lesions of breast cancer. 2

Pike, M.C., Spicer, D.V., Rude, R., Pike, L.A., University c:;Southern
California Medical School, Los Angeles: Early experi_nce with a
modified hormonal contraceptive aimed at reducing br_ast-cell
proliferation. 3



Norton, L., MemoriaI-Sloan Kettering Cancer Center, New York. New
York: Biokinetic implications of the systemic therapy of hu_nan
breast cancer.

THURSDAY, September 3---2:00 PM

SESSION 3 GENETICS I

Chairperson: M.-C. King, University of California, Berkeley

Friend, S.H., Barbier, N., Frebourg, T., Mclntyre, J., Kassel, J.,
Massachusetts General Hospital Cancer Center, Charlestown:
Lessons to be remembered from the identification of the first

breast cancer susceptibility gene, p53. 4

Ponder, B.A.J., 1Smith, S.A., 1Easton, D.F., 2 1CRC Human Cancer
Genetics Research Group, Cambridge; 2Section of Epidemiology,
Institute of Cancer Research, Sutton, United Kingdom: Molecular
genetics of familial breast-ovarian cancer. 5

Nakamura, Y., Sato, T., Takita, K., Miyagi, M., Sakamoto, T., Cancer
Institute, Tokyo, Japan: Accumulation of genetic alterations in
breast cancer. 6

Callahan, R., 1 Cropp, C., 1 Merlo, G., t Steeg, p.,1 Liscia, D.,2 Lidereau,
R.,3 1National Cancer Institute, National Institutes of Health,
Bethesda, Maryland; 2Anatomic Pathology, S. Giovanni I.Iospital,
Torino, Italy; 3Centre Rene Huguenin, St. Cloud, France:
Molecular lesions in sporadic human breast carcinomas. 7

THURSDAY, September 3.... 4:30 PM

Wine and Cheese Party



THURSDAY, September3 .... 7:30 PM

SESSION 4 POSTERS I (A--F)

Ahuja, N., Huper, G., Inglehart, J., Marks, J., Dept. of Surgery, Duke
University Medical Center, Durham, North Carolina: Retinoic acid
response in breast cancer cell lines. 8

Aiginger, p.,1 Wiltschke, C., Tyl, E., Steininger, A., Spona, j.,2
Zeilinger, R.,2 Kury, F.,2 Czerwenka, K.," Kubista, E., 2 Speiser, p.,2
Preis, p. 1Zielinski, C.C., 1 1First Dept. Internal Medicine and 2First
Dept. Obstetrics and Gynecology, University Hospital, Vienna,
Austria: Association of HER-2/neu oncogene amplification with
low natural killer cell activity in breast cancer. 9

Arason, A., Barkardottir, R.B., Egilsson, V., Laboratory of Cell Biology,
Dept. of Pathology, University Hospital of Iceland, Reykjavik:
Linkage analysis of chromosome 17q markers and breast-ovarian
cancer in Icelandic families and possible relationship to prostatic
cancer. 10

Arteaga, C.L., Stewart, S.J., Carty-Dugger, T.L., Russell-Winnier, A.F.,
Shawver, L.K., Depts. of Medicine and Cell Biology, Vanderbilt
University School of Medicine, Dept. of Veteran Affairs Medical
Center, Nashville, Tennessee and Berlex Biosciences, Alameda,
California: Association between p185 HER2signal transduction and
cisplatin-induced cytotoxicity in human breast carcinoma cells. 11

Asch, B.B., 1Asch, H.L., 1Stoler, D.L., 2 Anderson, G.R., 2 Depts. of
1Expt. Pathology and 2Molecular and Cellular Biology, Roswell
Park Cancer Institute, Buffalo, New York: DNA sequence
polymorphisms associated with endogenous MLV-related
elements in mouse mammary carcinomas. 12

Asch, H.L., 1Asch, B.B., 1 Stoler, D.L., 2 Anderson, G.R., 2 Depts. of
1Expt. Pathologx and 2Molecular and Cellular Biology, Roswell
Park Cancer Institute, Buffalo, New York: Deregulation of
endogenous retrotransposons in mouse mammary carcinomas of
diverse etiologies. 13

Band, V., 1 Delmolino, L., 1 Dalai, S., 2Androphy, E., 2,3 Depts. of
1Radiation Oncology, 2Molecular and Microbiology and
3Dermatology, New England Medical Center Hospitals, Boston,
Massachusetts: Characteristics of p53 protein in normal and
human papilloma virus immortalized human mammary epithelial
cells. 14

vii



Barnes, D., 1 Hanby, A., 1 Gillett, C., t Mohammed, S., 2 Hodgson, S., 2
Leigh, I., 3 Purkis, T., 3 MacGeoch, C.,4 Spurr, N.,4 Bartek, j. 5
Vojtesek, B., 6 Picksley, S., (sLane, D.,6 IlCRF, Clinical Oncology
Unit and 2UMDS Clinical Genetics Unit, Guy's Hospital, London,
United Kingdom; 31CRF Skin Laboratory, Royal London Hospital,
United Kingdom; 41CRF Clare Hall Laboratory, Potters Bar, HeMs,
United Kingdom; 5Institute of Haematology and Blood Transfusion,
Prague, Czechoslovakia; 6CRG Laboratories, University of
Dundee, United Kingdom: A cancer family with an abnormal
expression of p53 protein in malignant cells and in a spectrum of
benign tissues. 15

Casey, G., 1 Lopez, M.E., 1 Fain, p.,2 Anton-Culver, H., 3 1Dept. of
Cancer Biology, Cleveland Clinic Foundation, Ohio; 2Dept. of
Informatics, University cf Utah; 3Epidemiology Program, University
of California, Irvine: An intron mutation identified iq a Li-Fraumeni
syndrome family that results in a spliced form of p53. 16

Cornelisse, C.J., 1Bonsing, B.A., 1Kuipers-Dijkshoorn, N.J., 1van Vliet,
M., 1Devilee, p.,1,2 Depts. of ;Pathology and 2Human Genetics,
University of Leiden, The Netherlands: Allelic imbalance in
primary breast carcinomas and lymph node
metastases--Relationship with tumor ploidy. 17

Coulombe, J., Gray, D.A., Depts. of Biochemistry and Medicine,
University of Ottawa, Canada: Identification of genes involved in
mammary development using a promoter-trap retrovirus. 18

Courseaux, A., 1 Adelai'de, j.,2 Grosgeorge, j.,1 Birnbaum, D.,2
Theillet, C.,_ Gaudray, p.,1 1LGMCH, CNRS URA, Nice, 2Institut
Paoli-Calmettes, Marseille, 3CNRS URA, Montpellier, France:
Putative involvement of cyclin D genes in human mammary
carcinogenesis. 19

Davies, B.R., Davies, M.P.A., Barraclough, R., Rudland, P.S., Cancer
and Polio Research Fund Laboratories, Biochemistry Dept.,
University of Liverpool, United Kingdom: Induction of the
metastatic phenotype by DNA transfection in a rat mammary
model. 20

Deng, G., 1Chen, L.-C., 1 Bhargava, V., 2 Ljung, B.-M., 2 Thor, A., 3
Smith, H.S., 1 1Geraldine Brush Cancer Research Institute, San
Francisco, California; 2Dept. of Medicine,University of California,
San Francisco; 3Massachusetts General Hospital, Boston,
Massachusetts: p53 gene mutations and loss of heterozygosity in
breast cancers detected by PCR. 21
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Devilee, p.,1.2 Cleton-Jansen, A.-M.,2 Cornelis, R.S., +Bardoel, A., 1
Moerland, H.W., 2 Van Vliet, M., 1 Kuipers-Dijkshoorn, N., 't
Cornelisse, C.J. 2 Depts. of 1Human Genetics and 2Pathology,
University of Leiden, The Netherlands: Mapping allele-loss
regions in breast cancer on 16q and 17q using microsatellite
polymorphisms. 22

DeWille, J., Waddell, K., Farmer, S., Ohio State Biochemistry
Program, Dept. of Veterinary Pathobiology, Ohio State University,
Columbus: Dietary fat increases the incidence of mammary
tumors in MMTV/v-Ha-ras transgenic mice ("oncomice"). 23

Easton, D.F., 1 Bevan, Y.,+ Ford, D., 1 Ponder, B.A.J., 2 Peto, j.,1
Stratton, M.R., 1 1Sections of Foidemiology and Molecular
Carcinogenesis, Institute of C,._+;er Research, Surrey, United
Kingdom; 2CRC Human Cancer Genetics Research Group, Dept.
of Pathology, University of Cambridge, United Kingdom:
Haplotype analysis of sister pairs affected by early onset breast
cancer. 24

Easton, D.F., 1Bishop, D.T., 2 Ford, D., 1 Crockford, G.P., 2 1CRC
Section of Epidemiology, Institute of Cancer Research, Surrey,
United Kingdom; 21CRF Genetic Epiderniology, Leeds, United
Kingdom: Genetic linkage analysis in familial breast and ovarian
cancer--Results from 214 families. 25

Edwards, P.A.W., 1 Hiby, S.E., 1 Papkoff, j.,2 Deed, R.,3 Bradbury,
J.M., t 1Dept. of Pathology, University of Cambridge, United
Kingdom; 2Syntex Research, Palo Alto, California; 3Dept. of Gene
Regulation, Patterson Institute for Cancer Research, Christie
Hospital, Manchester, United Kingdom: Expression of oncogenes
in mouse mammary epithelium in vivo by tissue reconstitution. 26

Ethier, S.P., Mahacek, M.L., Dilts, C.D., Dept. of Radiation Oncology,
University of Michigan Medical School, Ann Arbor: Growth
stimulation and growth inhibition induced by an erbB-2 stimulatory
factor secreted by rat mammary carcinoma cells. 27

Etkind, P., Qiu, L., Montefiore Medical Center, Albert Einstein College
of Medicine, New York, New York: Expression in human breast
tissue of DNA sequences homologous to the MMTV. 28

Fluck, M.M., 1Wirth, j.j.,1 Amalfitano, A., 1 Martin, L., 1Counterman,
L., 2 Haslam, S.Z., 2 Depts. of _Microbiology and 2Physiology,
Michigan State University, East Lansing: Relationship between
human breast cancer and the induction of mammary tumors by
taurine polyomavirus. 29



Futreal, P.A., _ Cochran, C., 1 Marks, J.R., 2 Iglehardt, J.D., 2
Zimmerman, W., 3 Barrett, J.C., 1 Wiseman, R.W., 1 1Laboratory of
Molecular Carcinogenesis, National Institute of Environmental
Health Sciences, National Institutes of Health, Research Triangle
Park, North Carolina; 2Dept. of Surgery, Duke University, Durham,
North Carolina; 3Institut fur Virologie, Freie Universitat, Robert
Koch Institut, Berlin, Germany: Mutation analysis of the THR-_tl
gene in breast cancer cell lines, sporadic breast carcinomas, and
familial breast cancer patients. 30

FRIDAY, September 4--9:00 AM

SESSION 5 GENETICS II

Chairperson: M.-C. King, University of California, Berkeley

Feunteun, J.,1 Narod, S.A.,2 Lynch, H.T., 3 Watson, p. 3 Conway, T.,3
Lynch, j.,3 Parboosingh, j.,2 Lenoir, G.M., 4 1Laboratoire
d'Oncologie Moleculaire, Institut Gustave Roussy, Villejuif, France;
2Centre for Human Genetics and Depts. of Medicine and
Oncology, McGill University, Montreal, Canada; 3Dept. of
Preventative Medicine, Creighton University School of Medicine,
Omaha, Nebraska; 4International Agency for Research on Cancer
and Claude Bernard University, Lyon, France: Further mapping of
the breast/ovary cancer susceptibility gene on 17q21. Implications
for DNA screening in families. 31

Solomon, E., Black, D.M., Jones, K., Nicolai, H., Bonjardim, M.B.,
ICRF, London, United Kingdom: Genetic and physical mapping of
the BRCA 1 region on 17Q. 32

Collins, F., Howard Hughes Medical Institute, University of Michigan,
Ann Arbor: Genetic and physical mapping of the BRCA1 locus on
chromosome 17.

King, M.C., Dept. of Molecular and Cell Biology, and School of Public
Health, University of California, Berkeley: Synthesis.



FRIDAY, September 4--2:00 PM

SESSION 6 GROWTH FACTORS AND THEIR RECEPTORS I

Chairperson: M. Lippman, Georgetown University Medical Center

Fuqua, SAW., University of Texas Health Science Center, San
Antonio: Regulation of estrogen receptor function in breast cancer
by naturally occurring variants. 33

Salomon, D.S., 1 Normanno, N., 1Saeki, T., 1 Kenney, N., 1 Kim, N., 1
Ciardiello, F., 1Johnson, G., 2 Gullick, W.J., 3 Plowman, G., 4
Shoyab, M., 4 Todaro, G., 5 _National Cancer Institute and 2Food
and Drug Administration, Bethesda, Maryland; 3Imperial Cancer
Research Fund, London, United Kingdom; 4Bristol-Myers Squibb
Pharmaceutical Research Institute; 5Fred Hutchinson Cancer

Research Center, Seattle, Washington: Biology of EGF-related
peptides in breast cancer. 34

Stampfer, M., Hosoda, J., Pan, C.-H., Yaswen, P., Life Sciences
Division, Lawrence Berkeley Laboratory, Berkeley, California:
EGF/TGF-cc and TGF-I_ control of normal and immortalized human
mammary epithelial cell growth in culture. 35

Horwitz, K.B., University of Colorado School of Medicine, Denver:
Cellular and molecular heterogeneity of estrogen and
progesterone receptors and hormone-resistant breast cancer. 36

Dickson, R.B., Shi, Y.E., Bano, M., Kurebayashi, J., Johnson, M D.0
Torri, J., Sabol, M., Ziff, B., Lippman, M.E., Kern, F.G., Lombardi
Cancer Research Center, Georgetown University, Washington,
D.C.: Novel modulators of synthesis and degradation of
extracellular matrix in breast cancer. 37

FRIDAY, September 4--7:30 PM

SESSION 7 POSTERS II (G--M)

- Godley, L.A., Kwan, H., Varmus, H.E., Dept. of Microbiology and
Immunology, University of California, San Francisco: An approach
to the study of differential gene expression during mammary

: tumorigenesis in transgenic mice. 38
_



Gudas, J.M., Gilbert, L., Cowan, K.H., National Cancer Institute.
Medicine Branch, National Institutes of Health, Bethesda,
Maryland: Cell-cycle-dependent expression of p53 mRNA and
protein in normal human mammary epithelial cells. 39

Hopper, J.L., 1Giles, G.G., ? ;University of Melbourne, Faculty of
Medicine Epidemiology Unit, Parkville, Victoria, 2Anti-Council
Council of Victoria, Australia: A population-based study of early
onset breast cancer in victorian families. 40

Ingvarsson, S., t Bergthorsson, J.T., 1Erlandsson, R.,2 E_,ilsson, V., 1
+Dept. of Pathology, University of Iceland, Reykiari; '-Dept. of
Tumor Biology, Karolinska Institute, Stockholm, Sweden: Genetic
alterations of the tumor suppressor gene region 3p in human
breast carcinoma and renal cell carcinoma. 41

Jerry, D.J., 1 Kittrell, F.S., 2 Medina, D.,2 Butel, J.S., 1 +Division of
Molecular Virology and 2Dept. of Cell Biology, Baylor College of
Medicine, Houston, Texas: Regulation of wild-type and mutant
p53 in rnurine mammary neoplasias .......Multiple pathways for
overexpression. 42

Kallioniemi, A., 1 Kallioniemi, O.-P., 1 Chen, L.-C., 2 Sudar, D., 1 Rutovitz,
D.,3 Smith, H.S., 2 Gray, J.W.,; Pinkel, D., 1Waldman, F.M., 1
_Division of Molecular Cytometry, Dept. of Laboratory Medicine,
University of California, San Francisco; 2Geraldine Brush Cancer
Research Institute, San Francisco, California; 3MRC Human
Genetics Unit, Edinburgh, United Kingdom: Multiple chromosomal
regions may undergo copy number alterations in breast cancer. 43

Karnik, P.S., 1Smith, C+,I -Iubbs, R.R., 2 Bukowski, R.M., 11Cleveland
Clinic Cancer Center, 2CCF Dept. of Pathology, Cleveland, Ohio:
Estrogen receptor mutations in tamoxifen-resistant human breast
cancer. 44

Kelsell, D., 1Bishop, D.T., 2 Williams, A., 2 Spurr, N.K., 1 Imperial Cancer
Research Fund, _Clare Hall Laboratories, Herts, and 2Genetic
Epidemiology Laboratory, Leeds, United Kingdom: Allelic
_mbalance studies and analysis of candidate genes in somatic and
tumor tissue in a family with breast-ovarian cancer linked to
chromosome 17. 45

Kitajewski, j. 1Varmus, H.E., 2 +Depts. of Pathology and OB/Gyn,
CRS, Columbia University College of Physicians & Surgeons, New
York, New York; 2Dept+ of Microbiology and Immunology,
University of California, San Francisco: Transforming potential oi
Wnt gene family members. 46

xii



Kushner. P.J., Webb, P., University of California, San Francisco: A
novel mechanism of transcriptional stimulation by the anti-
estrogens tamoxifen and ICI 164,384. 47

Liu, R, 1 Muller, H., 1 Buters, j.,2 Eppenberger, U.,1 1Dept. of
Research, University Hospital, Basel, 2Hoffmann-La Roche AG,
Basel, Switzerland: Cytochrome p450 activity in breast cancer. 48

Loupart, M.L., I Armour, J.A.L., 2Vafiey, J.M., 1.31ICI/University Joint
Laboratory, Depts. of 2Genetics and 3pathology, University of
Leicester, United Kingdom: Studies of allelic imbalance in human
breast cancer 49

Martin, F., Costello, E., Jehn, B., Marti, R., Keon N., Altermatt, H.J.,
Jaggi, R., Dept. of Clinical and Experimental Research, University
of Bern, Switzerland: Transcription factor AP-1 and the terminal
differentiation and oncogenic transformation of mammary epithelial
cells. 50

Mazoyer, S., 1 Narod, S.A., 2 Lyonnet, D.,3 Lalle, p.,4 Jamot, B., 1Morel,
A.P., 1Rio, p.,4 Bignon, y.j.4 Sobol, H., 1 1Oncologie-Gen_tique,
Centre Leon Berard, Lyon, France; 2Dept. of Genetics, McGill
University, Montreal, Canada; 3CNRS URA, Institut Curie, Paris,
4Oncologie-Moleculaire, Centre Jean Perrin, Clermont-Ferrand,
France: Chromosome 17q linkage studies of 19 French breast
cancer and breast-ovarian cancer syndrome families. 51

Meyers, S., Dudley, J., Dept. of Microbiology, University of Texas,
Austin: Sequence analysis of the int-2/fgf-3 gene in aggressive
human breast carcinomas. 52

Moles, J.P.,_.2 Mazars, R., 1Simony-Lafontaine, j.,3 Jacquemier, j.,4
Jeanteur, p.,1 Theillet, C., 1 _URA CNRS, Genetique-Moleculaire,
Montpellier, 2CRBM/CNRS Dermatologie-Moleculaire, Montpellier,
3CRLC Val d'Aurelle, Montpellier, 4Centre Paoli Calmette,
Marseille, France: p53 mutat;ons and abnormal pattern of p53
prote_rl expression in human breast cancer. 53

Moll, U.M,, 1,3Riou, G., 2 Levine, A.J., 3 1Dept Pathology, State
University of New York, Stony Brook; 2Laboratoire de
Pharmacologie Clinique et Moleculaire, Institut G. Roussy, Villejuif,
France; 3Dept. of Molecular Biology, Princeton University, New
Jersey: Two distinct mechanisms alter p53 in human breast
cancer--Mutation and nuclear exclusion. 54
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Morris, j.j.,1 Seifter, E., 2 1Emeritus Chief Plastic Surgery, South
Nassau Communities Hospital, Oceanside, New York; 2Emeritus
Professor of Biochemistry and Surgery, Albert Einstein College of
Medicine, Bronx, New York: Hydrocarbons--The urban factor in
breast cancer. 5',.

Muthuswamy, S., 1Guy, C+T., 1Webster, M.A., 1 Schaller, M.,2 Parsons,
T.,2 Cardiff, R.D., 3 Trimble, M., 1Hassell, j.,1 Muller, W.J., 1
1Institute for Molecular Biology and Biotechnology, McMaster
University, Hamilton, Ontario, Canada; 2Dept. of Microbiology and
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ABERRANT GROWTH FACTOR SIGNALIANG
PATHWAYS IN HUMAN BREAST CANCER

Stuart A. Aaronson, Laboratory of Cellular and Molecular
Biology, National Cancer Institute, Bethesda, Maryland

Accumulating evidence has implicated the aberrant
expression of genes that act at rate limiting steps in mitogenic
signalling pathways as important determinants of
malignancy. Amplificati ,n and/or overexpr,_ssion of genes
encoding growth factors or their receptors contributes t_ a
wide variety of human tumors. Other genes that act early in
the intracellular transduction of growth factor signals are
commonly implicated as oncogenes as weil. f/f forts to dissect
the biochemical cascade initiated by growth factor triggering as

well as new approaches aimed at identifying other critical
genes in these pathways will be described. Recently, we have
isolated novel human growth factors whict'_ appear t_._be

major paracrine effectors of normal epithelial cell
proliferation. Mechanisms by which these factors may
influence breast tumor progression will be discussed, l:inally,
new approaches for therapeutic intervention based upon our
present understanding of the molecular genetic basis of cancer
will be described.



MARKERS OF INCREASED BREAST CANCER RISK AND
PRECURSOR LESIONS (OF BREAST CANCER

David L, Page, Departmenl of Path()l()gy, Vm1(lerbilt University
Medical Center, Nashville, Tennessee.

Specific c()mbined histologic and cytologic patterns of
(,.pilhelial hyperplasia indicate a risk of breast cancer
d(:,velopn-lent at f¢mr times the general populatic)n in only 5-10%
of women with otherwise benign biopsies. The lenqlh of time
at risk is probably best limited to 10-15 year.s, as longer

periods of prediction are nal well-supl)orted by currently
available exp_.'rience. The histologic c_:_teg()ries which e_re

linked to lhese moderately incre_sed risk indicators cop, stsf ()f
specific conlt:)iz_ed cytologic and celhLlar pattern criteria of
"atypical hyperplasia." Specific hist_)l)athologic lesions
indicating v4ried levels of subsequent risk oi the developn-lenl
()f invasive breast cancer have gained further acceptance and
corrobori._tic_n from anal(_gous studies in lhe last five years.

Sewral studies have indicated an appreciable interaction

betwe(.,n dlypical hyperplasie_ and other non-anatomic risk
factors, particularly a f_m-fily hislory of breast cancer. Also,
lower (.t_s_ge estr()(._len repl_._cement (specifically conjugated
l)repdration) after men<q_ause does not appear to further affect
risk in any histologically defined group.

Probably <rely n()n-(.:ornedo examples <)f (_tuclal carcinoma
in-silu may be regarded as true precursor lesions in the human
bre/._st, and they ore not t() be regarded as c)bligate precursors.
Currently, most m(_k, cular markers ore useful only in more
adv(.mced lusi_ms such cls c()med() carcinom;_ in-situ.



EARLY EXPERIENCE WITH A MODIFIED HORMONAl,
CONTRACEPTIVE AIMED AI" REDUCING BREAST-CELL

PROLIFERATION

M.C Pike, D.V. Spicer, R. Rude, and L.A. Pike
University of Soulhem California Medical School

Los Angeles, CA 90033-9987

Use of combination-type oral contraceptives is known to
significantly reduce a wonlan's risk of both endometrial and ovarian
cancer. The reasons fbr these effects are essentially understood.
Our understanding of normal breast epithelial physiology, and our
ability to develop approaches to prevent breast cancer, have trailed
significantly behind our understanding of the endometrium and
ovar3..' However, the critical mass of knowledge now exists to
permit the design of a hormonal contraceptive that should reduce
breast cancer risk

We will show thai the design requirements of a hormonal
contraceptive to reduce ali three major female cancers are:

Endometrium Reduce exposure of the endometrium
to 'unopposed' estrogen.

Oval' Reduce the frequency of ovulation

Breast Reduce exposure of the breast to

'estrogen plus progestogen'

A prototype contraceptive regimen to achieve these aims is
curremlv in clinical trial a, our institution

The regimen is based on using a GnRHA agonist to prevent
ovulation and to give just :;t,tHcient add-back steroids to prevent
any harmful consequences of the GnRHA-induced
hypoesl rogenemi a

Preliminary results from this Irial will be presented



LESSONS TO BE REMEMBERED FROM THE IDENTIFICATION OF THE

FIRST BREAST CANCER SUSCEPTIBILITY GENE) p53.

S.H. Friend, N. Barbier, T. Frebourg, J. McIntyre,
.I. Kassel

MGH Cancer Center, Charlestow_, MA 02129

lt has been estimated that 5% of the over 150,000
women In the US who develop breast cancer each year
may carry germline mutations in breast cancer
susceptibility genes. The significant heterogeneity in
the hereditary forms ol breast cancer places
potentially significant impedimenis to many cloning
strategies that depend on the analysis of multiple
families. We felt that one method to overcome lhese
hurdles was lirst !o focus on families with a unique
clustering of breast cancer which might represent
lnactivatlons a simple breast cancer susceptibility
gene. The LI-Fraumeni Syndrome (LFS) has been
defined as the occurrence of cancers in three close
relations under the age of 45, one of who has a
sarcoma. In tamilies with LFS, breast cancer is the
most frequent malignancy. By using a candidate gene
approach, we identilied germline p53 mutations In
affected members of LFS families. Since then we have
developed rapid screening techniques which have
allowed us to survey several high .populations. II
has also allowed us to determine the frequency of d._
gg_y.O,germline p53 mutations in women with breast
cancer. Because of a concern that some p53
mutations not recognized as common polymorphisms
might have variable ellects in Increasing cancer
risk, we have developed several functional assays by
which to test whether specilic mutations Inactivate
p53. These studies with the germline p53 mutations
should serve as a prototype for working with
mutations in other more commonly altered breast
cancer susceptibility genes.



MOLECULAR GENETICS OF FAMILIAL BREAST-OVARIAN

CANCER

.A.J. Ponder I , S.A. Smith I, D.F. Easton 2,
CRC Human _ancer Genetics Resea.cch Group,

Cambridge; ZSection of Epidemiology, Institute
of Cancer Research, Sutton, UK.

In a study of 31 breast and 14 breast-
ovarian cancer families we have obtained clear

evidence for linkage to markers on chromosome
17q for the families with ovarian cancer, but
only weak evidence in those without ovarian
cancer.

To investigate the relationship between
allele loss in tumours and the predisposing
mutation on chromosome 17q12-21, we have
analysed breast and ovarian tumours from 4
breast-ovarian families which show strong
evidence of linkage on 17q. 9 of 13 tumours

showed allele losses at loci flanking the
putative predisposing gene; in each of these 9
tumours the allele losses affected the wild-

type chromosome.

These results suggest that the putative
breast-ovarian cancer gene is a tumour
suppressor gene. The possibility that the
predisposing mutation is dominant at the
cellular level, and that the allele losses
reflect the inactivation of a distinct

suppressor gene in the same region, with
selection to retain the chromosome carrying the

germline mutation, cannot however be excluded.



ACCUMULATION OF GENETIC ALTERATIONS IN BREAST
CANCER

Y. Nakamura, T. Sato, K. Takita, M. Miyagi, T.
Sakamoto, Cancer Institute, Tokyo, Japan

Nearly 300 breast tumors were examined for
loss of heterozygosity at several loci on

chromosomes 3p, llp, 16q, and 17, and
amplification of the erbB2 oncogene. These

alterations were compared with histopathological
and clinical features. A significant association

was detected between loss of heterozygosity on
chromosomes 17p and 17q and amplification of the
erbB2 oncogene (17p, P=0.000721, by Fisher's
exact test; 17q, p<0.001, x_=12.135). Furthermore,
we looked for correlations between metastasis of

breast cancer to a regional lymph-node(s) and

LOH. However, tumors showing LOH of chromosomes
llp (z_=i0.82, p<C.0!) and 17p (x2=6.78, p<0.01)
revealed a sigrificantly higher incidence of

metastasis to a regional lymph-node(s) than
tumors without LOH on these chromosomal arms.

Moreover, only four of 30 (13%) patients with

tumors that retained both llp and 17p had
metastasis to a regional lymph-node(s), compared
to 24 of 32 (75%) patients with tumors that had
lost both llp and 17p. These results suggested
that accumulation of genetic alterations,
including loss of function of tumor suppressor
genes on chromosomes 3p, 13q, 16q, and 17, and

amplification of the erbB2 oncogene, may
contribute to tumor development and/or
progression in primary breast cancer. In

addition, we have isolated the human homologue of
the rat prohibitin gene and mapped it to
chromosome 17q12-21 where a gene responsible for
hereditary breast cancer was localized. DNA

sequence analysis in this gene in 50 sporadic
breast cancers; one showed a 2-base deletion

resulting in truncation of the gene product due
to a frame shift; the other had a C to T
transition in an intron adjacent to an intron-

exon boundary. These results suggest that this
gene may be associated with tumor development
and/or progression of at least some breast
cancers.



MOLECULAR LESIONS IN SPORADIC HUMAN BREAST CARCINOMAS

Robert Callahan 1, Craig Cropp I, Giorgio Merlo I, Patricia Steeg I,
Daniel Liscia 2, and Rosette Lidereau 3.1National Cancer Institute,

Bethesda, MD 20892, 2Anatomic Pathology, S. Giovanni ttospit_l,

USL-I, Torino, Italy, 3Centre Rene Huguenin, St. Cloud, France.

We have undertaken a systematic study of primary
human breast tumor DNAs to identify and characterize
frequently occurring somatic mutations. Among these
mutations, loss of heterozygosity (LOH) on chromosomes lp
(37%), lq (20%), 3p (30%), 7 (41%), 13q (30%), 17p (49%), 17q
(29%), and 18q (34%) in our panel of primary breast tumor
DNAs. Specific subsets of tumors could be defined based on the
particular collection of mutations they conlain. One goal of this
study has been to determine whether there is a significant
association between specific mutations and clinical parameters
of the disease. For instance, LOH on Chromosome 7 in tumor DNA

is associated with patients that have a shorter disease-free
period (p=0.00022) and poor overall survival (p=0.0036). In
addition, we have recently found that mutations affecting
chromosome 17p are associated with breast tumors having a
high proliferative index, a parameter closely linked to poor
prognosis. We have begun to search for putative tumor
suppressor genes within the regions of the genome affected by
LOH. There are two apparent target loci on chromosome 17p. One
of these is the p53 gene. The other is an as yet undefined locus
telomeric to the p53 gene. On chromosome 17q, loss of expression
of the NM23 gene in tumors was also found to be linked to
patients having a poor prognosis (p=0.018). Although a
significant trend (p=0.044) was found between [.OH of lhc NM23
gene and loss of NM23 expression, no point mutations were
found within the coding region of the NM23 gene by SSCP or
nucleotide sequence analysis. These and others results suggest m
us that there may be potential tumor suppressor genes bolh
centromeric and telomeric of the NM23 locus on chromosome

17q.



RIEI'INOI(" ACID RI_PONSE IN BREAST CANCI:.R CI;.LI. I.INI,kS

N. Ahuja, G. ltuper, J. lglehart and J. Marks, I)ept of Surgery,
l)uke k!niversity Medical Center, l)urhanl, North ('aroNna.

Retinoic acid (RA), a metabolite of vitamin A, functions

in normal cellular differentiation, vertebrate morphogenesis, and
may have a role in oncogenesis. Retinoic acid receptors (RAR)
are members of a superfamily of nuclear steroid hormone
receptors and respond to RA and its various derivatives. "l'hese
receptors function by binding to c/s-acting [)NA sequences
termed retinoic acid response elements (It.ARE). We examined
RA pathways in breast epithelial cells by transient transfeclion of
chimeric DNA constructs containing RARE modified promoters
linked to chloramphenicol acelyl transferase (CAT). CAT
activity was used as a measure of RA response. Ten established
human breast cancer cell lines were transiently trallsfected with

RAR[';-CAT constructs and treated with 10-¢'M RA. I/fight out of
ten cell lines showed greater lhan 20 fold induction of CAT
activity upon Ireatment wilh RA. Short term cultures of llormal

mammary epithelial cells responded to a similar magtlitude. 'l\vo
cell lines, MI)A-MB-231 and MI)A-MI?,-468, showed less ihan

five fold induclion of RARE-CAT expression. Co-transfection of
an expression plasmid tbr the RAR-c_ gene did not increase the
response. An independent measure of retinoic acid
responsiveness is growth inhibition in the presence of RA. In
assays of cell growth, RA inhibited the growth of the two non-
responsive cell lines by less than 30%, whereas, RA inhibited the

growth of selected responsive lines by greater than 70%.
Therefore, a subset of breasl cancer cell lines appear ',o be

defective in RA signalling pathways and insensitive to growth
inhibitory effects of RA.



ASSOCIATION OF HER-2/neu 0NCOGEN AMPLIFICATION
WITH LOW NATURAL KILLER CELL ACTIVITY IN BREAST
CANCER

P.Aigin_er I, C.Wiltsc_ke , E.T_I , A.Steinin_er ,
J.Spona_, R.Zeiling_r _-, F.Kur_ , K.Czerwenka-, E_
Kubista-, P.Speiser-, P.Prels- and C.C.Ziellnski
I 2
Isr Dept. Internal Medicine and Ist Dept. Obstetr.

and Gynecol., Univ. Hosp., Vienna, Austria.

Increased expression of the HER-2/neu oncogen in
breast cancer correlates with a decreased level

of estrogen receptor and is an important progno-
stic factor. We have investigated whether there
is a connection between HER-2/neu oncogen expres-
sion and immunologic parameters directed against
tumor defense. Thus, HER-2/neu oncogen expression
was investigated by Westernblot analysis and im-
munochemistry, whereas natural killer (NK) cell
activity was measured by a chromlum-release assay
using the K562 cell-line as targets with three
effector:target ratios (100:1, 50:1, 25:1). In
patients with breast cancer, NK-activity was sig-
nificantly higher, as compared to patients with
benign tumors or healthy control individuals
(p 0,001). Moreover, 25% of patients with breast
cancer showed an overexpression of HER-2 protein.
Within this group of patients NK-activity was
significantly lower (45,6±16,1%, 37,2±12,4%, 16,8
_4,1%), as compared to the group with no HF_-2
protein overexpression (57,3!11,0%; p. 0,006;
46,1!10,1%; p. 0,005; 20,8_8,4%, p" 0,02). NK-
activity was never increased with HER-2/neu over-
expression. Thus there was a significant correla-
tion of cytolytic effector cell activity with
HFJ_-2/neu expression (p=C,O06), and HER-2/neu
overexpression correlated with a negative hormone
receptor status (p=O,O04). In conclusion, these
data add further evidence to previous observations
from thi_ laboratory that certain tumor characte-
ristics may be associated with reactions of the
host in breast cancer..



LINKAGE ANALYSIS OF CHROMOSOME 17q MARKERS
AND BREAST-OVARIAN CANCER IN ICELANDIC
FAMILIES, AND POSSIBLE RELATIONSHIP TO
PROSTATIC CANCER.
A. Arason, R. B. Barkardottir and V. Egilsson, Laboratory of
Cell Biology, Department of Pathology, University Hospital
of Iceland, P.O. Box 1465, IS 121 Reykjavik, Iceland

Seven families, selected for breast cancer segregation,
have been analysed for chromosome 17q12-q23 linkage
to breast and ovarian cancer. In two of them linkage is
seen with most markers tested, increasing towards the
most proximal region, but without informative
recombinations above NM23. A third family shows positive
signs of linkage only for the most proximal marker,
D17S250, and a key recombinant suggests a
predisposing gene mapping proximal to D17S579. In the
remaining families, no linkage is observed. Families with
17q linkage are not easily distinguished by clinical
characteristics such as early onset (mean age at
diagnosis <45 years) or organs involved. In fact, the family
with the highest Iod scores (>2.3) belongs to the "later
onset" (>45 years) category of families while the converse
is true for one family without 17q linkage. Linkage
heterogeneity in familial breast cancer is thus confirmed,
but no correlatior, is seen with clinical parameters.

Interestingly, prostatic cancer is the most frequent
malignancy after breast cancer in our families (12 cases
total, ali metastasizing), and is especially prevalent in
males presumed to carry the trait. Of 16 obligate male
carriers, seven (44%) had developed prostatic cancer.
Haplotype analysis in families with 17q linkage reveals
two further prostatic cases as potential carriers. We
propose that breast cancer genes may predispose to
prostatic cancer in male carriers.
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ASSOCIATION BETWEEN p185 "Eaz SIC, NAL TRANSDUCTION AND
CISPI_TIN-INDUCED CYTOTOXICITY 1N HUMAN BREAST CARCINOMA

CELLS

CL Arteaga, SJ Stewart, TL Catty-DuBBer, AF Russell-

Winnier, LK Shawver. Depts of Medicine and Cell Biology,

Vanderbilt University School of Medicine, Dept of Veteran
Affairs Medical Center, Nashville. TN, and Berlex

Biosciences, Alameda, CA

The c-erbB-2 (ttER-2/neu) proto-oncogeI_e encodes a 185-Kda

transmembrane glycopro_ein witl_ intrinsic tyrosine (tyr)

kinase activity. Specific alltibodies against p185 enhance

the cytotoxic effect of the DNA alkylator cisplatin against

c-erbB-2-overexpressing human carcinoma cells (Cancer Res

51:4575, 1991). We have studied the possible relationship

between the receptor signal transduction and cisplatin-

induced cytotoxicity utilizing the truman breast cancer

SKBR-3 cell line and the monoclonal IgG1 TAb 250 raised

against p185. TAb 250 induced tyr phosphorylation of p185

and of the receptor substrate phospholipase C (PLC)-vI.

Simultaneously, PLC-71 activity, measured by [3H]-PIP2

hydrolysis, was increased 61il2g above control, and 20g of

the total cell PLC-71 protein translocated to the membrane

after antibody treatment. Tyr phosphorylated p185 was

detectable in Western blots of PLC-71 immunoprecipitates as

early as 1 rain after TAb 250 treatment, indicating

association of the receptor substrate with p185.

Concordantly, up to 90g of the total cell protein kinase C

activity, measured as incorporation of :_Zpinto histone III-

S, trans]ocated to the inembrai_e after p185 stimulation.

Finally, we tested whether blockade of the p185 tyr kinase

with the tyr kinase inhibitor tyrphostin 50864-2 would

abrogate the TAb 250-mediated eIfl_ancelnent of cisplatin

sensitivity in SKBR-3 cells. Preix_cubation of SKBR-3 cells

with a non-to:.:ic (20-30 #M) cow,cent:ration of tyrphostin

50864-2 abrog,'it:t_d the TAb :_5()-ii_dttced tyr phosphorylation

of p185, the stilntllatiot_ of PLC-yl cat:tlytic activity, and

the enhancement of cispl, atin-lnediated cytotoxicity.

Experiments examiniI,.g cellular uptake of 195mpt-cisplatin

and drug binding to DNA in response to antibody treatment

in these cells _e currently in progress. Taken together
these data support an association between elements of the

p185 signal transduction pathway and cisplatin sensitivity.

The clinical implications of this association in the

treatment of c-erbB-2-overe::pressing carci_omas remain to
be established.
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SEQUENCE POLYMORPHISMS ASSOCIAIED WIIH ENDOGENOUS
NURINE LEUKEMIA VIRUS--RELAIEDELEMENIS IN MOUSE MAXIllaRY
CARCINOMAS

B.B. Asch', H.L. Asch_, D.L. Stoler_, and G.R. Anderson_,
Departments of 'Expt.Pathology and 'Molecularand Cellular
Biology, Roswell Park Cancer Institute, Buffalo, New York

About 30-40 copies of murine leukemia virus-related
(MuLVr) elements reside in the mouse genome. [he full-
length elements are 8-9 kb in size and contain gag, pol,
env, and long terminal repeat sequences, hallmarks of
ret)_oviruses. MuLVr elements are etiological agents of
leukemia and lymphoma in certain mouse strains, wherein
they induce transformation by transposing and causing
insertional mutagenesis of cellular oncogenes. Recent
studies in our laboratoryhave revealed that expression of
endogenous MuLVr elements is elevated 10.-70fold in many
primary mammary carcinomas of chemical, hormonal, and
viral etiologies compared to normal mammary gland of
BALB/c mice. As increased expression of endogenous
retrotransposons is associated with an increased risk for
transposition, mutations due to MuLVr transpositions may
have occurred during the development of these tumors. We
have therefore begun to search for evidence of such
mutations involvingMuLVr sequences in the mammary tumors.
In our first approach, we compared restriction fragments
of DNA isolated from normal mouse mammary gland and the
mammary carcinomas. The DNAs were digested with EcoR-I,
Hind-Ill, or BamH-I to obtain fragments comprised of
sequences from both MuLVr elements and their cellular
flanking regions. The fragments were analyzed by Southern
blotting and hybridization with a cDNA probe which detects
all MuLVr elements. No differences in the set of MuLVr-

containing fragments produced by £coR-I and Hind-III were
detected between normal and tumor DNAs. After restriction
with BamH-I, all samples contained prominent fragments of
9.5, 5.i-5.8, 3.9, 2.8, 2.0, and 1.7 kb in size which
hybridized with the MuLVr probe, In addition, 2 extra
bands of 2.6 and 2.5 kb were present in DNA from 4 tumors
which had elevated levels of MuLVr RNA. lhe extra bands

were not found in samples from normal mammary gland or
from tumors which did not have increasedMuLVr expression.
lhe basis for these DNA sequence polymorphisms is
currently under investigation.
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DEREGULATION OF ENDOGENOUS REIROIRANSPOSONS IN M(RJSE
MI_J4_gIJ_YCARCINO_AS OF DIVERSE ETIOLOGIES
H.L. Asch:, B.B. Asch_, D.L. Stoler_, and G.R. Anderson_,
Departmentsof :Expt.Pathology and _Molecularand Cellular
Biology, Roswell Park Cancer Institute, Buffalo, New Yo_k

lhe genome of most mice contains four major families
of endogenousretrotransposons:intracisternalA-particles
(IAPs), murine leukemia virus-related (MuLVr) elements,
VL30 sequences, and murine mammary tumor virus (MMTV).
The ability of some of these endogenous retrotransposons
Lo transpose in nuclear DNA and alter expression of genes
critical in growth control by insertionalmutagenesis is
now well-documented from research on several types of
cancers, includingman_ary carcinomas. However, with the
exception of endogenous MMTV, very little is known about
the expression and activities of these elements in normal
and malignant mammary epithelium. We have begun a series
of investigationsto analyze and compare expression of the
three other types oF endogenous retrotransposons, |APs,
MuLVr elements, and VL30 sequences, in normal mammary
gland and mammary neoplasms of different etiologies in
BALB/c mice. In the present study, primary mammary
carcinomas induced by chemical, hormonal, viral, and
unknown agents were examined by slot and Northern blot
analyses. Each of these cancers, despite their various
origins, had aberrant expression of one or more of the
latter three endogenous retrovirus-like elements. [he
level of IAP and/or MuLVr transcripts was elevated 5-100-
fold in most of the tumors compared to normal ma_Jnary
tissue, whereas VL30 RNA was markedly decreased frohl5-40-
fold. Moreover, many of the tumors expressed two IAP
transcripts of 5.0 and 1.9 kb not detected in normal
samples. Our results thus indicate that there are
substantialchanges in the expression of as many as three
families of endogenous retrotransposons during mouse
mammary tumorigenesis, regardless of etiology.
Interestingly, these changes are more widespread and
consistent than those reported for endogenous mouse
mammary tumor virus. IAPs and MuLVr elements have already
been shown to contribute directly to neoplastic
progression by insertional mutagenesis in cells of
hematopoietic lineage. Their activation in mammary
carcinomas raises the possibility that they may also play
a role in some pathways of mouse mammary carcinogenesis.
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CHARACTERISTICS OF P53 PROTEIN IN NORMAL AND HUMAN
PAPILLOMA VIRUS IMMORTALIZED HUMAN MAMMARY
EPITHELIAL CELLS
Vimla Band, Laurie Delmolino, Sorab Dalai t and Elliot Androphy t2
Departments of Radiation Oncology, Molecular and Microbiology _ and
Dermatology "_,New England Medical Center Horpitals, 750 Washington
Street, _ston, MA 02111

The long term goal of our studies is to understand the molecular
mechanisms underlying immortalization of human mammary epithelial
cells. Previously we have demonstrated that human papilloma virus
(HPV) 16 E6 gene is essential and sufficient for immortalization of
human mammary epithelial cells (HMECs). Consistent with the results
obtained by others in rabbit reticulocyte lysate system in vitro, we found
a dramatic reduction of p53 tumor suppressor gene product in HPVI6
E6-immortalized cells. To elucidate the mechanism of loss of p53
protein in vivQ, we characterized the p53 £ene and protein in normal and
HPV E6-immortalized cells. First, "alinormal HMEC strains examined
show easily detectable levels of p53 protein when analyzed by
immunoprecipitation from metabolic'ally labelled cells. To rule out the
possibility of missence mutations in p53 gene in these in _ established
cells, we sequenced the entire coding region of the p53 mRNA in one of
the normal cell strain called 76N and found it to be wildtype. The p53
protein in HMECs was unusually stable (half life of > 6 hrs.) in contrast
to widely examined rodent fibroblasts (half life < 30 min.). This long
half life may account for easy detectability of p53 protein in HMECs.
In contrast to normal HMECs, the half life of p53 protein in HPVI6 E6-
immortalized cells was markedly reduced (about 30 rain.). This result
provides direct evidence for in vivo2degradation of p53 protein by E6
gene product. To examine if p53 degradation is essential for E6-induced
immortalization, we have transfected E6 genes of HPV6 and BPVI
which have been reported not to degrade p53 protein in in vitro
experiments. Surprisingly, each of these E6 genes resulted in
immortalization of HMECs, though the efficiency was lower than HPV 16
E6. We are currently examining the status of p53 protein in these
immortalized cells. These analyses should help determine the importance
of p53 loss in E6 immortalization.



A CANCER FAMILY WITH AN ABNORbiAL EXPRESSION OF p53 PROTEIN
IN MALIGNANT CELLS AND IN A SPECTRUM OF BENIGN TISSUES

D Barnes I , A H_b_ , C Gillett I , S Hoh_l_led 2 , S Hodgson _ ,

I Leigh 3, T Purkis 3, C Mac_h "_, N SpL_-__, J Bartek _, B

Vojtesek 6 , S Picksle_, D Lm_e 6 .

IICRF, Clii_ical Oncology Unit, and 2UMDS Clinical Genetics

Unit, Guy's Hospital, LONDON, UK; 3 ICRF Skin Lab, Royal

London Hospital, LONDON, UK; 4 ICRF Clare Hall Lab, Potters

Bar, Hefts, UK; _Institute of Haematology mid Blood

Transfusion, Prague, CZECHOSLOVAKIA; t'CRC Labs, University
of Dundee, DUNDEE, Scotlm_d

As part of our inlnunohistoch_nical studies into the

expression of p53 protein in patients who are members of

fmnilies with m_ inherited susceptibility to cancer, we

have _]countered another and daughter who have a very

_]usual pattern of p53 protein expression. Both have had

man_nary carcinoma and we have found an abnormal

accun_lation of p53 protein in into]ours from both patients

but, exceptionally, we )]ave also found expression of the

protein in mm]y normal endothelial and epithelial cells,

in particular in the epidermal keratinocytes. The mother

has now died but the daughter is alive and well and we

have obtained a skin biopsy from her which enabled us to

culture fibroblasts and keratinocytes for further study.

Both cell ].ines also express vastly elevated an_unts of

the protein. Exper_nents to date shca; that the protein

has all the features of wild type and none of the features

of mutm_t protein. Furthermore, despite exhaustive

analysis of the DNA in 2 laboratories, no n_tations have

been found in the coding regions of the p53 gene,

suggestil]g that there might be. an abnomnality in the post

translational control mechanism affecting the degradation
of p53. It appears that we have identified a new type of

ilJ_erited cm]cer syndrome which involves the p53 gene in a
way which is different fr_n the mutations found in the Li-

Fraumeni sTfndrome.
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AN INTRON MUTATION IDENTIFIED IN A LI-FRAUMENI
SYNDROME FAMILY WttlCH RESULTS IN A SPLICED
FORM OF P53

G. Casey _, M.E. Lopez 1, P. Fain 2, and It. Anton-Culver ,_,

1Department of Cancer Biology, Cleveland Clinic Foundation,

Cleveland, Ohio; 2Department of Infornlatics, University of

Utah, Utah; 3Epidemiology l:'rogram, University of California,
Irvine, California.

The Cancer Surveillance Program of Orange County, a
population-based cancer registry, has been used to ascertain
early-onset (<30 years at diagnosis) breast cancer cases. 72 cases
were identified, and family history was obtained for 24
individuals. One of these families appeared to be a Li
Fraumeni cancer syndrome family, with multiple cases of early
breast cancer, brain and bone cancers. Germ-line p53
mutations have been described in Li-Fraumeni syndrome
individuals, and may represent the cancer predisposing
mutation for this family cluster of cancers. A lymphoblastoid
cell line was established from the only surviving obligate
carrier, and p53 sequence analysis pm'formed. Following

isolation of poly A' mRNA, reverse-transcnptase PCR
amplification was performed, and the entire coding domain
sequenced following asymmetric PCR. Two p53 mRNA species
were expressed: a wild-type, and a species in which exon 10 is
spliced out. These data suggest that there is a mutation in the
splice acceptor sequence for exon 10 such that it is spliced
inappropriately. The presence of this mutation is now being
examined in paraffin-embedded tumor tissue from other
affected individuals in this family.
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,_,i,i.EI.IC IMBAI.ANCE IN PRIMARY BREAST
('_R('iN()MAS AND LYMPH NODE METASTASES:
REI.ATI()NSHIP %_'l'rl-I TUMOR PI,OII)Y.

¢'.J. ('c_rncli._,,<¢_, B.A. Bonsing l, N.J, Kuipers-Dijksho_rn l, M.
Vi.Ill \"liCl i, _ll(.i P. [)evilce l:!. Dept.of Pathol_g._.(I). Dcpl. of Iluman
( i_no!w, (2}. I 'nivc'rsit_,,I l,cidcn, rho Netherlands

P,ccenil\, we have completed an allelotype sluciv of 80
t_rin_arv breast cancers ii1 which ali non-acrocentric
chr_tin(Is_i:_c arms _:ere screened with at least one

p_lym_rphic in:lrker per arm for allelic irnbalance. Allelic
in_.balar_c¢ (..\I) includes both allelic loss as well as _ gain in
c{tp} lltlltlbcr _.)!()no allele. Highest frequencies _i allelic loss
{4qb-¢_t_,} ',_crc !,._und on chromosomes 10q, 0q, 8q and 17p
\_,her.. ;.llJCliC gaill wa.', ft)lllld predominantly for lq, 1lq and
2lk i, NI, rc than Ill different chromosome arms simwed Al in
m_)rc :ban ;'-,II(; c_l the inf<)rmative cases. The majority of
IL1111¢}i"', [ -'3()) _,hmved C,'):!Cl!rre!l 1. Al OI1 2 ()r ln(}re

ct_r,,m._st_v._c arn>. ('(_mparison with flow cvtometric DNA
_!_.tic'_delcri,.liilali(_ns showed that Al on 3p and 17p was
4,,,,_ciated with :tneuploidy. Fractional AI was highest in
'_um,)_,,, v,ith hyt._)tetraploid I)NA indices suggesiing an
as,( w iu.I_,,n t_ciwcc n tc trapi( _idizat i_)n t()1]()wed by ch nm_( is( lille
l_>,s:,hd c,:tensi_e m_._lccutar-genetic alleratit)ns. We _,tw have
c,.lc'r_tk_,.!_._uraJtet(,l,,pc s'tith with t) primary Iumttrs alltJ their
,._;rrc,p_nd,ne !Xmph n_ttc mcta.,,tases. In all u tt_ln(_rs .,\[ x_a.,,
l_}t,'ilt} (_I1 4-.i( t tiillcrcIll chr()ll!()%()lllC ilrlll>. [.}illph lit)de

II:C.'.:i',l :>t'.>C', ",h_*_cd lttcntica] allcl(_lype,, ats their
cl.,'Fycs[}l)l'ldiI]g [)Tlltl_li "_, [Hll]tIr',. ir,espectix.c ,._I illlrtl-ttllllOr

l)\..\-p!_id_ diflcrcnccv. IhCSc le,,tlll_, indicate thal the
!II(_!CCLIiix, gCll_.!I.i_.' u',¢,iuti_n (_i t_rcast cancer,, is largely
cttrni_.ir'cd !_el_trc lhc !(_r,l_a,iitn ()f r-.'le!as!ases. Iii addili(in the
:tli_,l_,t,,!_c can hc _l',cd ii.,.,at unique an,t highl._ st)ceillc clt_nat
l!31tlkCT tt_! {llt]i\lt]tltt! ttllllt_r>.
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IDENTIFICATION OF GENES INVOLVED IN

MAMMARY DEVELOPMENT USING A PROMOTER-
TRAP RETRO\,'IRIIS.

J.Ctmlomhe and D.A.Gray, Departments of Biochemistry

and Medicine, Universily c_I Ottawa, Ottawa, Canada.

In an cfff)rr t_ improve our knowledge of lhc genetic

program of mammary diflcrentialion we are using a
recombinant prc_motcr trap rctrovirus to identify genes

involved in this princess. The rctr_virus makes use of the

,,veil established c_operati_n _l" ttle mvc' and ras oncogenes in
causing tumc_rs (we therefore have designated the virus

COPT l_r ccu_peraling once,genes l_rom{_ter/rap retrovirus).

Replacing the slructural genes _t lhc relrovirus is a c-mv_'

gene driven by the ubiquitously expressed phosph_)glycerate
kinase pr_mc.,tcr. In the I_ng lerminal repeal of the virus is

a pr¢_m¢_terless v-Ha-ras once,gene. If the proviral form of
this virus integrates adjaccnl t_ ,tn active cellular promoter,

I_th _nc_genes will he expressed and a iumor will l_rln.

InIccti_n _1 ln_usc mammary epithelium will be

pcrf_rmcd al ad_lescencc by direct ii_jecti_n Ihi_mgh lhc
nipple inl_ lhc main duct _I" the gland. Specific inR'orion of
lhc end buds is currcnllv being tested using rctr¢_viruses

harbouring marker genes. Tumours appearing sh_rtly alIcr

inlccli_n will likclv bc due to lranscripli_n _1 ru.s' tr_)m

"h_usckcct_ing" lypc pr_m_tcrs. Mice will then be bred t_
rcinilialc dcvcl_pmcnt. "l'um_rs arising during pregnancy

will likcl\, be lhc rcsul! _,f aclivali_n _1 rn,_mmary-sp¢ci['ic

pr_ill_lcrs, l[l_sc ¢_1 illlcrcsl. 'l'hc cellular sequences al Ihis
len.'us can lhan l_c rcc_vcrcd using the rapid PCR cl_ming

strategy _1 Silver and Kcerikalle, I_r further analysis.
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PUTATIVE INVOLVEMENT OF CYCLIN D GENES IN
HUMAN MAMMARY CARCINOGENESIS

Anouk Courseaux i, Jos,_ Ad_lafde 2, Josiane Grosge_rge l, Daniel
Birnbaum 2, Charles Theillet _ 8,: Patrick Gaudray I. II.(}M('ll, ('NRS LIRA
1462. Nick, 21nstilut Paoli-(',dmcttes. M:trseille, _('NRS lIRA 1191. M_mipellicr ,
]'_tI1CC.

In breast _.'ancer, some of the complex amplificatit_n events

encompassing various portions of l lq13 include CCNDI, a gene
encoding a cyclin of the D type, also referred to as PRAD1. Although
expression of this gene in mammary tumors correlates with its
amplificati_m, there is no definite proof thai it is the gene under selection
in the process _I tumor lormati_m.

Two other memN,'rs of the cyclin D gene family have bccn cloned
lrt:m hurnan DNA. They are located in gem_mic regimens where no
amplification has ever been sh_)wn to take piace in breast cancers :
CCND2 is _,n 12p13 and CCND3 is _)n 6p21".

In t)rde.- to test the hyp()thesis that cyclin D genes play an
imp_)rtant rr)le in mamrnary carcinogenesis, we have studied their
amplificati_n status in more than 1{1_)primary breast carcin,,,nas. We
have flmnd that ali three genes were amplified in ca 1/5 tumors (lg.Sg,

24.5',;;. and 23.59; ft,r C'(TNDI, C(TND2 and CCNDJ, respectively).
M_rc_ver, CCND2 and CCNDd were shown t_ he ctx-amplified in a
statistically significant number _I tumour samples. We have nuw
c_}llectcd a large series _I mammary carcinc_mas l_r which b_th RNA

and DNA c_uld bc prepared in _rder to study a possible ct_rrelatitm
between RNA cxprcssi_m and cyclin D gene ct_py numbcrs. Such a
c_rrclatitm w_uld implicate them as rclevanl physit_l{_gic targets l_lr
gcnc amplil]cati_n in this disease.

* Iliaha 1. M,ll_,u,,hmic II. Valcnlilie M. l,_m',,,cl Ml;. Short ('J & l,_,lk AI.

I 1_2_ ( }C[II)IIIiC _ll_;tlli/:lll_Ht, Chl_illllP',#.llllilJ ]_Kat]i/./.t[lllll ;llld illdCpglldC[l[ CXl"HCs, s.i()ll

of htllllall cyclnl l) Relics {;c_l,,nl_._ 13 : qr_S-q74.
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IN[;UC|'LON OF THE I'_L'J'A.,';TA'|'IL" I'It_.NU'I'¥PH hY [')NA T|:AN:;FL'C'I'ION
IN A RAT MA-MMA_V MOOF, L.

llarry }4. Davj(.'s, Michael P.A. [).wi(_.s, Ro_jul lsart+_cio_)gh and

Philip _, i_udla_d

C8 hcq,r and t'Ol io _L::._nrch _'u)id _ai%or Lit O1" JL'H , [_J¢,:|)_}t;|l'y

bepat taent, Hntversity _,I [.iverp,,_l , Liv_r_woo| , U_,.

Isolate and Identify I)NA sequence_ wh Ic.h _[o,, xf_duc_, tl_c_

notarial xc phe/totype in _ benign _at mammal y epithel _a! cell
i) rm.

Cot_ansfectlon Of r_tr£ctton _flz),_u ~, raqment ed [}NA fl-ot_

malignant humaH cell |lHc.% from a primary breast carcinoma (1) or

f_um pleu_al o_(usJon_ (2) and the d_ug reslstmhc(_ })l,smld
pSV2_Q (3) yleld0d several trans_ectants which metastaslzod to

lu_iqs _nd/or ly_pil nodes in _yliqeneic rats. He metasta_i_ w,,:)

obta_ ned when ,lon-tran_ letted recipient Ce|}s, oc c(+l Iu

transferred with pSV2}li_ p}asmld alone, or celi_ t_an&{ect.ed with

I)NA isolated from beni.gr, mazLmary tumour" Ceils were IH_ect_d Into
rats under the same conditions. COI}8 which mltastaslzed weto

_ e-Cstabl |shed in culture and DNA l_olated _rom them.

Hybrldi_atlon with _n oJlgonuc}_otld_ specific for the hu/_at_ _

sequence hds revoaled the presence of human DNA integrated JHto

the genome o£ those cells. These results demonstrate that (hb

metastatic ph_noi ypo can be. transferred _rom malignant, human

_ol 1t, In a goner|eel }y dominant manno[ in _he nodol systaa

e_ployed. _t" n_w intend to 16olate the DHA _equences z_._;l,OllSible

(oi _nductlon o{ th_ z,etast.atlc phenoLypn hy standard clonil;g and

•Jotluencinq techniques.

This work has boon complumonted by tran_foctlng thu ._me

rec_plent cell llne w_t.h the gene ['or pgKa, whose. (_),,'pteSsiott hb6

been correlated with meLaste_|c broa_t disease und _ plo_mld

conta_n_hg an activated form of the _i oncogene, Ha-L_--I (4).

pgKa and It.+_ IPJ_NA ape expressed I_L a hIQh level I11 , mallgnar|L

rat na_b_ery epithelial cell llne whx_h has a hlgh metastatic

potentla], whereas non-P_etastatic mammary epltl_ellal ceils fai!
to eKpress pgKa I_JtNA ol protoiH (5) . ']'tie n_HA of the m(Ju_o

homologdo O_ pgKa, called _J_l, iS oMprossed at _ tiigh level i_) a

subllno of mouse mammary tumc_ur calla with e h)_h metastatic
potont_aL, but Jt Is riot expressod dotuctable Ill a clotloiy
rel_tod sul)llne ot the samo cell_ that duos not m_ta_+taslzed

u_dor th¢1 same conditions (6).

when out cloned gene for pgKe jr. transtected as part of a ;:instead

containing the llf_g _une into the name benign recipient col/ llne

and in]erred into syngo_o_c t'ats, mutast(itlc tumour's Jr_ lu_tgs and

l'_n_ph uodes are foraged (7}. However, colJs transfected with lla-

_n6-I reproduclbly fail tc, metantaslzo _n th_ anm(_ cell sy-t_m.

1 he:+,' _et;_ I _ _, Sugg_t _hat the presence sr)d/or 0_1'1 {_:;-_ _ _h _1

add:ti,:t,/_i CO|}io_; Of tt%_ p9_+* gene can _ndl)ce rh,: )',(t.nstat l_;

[_h(+'not y|_+' Jli t hOSe ce/I s, w,%_l e as tran_fect Ion tjf I 03 d(Jue+ )_c_t
rc:m_er _eta_+tatjc propo_ ties.

P_." <an,,<,z _e_ t;ge'_l fL_ 3n,,_ )lt_,7

'' ),_a,} _ _oua)9 X^ Tl+likll T',, L_l)pll.ar, _i, ,,'_z£(,,, ._.:+ j_,y,,
m.; ( 41Plt++ _411 < }+/4_} ._j_: +J_d-J}{4

_¢: m++i_, lA, _lJunl. t r, MIIinI[j CJ. IilLl A. ,el c_,J| b*u_

_+_ D_+t_:_h_t(,:'_. il._, pp&[, [J_e{&if.,Ur,+vmtl,_t%. l+l" I_c,l%_or, ( _gB_ )

{t: t#t++l+'i<_3e, A. Tui,':hlr,ml_y, E Gtlgul+a)+, m. Ara++lyc+a. ,+.
,_,lll,:) . _,, _l'#411t++w+. P+, Luk+llx|dlr,, P Gli/+ell IM l._ivlllesi;ller,;,£+I+_,; _' £+;++l.-.u++

+7 Dlvion, lh_. [)I+)O_,, f()'A. G|bb(,. VI._, mit ia,'_,ugh I_ _)_1_d:0nd .:+ Ol%crg_J[tlJ, Ik_blJ(ted

;_rry i_ Uavll¢ web l_upp_rt,_,dby • N_J[cal l_)il(_ICh (oun_;ll
5tud_r, tihtp ir, d M_c:_le_ P.A. _v_e_ by I C|a_o G_ou_ I_e_,_rot+
5t _dent_t,Ip
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p53 GENE MUTATIONS AND LOSS OF
tlETEROZYGOSITY (LOll) IN BREAST CANCERS
DETECTED BY POLYMERASE CtlAIN REACTION (PCR)

Guoren Deng 1, Ling-chun Chen 1, Vivek Bhargava 2, Britt-Marie Ljung 2,
Ann Thor 3, Helene S. Smith 1, 1Geraldine Brush Cancer Res. Inst., SF;

2Univ. of Calif., SF, Dept. of Med.; 3Mass. Gen'l Hosp. Boston, MA.
Mutations of the tumor suppressor gene, p53, have been

implicated in the pathobiology of breast cancer. Because mutant p53 has a
longer half life than wild type, accumulation of mutant protein results in
immunopositivity. In a number of studies, p53 immunopositivity has
been used as a surrogate for mutations of the p53 gene and we have
recently shown a strong correlation between p53 immunopositiv"y and
poor prognosis, estrogen receptor negativity, and high histologic grade
(Thor et al., JNCI 84:845-855, 1992).

To further characterize the nature of p53 mutations presents in
breast cancers, and to verify the concordance between immunopositivity
and mutations, we have sequenced the conserved region of the p53 gene
(exons 5 - 8, and their flanking sequences) in selected breast cancer
cases. To detect the mutations, DNAs from tumors were amplified by
PCR with four pairs of primers covering exons 5 - 8 and their flanking
sequences. The mutations were first detected by single stranded
confbrmation polymorphisms (SSCP) analysis, and further proved by
double stranded DNA sequencing. Mutations were detected in 16 of 38
cases (42%). Of the 13 immunopositive cases, 12 (92%) had missense
mutations distributed anaong ali four exons examined. The single
exceptional case had only I% immuru_positive cells. Among 25 cases that
were negative by immunohistochemistry, 4 additional mutations were
found including 1 frameshift and 3 missense mutations.

To determine whether p53 mutations occurred together with
deletions of the second allele, LOH of the p53 gene was also measured.
Tumor DNAs were amplified by PCR using 3 pairs of primers covering
the polymorphic sites in exons 4, 6, and intron 6; the amplified DNA was
digested with restriction enzymes and the LOI t determined after agarose
gel electrophoresis. 13 of 21 informative cases (62%) showed LOH.
Surprisingly, there was no correlation between LOIt and p53 mutations.
Only 3 of 12 (25%) cases with LOH had mutations indicating that many
breast cancers with p53 mutations retain a wild type allele. LOH of the
p53 gene was also seen in 9 cases with no detectable p53 mutations
suggesting the possibility that a gene other than p53 was the target of the
LOtt for these cases.

The successful use of PCR based technology and SSCP for
measuring mutations and LOt! enables us to readily screen small,
paraffin-embedded samples. Currently, we are evaluating the nature of
the p53 mutations and the status of the 2nd allele in a cohort of p53
immunopositive tumors which did and did not recur. Supporled by NItt
POI CA 44768.
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MAPPIN(; AI.I.Ei+E I.()SS RE(;I()NS IN BRt:AST CANCER ON

16ti ANl) 17q USING MICR()SATi'.'I,IATE I'OI.YM()RI'ilISSIS

P. l)evilcc _'', A.-M. ('lcton-J,msen", R.S. Cornelis _, A. Bardocl _,

H.W. Moerh.md", NI. Van Vlicl l, N. Kuipers-l)ijkshoorn:, and C.J.
C0rnelisse:. l)cpt, oi I luman (;cnctics li ). Dept. of Path_h_y (2), [)nivcrsity
ot X+_.qd_.n,Th_.Ncthurland,_.

Sora,tilt loss tit hcterozygosity (I.OH) in breast cancer is a

COll+l+lon l-)llellOlllellOX+, particularly on chronloSOlllCS 3p, 6q, 16q,
and 17p. "l'he target genes for these events have for some chromo-

some ,_rms been identified, for others they remain Io be discovered.

l)ctailcd mal_ping of the region undergoing I+()H in a series of

tun+ors may aid in this identific,ition. In addition, l+()i+l-nlal_l_ing
may aid in mapping genes th;.tl h,lve been localized hy means of

gcv+etiu linkage ix+ tilmilius, such +ts LIlc gene for early--onset brcast

cancer (I+RC'A I) on 17q12-ct2 I.

l.()tl-lnal+l+in_+ is intrinsically limited by the nunihcr cii
av<lilal)l¢ nlarkc.'rk l_r a chit_illo_tllllO +trill, ttilcl thuir iilft_rin;tliv¢ ._

lli.,s_. A further IiniitatJox+ ulJT.hl t)l." lhc ai+lot+lit tit lulllor I)NA

isolatctl frtuil ¢;tch Sl)¢¢illlt.ul, alltl +i low frcqucllcy t_f Jxlf_lrnlalJ\.'¢

l.OH-hrcakl_ini_, nucus_itatin b, the analy.'_is _fl lar_u.e s_:rics of
paticrit_. A nuw _,tlurc't.' of l)tllyinorl)hi_nls art.' lhc" rl.!C¢l+lly dis-

covured nlicio_,al¢llitc_. ihcs¢ loci u_,tially ha\¢ a hi_zll l_ol)'ll+orl)hJc

iilforlllalit_il colltuilt anti art: vi_u,llizud t_v I>('R \vhich _i__,i/Jt]calltly

rt.'duc¢s tll¢ ;.tiller+ill til I)NA ti_,t.'(l pcr tvpin 7 _illtl ill_ikt_'_, I)NA

ik_latc.'d litill+ i);il;tllin ¢inhuddc'd iis_uu._ acc'uk,,it_lu ftlr analysis.

tt_\vc\ui-, thu uffuct t_l ',i,,,\l/llll¢lrlc" anll)lilicatitm til all¢lus a<_well

;i,, lhc llrc,,c'ncc t_l c.'tull;,tnlill_il_llU,... l/till-Ill+iiJ_ll;illl I)Ni\ ll-t)lll sli'tlllli.l]

cull<, in tUlll_r ,,',lilll_lcx, till thL' ¢\¢illtlal ¢xl¢ilt til ',lllulic iilll);.il_lllCt.'

iii l_il_l_ll_c')'tu \¢r,,ti_, lUllltlr I)NA, h;.ts iltll )'ct Il¢C_'llthort_tl_thl\;
_,orlctt t_ul+

titre ,,,,_.'i)rt.",¢nt ihu rc\tilts t)l" l+()tt--llial)l)irig htutlius o11 lflq

alltl 17q iii nlllrt.' lh;in tlll¢ tltllltlit.'tl hrc_lM Itillltlr_. Tilt lis¢ til" 141"1.1',

VNTI4, +flirt (',,\-i-¢l)¢'<ll t)p¢ til i)t_l)lllt_rl_hi_nl_, iii ut_n.jul_ctitm _ith

I,t,_¢r ctcnkilt_i_l¢lr\ _I '<ttitt_ititlit_Ti",tl)tl_, cxlctt_lc'<__ill ¢valti',tti(,ui _I lhr.'

;tl_l_licat,ilii\ i_f I>('R _.it_lc.' lll,iikt.,rx Iii ]+()lt-_lu_lic_ iii I'ltlth

tlti',tlil;ill', c' ,tlitl Clti,il_lll,lli\ c' lCrlit,,+
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DIETARY FAT INCREASES THE INCIDENCE OF MAMMARY
TUMORS IN MMTV/v-Ha-ras TRANSGENIC MICE

("ONCOMICE")

J. DeWille, K. Waddell and S. Farmer. Ohio State Biochemistry
Program, Department of Veterinary Pathobiology, The Ohio State
University, Columbus, Ohio 43210.

The incidence of breast cancer is highest in countries in which
fat contributes 40% or more of total calories. Experimental studies

indicate that dietary fat promotes mammary tumors, but the
mechanism is unclear. Female oncomice were fed diets providing 0-
25% of calories from corn oil (CO). Mammary tumor incidence
correlated with fat intake, varying from 7% (0% CO) to 52% (25%
CO). Ras oncogene copy number and ras mRNA levels were
increased in mamrnary tumors derived from the 25 % CO group. The
ras oncogene was hypomethylated in ali mammary tumors.

The type or amount of fat in the diet influences the
transcription of genes encoding lipogenic enzymes and transport
proteins. Mammary tumor Stearoyl CoA desaturase (SCD) and
apolipoprotein E mRNA levels were altered by fat intake in concert
with liver. Fat intake also affected C/EBP isoform mRNA levels.

In contrast, p53 gene structure and mRNA levels were unaffected by
fat intake.

High fat diets alter gene expression and transcription factor
mRNA levels. These changes may alter the metabolism, growth or
differentiation of initiated cells.

23



HAPLOTYPE ANALYSIS OF SISTER PAIRS AFFECTED

_Y EARLY ONSET BREAST CANCER.
D.Easton, 1y. Bevan, ID.Ford, 2B.A.J.Ponder*,

Ij Peto, and ]M.R.Stratton.

1Sections of Epidemiology and Molecular
Carcinogenesis, Institute of Cancer Research,

15 Cotswo%d Rd, Belmont,Sutton, Surrey, SM2
5NG, UK; _CRC Human Cancer Genetics Research
Group, Dept Pathology, University of

Cambridge, Tennis Court Rd., Cambridge, CB2
IQP.

Following the initial report of linkage
to markers on chromosome 17q by Hall et al.,
1990, an analysis of over 200 families by an
international consortium of groups has
estimated that about 45% of breast cancer
families in which there is no case of ovarian

cancer are linked to BrCal. However, the
study also suggests that BrCal may make a
lesser contribution to kindreds in which

there are only a small number of affecteds.

In an attempt to investigate this issue
further, we have typed markers D17S250,
D17S579 and D17S589 which flank BrCal in

forty five sister pairs affected by early
onset breast cancer. On the basis of

epidemiological studies, over 70% of such
families should be the result of genetic
susceptibility. The degree of haplotype
sharing indicates a significant contribution
of BrCal in this group of families (p<0.05).
However, the proportion of sister pairs
attributable to BrCal still has wide

confidence limits, and further studies are
required to provide an accurate estimate of
the contribution of this gene to familial
breast cancer.

Hall, J.M., Lee, M.K., Newman, B., Morrow,

J.E., Anderson, L.A., Huey, B., and King, M.-
C. (1990) Science, 250, 1684-1689.
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GENETIC LINKAGE ANALYSIS IN FAMILIAL BREAST AND OVARIAN
CANCER - RESULTS FROM 214 FAMILIES.

D. F. Easton1, D. T. Bishop 2, D. Ford 1, G. P. Crockford 2 and the Breast
Cancer Linkage Consortium

1CRC Section of Epidemiology, Institute of Cancer Research, Block D,

15 Cotswold Road, Belmont, Surrey SM2 5NG, 21CRF Genetic
Epidemiology, 3K Springfield House, Hyde Terrace, Leeds LS2 9LU

Breast cancer is known to have an inherited component, consistent in
some families with autosomal dominant inheritance; in such families
the disease often occurs in association with ovarian cancer. Previous

genetic linkage studies have established that in some such families
disease occurrence is linked to markers on chromosome 17q. We
report the results of a collaborative linkage study involving 214
breast cancer families, including 57 breast-ovarian cancer families;
this represents almost ali the known families with 17q linkage data.
Six markers on t7q, spanning approximately 30cM, were typed. The

aims of the study were to define more precisely the localisation of
BRCA1, the extent of genetic heterogeneity and the characteristics of
linked families and to estimate the penetrance of the 17q gene.
Assuming genetic homogeneity, the strongest linkage evidence was
obtained with D17S588 (Zmax = 21.68 at 0f= 0.13) and D17S579

(Zr-nax =13.02 at ef = 0.16). Multipoint linkage analysis allowing for

genetic heterogeneity provided evidence that the predisposing gene lies
between the markers D17S588 and D17S250, an interval whose

genetic length is 6.3cM in males and 16.7cM in females. This position
was supported with odds of 66:1 over other intervals. The location of
the gene with respect to D17S579 could not be determined
unequivocally. The best estimate of the proportion of linked breast-
ovarian families was 1.0 (lower LOD-1 limit 0.71). In contrast,
there was significant evidence oi genetic heterogeneity amongst the
families without ovarian cancer, with an estimated 45% being linked.
These results suggest that BRCA1 accounts for the majority of
families in which both early onset breast cancer and ovarian cancer

occur, but that other genes predisposing to breast cancer exist. By
examining the fit of the linkage data to different penetrance functions,
the cumulative risk associated with the 17q gene was estimated to be
59% by age 50 and 82% by age 70. The corresponding estimates for
the breast-ovary families were 67% by age 50 and 76% by age 70,
and for the families without ovarian cancer 49% by age 50 and 90%
by age 70; these penetrance functions did not differ significantly from
one another.

25



I'Xi_RF,SSION O1; ON('(X;I:.NI:.S IN MOUSE MAMMARY
F.PITI II.2LIUM IN VIVO BY "I'ISSUI!, RI".(_ONSTITUTION

Paul A. W. EDWARI)S, Stlsall l:;,.l liby, Jackie i:'apkoff I, Richard

Deed 2 & J;.lne M. Bradbury

Department of Pathology, University of Cambridge, Tennis Court
Road, Cambridge, CB2 IQP, U.K. I Syntex Research, Palo Alto,
CA 94304, USA. 2 Deparlmenl of Gene Regulation, Paterson Institute
for Cancer Research, Christie Ilospital, Manchester M2() 9BX, U.K.

We have developed a method for expressing genes such as
oncogenes specifically in mouse ma_nmary epithelium in vivo. Normal
epithelial cells are isolated from one mouse, oncogenes are inserted in
brief primary culture using helper-free retrovirus, and the cells are
implanted into the 'cleared' mammary fat pad of another mouse. A
'cleared' mammary fat pad ix one from which the endogenous
epithelium has been removed early in development. The transplanted
cells reconstitute an epithelial 'trce' in its natural tissue environment in
which somc of the cells express the introduced gene. This approach has
advantages over transgenic mice expressing genes from MMTV or
WAP promoters: e.g. clones of cells express the insertcd gene against a
background of normal cells; and hormone-insensitive promoters can be
used, with efficient expression in the virgin gland.

To show expression of introduced genes the enzyme beta-
galactosidase was inserted, which can be stained for in whole lllOUlll.
"l'hc cells expressing the gene occured in clusters interspersed with tells
not expressing the gene.

The oncogenes myc, int-1/Wnt-1, l la-ras, hst and neu (erl_-
B2) have been introduced and gave different abnormal growth pattenls
of the epithelium, myc caused mild hyperplasia, in which ducts were
m_wech_scly packed than usual [Edwards ct al. (1988) Oncogene 2,
•-1(17I. inr-l/Wnt- 1 caused vigorous hyperplasia, the epithelium showing
sidebralwhing rather like early pregnancy [Edwards ct al, Oncogene in
prcssJ, ntu (orb-B2) Im_duced small to medium foci of closely-
lmckcd, hypcrplastic epithelium, list caused local development of
alve_li _m m,ljc_rducts.

When hyperplasias obtained by expressing myc were isolated
and l l,l-r'as introduced to model sequential activation of oncogenes,
tumours were obtained IBradbury el al. (1991) Inr J C'ancer 48,908-
9151.
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GR()WTII STIMtJI_AT1ON ANl) GROW'I'll IN1 tlI_ITION INI)I.)CI::D
BY AN ErbB-2 STIMLII+ATORY I:ACT()R SI_(_RI'_'I'F.I) BY RAT
MAMMARY CARCINOMA C[:.IA+S.
S. P. Ethier, M. I.. Mahacek and (?. D. Dilts. l)ept, of Radiation
Ontology, I.!nivcrsity of Michigan Medical School, Aun Arbor, M1
4S l()t_.

Rat lll;.tnllll;.try carcinoma (RMC) cells isolated flom carcinogen-
induced' manunary tumors secrete a factor into conditioned i'nediun_ that
stimulates tyrosine phosphorylation of the erbB-2 protein. The factor can
be partially purified from conditioned medium by ultrafiltration through a
3() kDa cutoff membrane and heparin-agarose chromatography of tile 30
kDa retcntatc. Gel filtration chromatography of the activity obtained from
the heparin-agarosc column yields a factor with an apparent mc_lccular
weight of 105 kl)a. The crbB+2 factor secreted by RMC cells has
different effects on the proliferative potential of different roanrotory cell
types. First, the RMC cells that secrete the factor proliferate continuously
in serum-free medium in the absence of peptide growth factors and, under
these conditions, express high levels of tyrosine-phosphorylated erbB-2.
Second, this factor stimulates tyrosine phosphorylation of erbB-2 in
normal human mammary epithelial cells (MCF-I()A cells) which arc
growth stimulated by this fnctor \vhet_ cuhurcd in serunl-free nledium in
ttle absence of [-GF. By contrast, a human breast cancer cell line recently
developed in our labor;.ttory (SI_]M-ddPI-) is potently growth inhibited by
the erbB+2 factor. SI.IM-44PI:, tells are cultured in serum-free mediunl

supplemented with insulin and hydrocortisone and under these conditions
express moderate levels of erbB-2 protein and undetectable levels of
tvrosine-phosphorylated erbB-2. Addition of the erbB-2 factor to the
t{ledium of S I_iM-44PF. cells induces rapid tyrosine phosphorylation of
crbB-2 and completely inhibits growth of these cells at ali cotlcentratiolls
tested.

B{)th the RN'I(." cells that secrete the crbB-2 factor and the MCI:-

I()A cells that are growth stimulated b\, the faclt)r expicss [-GI: receptors
in the ran_c of 1()(),()()() receptors pet cell and expression of erbB-2
tm,tei,_ in both cell lines is down regulated by I-GI:. By contrast, SUM-
4-lPt: cells do m+t cxm'css detectable high affinity i:.('}1: binding sites.
"l'hu_, !:(,_[" receptors nnd erbB-2 receptors :ipp.car to interact ;,ttld the
nature {+I the biological resln, msc of cells to the ¢rbB-2 lacttw may be
dctennirled b\' the presence or ;.tbsenc¢ of EGI +receptors.
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EXPRESSION [N HUMAN BRt:]AST TISSUE OF DNA SlCt,_UENCE,q
HOMOI,OGOUS 'rC) 'tHE MOUSE MAMMARY 'I'UMOR V1RLIS

Polly Etkind aYld l,uping Qiu, Monte[iore Medical Center/

A[bere _,:iustein Coll.ege of Medicine, New York, New York.

Mouse Mammary 'l_mor Virus (MM'FV) is the etio!ogical agent

of breast cancer in high incidence inbred mouse strains.

Although no human breast cancer virus has been detected,

the presence of DNA sequences homologous to the MM'FV genome

in human DNA has lead to the question of whether the ex-

pression of these blHTV-like sequences could play a role in

the development of human breast cancer. We have recently

detected for the first time the expression of these human

btM'l'V-like sequences in hormonal ly st imuIated primary human

breast tissue. Using as a probe a cloned human DNA sequence

homologous to the pol region of _rrv we have screened a

eDNA library made from poly A RNA isolated from non-
involved normal breast tissue of a woman with a breast

tumor who underwent a mastectomy in her eighth month of

pregnancy. From this el)NA librory, we have isol.ated four

recombinants which hybridize under stringent conditions to

our truman blMTV-tike pol gene probe. DNA sequencing shows

these cDNAs to be greater than 87% homoltogous to various

regions of the entire po[ gene of a 9.2 kilobase human

endogenous MMTV-relat=d retrovirus genome designated

HERV-K[O ([986,J.Viro[.60:589-598) which contains open

reading frames (ORFs) corresponding tc, gag, protease (prr),

reverse transcriptase (pol), and envelope (ehv) genes.
Each individual clone contains an ()RF which when combined

overlap and cover the HERV-KIO putative pol gene. However,

we have not as yet been successful in isolating a single

cl)NA capable oi expressing the entire pol gene. In
addition, three qf _mr four recombinants contain cellular

sequences which are non-homologous to the putative pol gene

and which may preclude their being transcribed into one

complete pol gene transcript.
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THE RELATIONSHIP BETWEEN HUMAN BREAST CANCER AND THE
INDUCTION OF MAMMARY TUMORS BY MURINE POLYOMAVIRUS.

Michele M. Fluck I, Julie J. Wirth I, Andrea

Amalfitano I, Larry Martin _, Laura Counterman 2 and
Sandra Z. Haslam z. Departments of Microbiology _ and
Physiology 2, Michigan State University, East Lansing,
Mi. 48824-1101

We have been studying the patterns of replication
and oncogenesis in mice (Balb/c) infected by

polyomavirus (PyV). We have found two major groups of
organs that differ with respect to their ability to
replicate PyV as a function of age. In infection of
adult mice (athymic mlce were used to bypass the
effect of the immune response), viral replication is

high in the mammary gland, the skin and the bone
(group I organs), but very low in the kidney, the
liver and the lung (group II). This contrasts with

the pattern in neonatal mice, in which replication is
very high in all six organs. We have also shown that
the B enhancer domain is crucial for replication in
neonatal tissues (in particular in group II organs),

but is dispensable for replication in adult group I
organs. By deduction, this suggests that the A
enhancer domain controls replication in adult group II

organs.
The A enhancer domain contains binding sites for

transcription factors PEAl and PEA3, the mouse
homologs of API and c-ets. We have demonstrated that
midale T antigen, the PyV oncogene, has an essential

role in viral DNA replication, mediated by the A
enhancer domain, which can be bypassed by serum
factors or TPA, i.e. other activators of protein

kir,ase C. Altogether, the results suggest that the
middle T pathway, which activates PKC and culminates
In the activation of API and c-ets, is organ
restricted and cannot function in group II adult

organs.
We and others have shown that the major targets of

oncogenesis by PyV following infection of neonatal or

athymic adult mice consist of group I organs. Our
hypothesis is that the activation of API and c-ets
provides a major pathway of oncogenesis in group I but
not in group II organs. These results may be

generalized to oncogenesis by other inducers.
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FUETHEE MAPPING OF Tile BREAST/OVARY CANCER SUSCEPTIBILITY

GENE ON !7q2i. IMPI,ICATIONS FOR DNA SCREF.NING IN
FAMILIES.

" _ ch3 3J. Feu_teun _ S A_ Na_od" H T Ly_ _ Watson. T
Con:'a) _, J. Lynch-', J. Parboosingh'-, G.M. Lenoir .
LLaboratoire d'Oncologie MoSeculaire, Institut Gustave
Roussy, Vitlejuif, France; ":Centre for Human Genetics and

Departmen,.s of Medicine and Oncology, McGill University,
Mont.'-eal, Canada: :Department of Preventive Medicine,

Creig_ton University, School of Medicine, Omaha. Nebraska,
USA; International Agency for Research on Cancer & Claude
Bernard University, Lyon, France.

Nineteen North American causasian families which contain a
minimum of four confirmed cases of breast or ovarian
cancer h.ve been studied. Four- polymorphisms (cLB17.1,
D]7S570, D17S598 and D17S74), which span a region of
approximately 15 cM on chromosome 17q21, were typed. Our
eata confirm the location of a dominant gene conferring
susceptibility to breast and ovarian cancer (maximum ]od =
9.78). Two recombinants in one large family suggest that
the breast-ovarian cancer locus lies between D17S588 and

D17S579. The cross-over that places the cancer gene above
D17S588 is strongly supported by its identification in
several _rfected individuals, in contrast, the
recombir.aticn that places the cancer gene below D17S579 is
ev.dent only in a woman who developed breast cancer at an
a_e significantly higher than the mean _ge of breast
cancer onset __;, her family and therefor_ might represent a
sporadic case. The po;sibility that chlomosome 17 marker
data may be used to evaluate individual risks for women
from high-risk families will c_.rtairly now be raised.

Because of the linkage heterogeneity, a generalized
marker-based counselling remains problematic. _t present;

nevertheless, for a few very large families where linkage
is not i_,do,,bt we feel that marker information may now be
introduced with caution into the interpretation of
individual risk.
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GilN{[TiC AND PHYS!CAl. HAPF'IN(-_ Of TH! i,I,'CA] t_f_GION ON 1/0
(. _,_-,l_-,mc,,_. !i).t.! {",iacl, K .1.,,nes, H. Ni<:r_l,_i arid M.I5.

{.;r_;_iard im

de *',ave made a detailed shmat]c r:e]] hyt_rid map nf
tltJ!llai] c h rcJ_ll!,sr'_me ] _"(]i _.. _i>-,,_,} , (:c]rl t.a irl i nq ',.h_:' f ailll 1 1 a t
breast arid r,varldn (ail(:er 1.rJmlJ_, !'{g[7([A1) at. l/q];_ _ arid

hiq!!ly ir_t-nrmative closely lirl_.ed (:A rel)_'at, mark{_r,-,. W{__

tJrt-" (_sirtg these markers to build up a g_,rletl(: Illdlb _bf t:tll':,
req]nn and tc_ examine LOH in 200 premenr_patisa] t,rea<_l_
t. tjlllr!r'%. /_11 X-i,'rad]at. ic:n pariel rjf ]g ltam'_terihiJmart a_d
ill{,tJ',u,tluma_ hyhrid'_ wit.h frae]ment<_ r,f ]:]q wcI% us_.,d tr,

l,,_al]st _ _'_ get,es _rl linea, r)re:lpc in t.h!,, reqlr-Jfl. Mc,re
detaile'd r'_.._pplng r_i c,ver SlXt.y' prt}b(t% r_i11:c, t:hrr_rrlngeblllt _
} ?':i v,'a% d{r,e rising a panel ,>f hybr'ldg wIt.ll well de:f lrlt_d
t;,-ealpnir_t.,, /_:d ten (MGTg. Our locali<;ati(_n nf RARA,
!OP? and ],.'!!<,ii {,e+;.,een [71/.%1P',1 and ]HRA, the t.wo clr)<>est

Ln_wrl fla_t_ _nq i;i,_:,_ers fc, r V,RCTAI, <,uctgest._; that arlT' _;f
these _' a l;)rJterl' _.! r:aiidldat.e fr;r" l:he [_I_(7#_. lc_cu%. We
are I._,] idiNg _t:> _ i'iGt map and a lA(" cGrlt:lg r.r)derirlr] the

i'_RC,_] _egi_m, in the h_)pe r)f dett. ctincj Pi GL al t.e,-ati(_tl'_
l': _,ittlt,, brea,,t !LIIITlC)r'%rip" ]li ]_d,v]d_,al <, fr'rjrll ]i_l!.Pd
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Regulation of Estrogen R_.'ceptor Function in Breast Canct.'r by
Naturally ()ccuiTing Variants Su_,.anne A.W. Fuqua, The University _f
Texas ttealth Science Center, San Antonio, TX. 78284

The loss of hormone dependence of certain breast tumors may be due to
the prcscncc of mutated or truncated estrogen receptors (ERs) that
activate transcription even in the ab._nce of hormone, or alternatively,
inactivate wild-type receptor function. We have identified a 4(),{1()(l
dalton variant ER that was truncated within the hormone binding
domain from supposed ER-negative human breast tumor sp,:cimcns.
This variant (termed an exon 5 deletion variant ER) was unable to bind
hormone, however it was capable of stimulating the cxprcssion of
estrogen-rcsptmsive Genes in vitro in a homlone-independcnt manner at
appr¢>ximately I{)-15<_ of the stimulatory activity oi wild-type ER,
hence v,e have termed this variant a dominant-positive receptor.
T_ansfcctiop. of this dominant-positive receptor into MCF-7 breast
cancer cells rendered these cells unresptmsive to cndL,crine therapies
such as tamoxifen and high dose progestins, ttowcvcr, these cells
remained sensitive to ICI 164,384. These results suggest!hat !ureters
ct_ntaining elcvat_:d levels ¢_f the exon 5 delcti_m variant may he
resistant to the effects of tamt_xifen, but sensitive to pure steroidal
antiestrogens. We have also identified amp!her truncated ER variant
_dclcted _1"cxtm 71 which was prcscnl at elevated levels in tT.R-p¢_silive,
pr_gcstcr_mc rcccpt_r (PgR)-ncgativc breast tumc¢ specimens. This
52.(I{1() dalt¢_n cx,.,n 7 dclcti_n variant was unable tc_ l'unctit_n as a

transcriptic,n inducer _lcstrogcn-responsive genes in vitro. But when it
',,,'us c_lntr_duccd into cells with wild-type ER, then the activity of
,alld-typc rccept_r was reduced by apprc_ximately half. "I'hcse
dt_minant-negative eflL'cts uDm wild-type reccpt,_r functi_m could have
wide ranL.:ing cflccts upl_n cells. Growth arrest was ob.,,crvcd when
NICt::-7 cells were transfcctcd with the exam 7 variant.

C_)nclusi_n: B_>th d_minant-D)sitive and dominant-negative ER
'_._Jrlallt.xnlav regulate n_)m_al ER functi()n in human breast cancer cells.
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BIOLOGYOF EPIDERMALGROW'I-hFAC"IOR(EGF)-RELATEDPEPTIDESINBREAST

CANCERDavidS.SaiomonI, NicolaNormanno1, l-oshiakiSaeh1, NicholasKenney1, NancyKim1,
FortunateC_ardJello1,GibbesJohn_n2, W_lliarnJ. Gulhck3, GregoryPlowman4,Mohammed

Shoyab4 andGeorgefodaro5 1NationalCancerInstituteand 2FoodandDrugAdministration,
Bethesda,MD.31mperiatCancerResearchFund,London,England,4BristolMyersSquibb
PharmaceuticalResearchInstituteand 5FredHutchinsonCancerResearchCenter,Seattle,WA.

Transforminggrowth factor c.t(TGFu.),amphiregulin(AR) and cripto (CR) are membersel
theEGFlamilyoi proteins.TGFc_.andARbindto andactivatelhe EGFreceptor.TGFu.,ARand
CR mRNAtranscriptsand,or proleinsare lound _napproximately50 Io 70%of primaryhuman
breasttumorsandin a nurnberoi humanbreastcancercell lines.Inbreastcancercelllineslhat

areestrogen-responsive,physiologicalconcentrationsel 171'_-estradiol(E2)can inducean
increasein TGFu.mRNAexpressionand proLeinproductionsuggestingthat thegrowth-
promotingetfectsof E2 maybe medialedin part throughthe intermediaryactionof this growth
factorvia anautocnnemechanism.ThKsmaybe thecasesinceirflect_onofestrogen.responsive
MCF-7or ZR-75-1cellsw_tha amphol"opacrecombinantretrowruscontaininga fragmentof the
humanTGF_,,.eDNAonenledin the3' to 5'onentatJontogenerateananttsensemRNAcan
significantly_nhibitthe inductionof TGFczmRNAandprote_nin responseto E2 andcanpartially
blockboth E2stimulatedanchorage-dependentandanchorage-independentgrowth.The
express_onoi TGFczandAR _salsomodulatedby specificoncogenesthathavebeenidentdiedas
potentialgrowtheffectorsin tr_epathogenesisoi primaryhumanbreasltumors.Forexample,
_mmortaiized,nontranslormedMCF-10Ahumanmammaryepithelialcellsare transformedbyan
actwatedc.Ha-rasprotooncogeneor by overexpress_onof the c.erb B-2prolooncogene.MCF-
10Acellsexpressapproximately3 x 105EGFreceptors_tes/celland requireeitherexogenous
EGFor AR forgrowth. Transformationof thesecellsby c.Ha-rasresultsin a 4-8-fold_ncrease
_ntheexpressionTGFu mRNAanda 3040-fold_ncrease_nARmRNAexpressionwhichis
accompaniedbya concomitantloss_ntpemttogen_cresponsivenessof thesecellstoexogenous
EGFor AR Softagargrowthof the ras transformedcells is partially blockedby treatmentof
thesecellsw_the,,thera IGFcz neutra!izingmonoclonalantibody(50% growthinhibition)orwith
an EGFreceptorblockingmor_oclonalantibody(85%growthinhibition)demonstratingthai
TGFu and poss_biyAR areableIo functionas potentialaulocrineintermediariesinthe trans-
formationpathwaywhichis ut_hzedby anactwaledrasgene. Incontrasl,erb B-2transformed
MCF-10Acellsexhibitan_ncreaseJnARexpress_onbutnot_nTGFczexpressiondemonstrating
thesetwo EGF-relaledpeptidesmaybeddferentiallyregulatedby variousoncogenes.Although
er_dogenousARprote_nwas_mm4nocytochemrcallydetectedinthecytoplasmof MCF-10Acells,
rasorerb B-2lransformedMCF-'0Acellsexhibita higherlevelof ummunoreactw_tyboth inthe
c_oplasmand_ntt_enucleus Insomecasesnucleolarstainingwasalsobeob_rved AR
pnosphorot,h_oate20-merant;senseohgodeoxynucleotidesare able lo inhibitby 70.80%the
growthof ra.¢anderb B-2transforrnedt,ACF-10AcellssuggesbngthaiARmayalso functionas
at, autof.:r,r,egro,,,,tnfactor for bothras andefd B-2transformedcells fGl:_zappears lo
fur,¢t_onasa _om,r;ant;/actingoncoger_e_r_mammaryep_thehalcells thatexpressa sufflcienl
con',plemer_tof fL,r)ct,or_alEGFreceptorsOverexpress_onof ]GF_z_nMCF-10Acells following
_rfiect,onw_thanampnolrop_cretrowralexpress_onvectorconta_n,ngthehumanTGFu.cDNAis
ableto transformtr_esece!_s_r_wire However,neither;GF_z. rasnor erb B-2is ablelo ehcita
fuliyma!_gnantphenotype_r)vwo Overexpress_onof theg_genese_theraloneor_ncombination
was_nsL,ff_c_er_tlo affectt_jmorformation_n-_,_rrad_at_zdor NK deficientnude m_ce_noculated
w_thMCF-10Ace_Issuggest,nSthattheexpress_onof an additionaloncogene(s)or the lossof
e):press_onof a tumorsuppressorgene_sprobab!yrequiredto completethemalignantprocess
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EGF[I'(;F¢_ ANl)T(;I-[_ C()NTROI. OF NORMAl. ANl)
IMMORTALIZED III.IMAN b.IA:",I:MAI,_Yt']'ITIII'21.1AI. ()El.l.
GR.OWTI! IN C'UI.TUI_E,
Martha Stampfer, Junko I lose, d), C.-I t. F'an and Paul Yas,,ven, Life
Sciences Division, Lawrence Berkeley l.aboratory, Berkeley, Calif.

The effects of I-GFFI'GI:_, and TGF'[I on growth control and specialized
functions have been examined and compared in finite lifespan vs.
immotaally transfomled hun)an nlammary epithelial cells (I IMEC). Our
I IMEC culture system permits active long term growth (45-80 pd) of
finite lifespan cells derived from individt, al reduction marnmoplasty
tissues. Two establishedccll lines, 184135 and 184A1, wcrederivcd
from normal I IMtEC specimen 184 following iri vitro exposure to
benzo(a)pyrene. Normal I IMIsC have a stringent requirenaent for EGF
for clonal growth, but grow in mass culture in the absence of
exogenously added F.'GF due to tile endogenous produclion of "I'GF_,.
184B5 and 184A1, although synthesizing q'GFc_ mP, NA, do not
secrete sufficient TGFc_ protein to support growth irl the absence of
added EGF. A rapid, efficient, and reversible Go-like growth arrest
can be achieved in both cell types by effective block)ge of the ['GF
signal. In normal 11MEC this requires addition of a blocking antibody
to the EGF receptor while removal of EGI: is sufficient in ttm cell lines.
Re-exposure to EGF leads to a synchronous entry into the cell cycle
with high levels of s.vtlthesis of mRNA for the early response genes c-
myc, c-fos, c-jun, and MGSA observed within lhr. l'he cell lines
differ from normal I tMI='C in that c-rnyc and c-fos mRNA levels are not
reduced during the Go arrest. 'TGF[_,causes a late G1 growth arrest in
normal I tMEC. Protein synthesis, particularly components associated
with the extracellular matrix (e.g., fibr(mectin, laminin, collagen IV,
PAl-la, is stimulaued. Although 184115 and some variarlts of 184/",1
can maintain active growth in the presence of "I'GI:[_,they remain "I'Gt:I_
responsive. They show similar induction ofsecretect protein synthesis
and have a similar profile of "I'GF[:_I receptors. Thus, the effects of
TGF_ on cell growth can be dissociated from its effects on specialized
responses, suggesting at least two independent pathwavs for TGF[_,
activity, one which leads to cessati_m of proliferation ;u{d one which
induces zt specific set of differentiated cellular responses. We arc
currently cOmpzmng specific mRNA expression and phosl)h(_rylation
patterns of cell cycle related proteins in synchronized populations of
these growth inhibited vs. rlon-growth inhibited ltMIK?. These studies
may hel l) define the rnechanisms of TGI7[_ induced growth inhibition in
thisccll system. Since tumorigenic progression is characterized by
derangements in signal ti';msdtlction, growth control and differentiation
processes, analysis of the effects of I_-GI:/TGI:ctanct q'Gl:[_ in cultured
normal and transf_)r|p, ed lIME('? may provide infc)rmatit)n relevant t()
the c:_rcinogenic processes (x.'curring irl the breast in vivo.
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CELLULAR AND MOLECULAR HETEROGENEITY OF ESTRO-
GEN AND PROGESTERONE RECEPTORS AND ttORMONE
RESISTANT BREAST CANCER
Kathryn B. Horwitz, Ph.D., University of Colorado School of
Medicine, Denver, CO.

The tumors of patients undergoing hormone treatment for
metastatic breast cancer invariably become resistant. Hormone
antagonists, which are expected to suppress tumor growth, often
have paradoxical agonist-like effects. The antiproliferative effects of
tamoxifen are mediated by estrogen receptors (ER). We will discuss
two mechanisms by which resistance to this drug may develop. First,
the increasing evidence from breast tumor cell lines and solid human
tumors for the existence of mutant forms of ER that modify cellular
responses to estrogens. Second, the cellular heterogeneity of breast
cancers in which subpopulations of cells may emerge during
hormone treatment that are growth-stimulated rather than growth-
inhibited. There is also growing interest in the use of progesterone
antagonists to treat breast cancer. These drugs, which act through
progesterone receptors (PR), appear to target different antipro-
liferative pathways than do the antiestrogens. We will discuss two
mechanisms by which progesterone antagonists may have agonist-like
effezts, focusing on the heterogeneity of the PR A- and B-isoforms in
regulating antagonist-mediated transcription, and on the role of
cAMP in modulating antagonist to agonist reversals of transcription.
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NOVEL MODULATORS OF SYNTHESIS AND DEGRADATION OF

EXTRACELLULAR MATRIX IN BREASI CANCER

R.B. Dickson, Y.E. Shi, M. Bano, J. Kurebayashi, M.D.
Johnson, J. Torri, M. Sabol, B. Ziff, M.E. Lippma,l and
F.G. Kern. Lombardi Cancer Research Center, Georgetown
University, Washington, D.C..

Invasive breast cancer is characterized by
degradation of basement membrane and extracellular
matrix and by the frequent appearance of a stromal
fibrotic reaction. We have identified two novel

activities which may be involved in these processes.
The first is a major matrix-degrading protease secreted
by all hormone dependent breast cancer cell lines
examined to date. Tile enzyme is al so found in hormone
dependent breast cancer cell lines grown as tumors in
the nude mouse. This 80 kDa glycoprotein activity has
an alkaline pH optimum, a dependence upon Mg", Ca", or
Mn" for activity, and a broad s_Abstrate specificity
including gelatin, Type IV collagen, laminin, and
fibronectin (but not casein), lt is inhibited by EDTA
and leupeptin but not by T|MP-2 and it has been purified
2000-fold from breast cancer cell conditioned medium.

The second novel activity (termed MDGF-]) is an acidic,
62 kDa growth factor which selectively stimulates
synthesis of collagen by fibroblasts, lt appears to be
the major growth factor with this characteristic in
human milk and in extracts of primary human breast
cancer. This factor, in addition to effects on stroma!
collagen metabolis,m, is capable of stimulating the
proliferation of receptor containing breast cancer cell
lines in vitro. Amino terminal sequencirlg of MDGF-I has
revealed no homol_,_y with other growth factors and it
binds to a ]30 kDa binding site on responsive (:ells in
culture. Binding triggers rapid tyrosine
phosphorylation on a 185-200 kDa cellular substrate.
Full characterization of the structure and function of

the protease and growth factor are underway.
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AN APPROACH TO TtIE STUDY OF DIFFERENTIAL GENE
EXPRESSION DURING MAMMARY TUMORIGENESIS IN
TRANSGENIC MICE

Lucy A. Godley, Itelen Kwan, and ttarold E. Varmus,
Department of Microbiology and Immunology, University of"
California, San Francisco.

Our laboratory has been studying mammary
tumorigenesis in Wnt-1 transgenic mice !Tsukamoto, A. et al.
(.'ell 55,619-625 (19881; Kwan, II. _'t al. Mol. Cell Biol. 12, 147-154
(1992_ i. The transgene in these animals mimics a mouse
mammary tumor virur IMMTVI integration at the Wnt-1
locus, with the MMTV LTR enhancer directing Wnt-1
expression to the mammary and salivary glands and male
reproductive tract. Tumorigenesis in this model is assumed
to be a stochastic process with predisposition to mammary
tumors caused by overexpression of the Cys-rich secreted
growth factor Wnt-1. Ali animals exhibit preneoplastic
mammary gland hyperplasia with progression to mammary
adenocarcinoma in 50c_ of virgin females by six months of age
and in 15% of males by one year of age. Metastases to the lung
are also occasionally observed.

We are using several strategies to identify secondary
events that mediate carcinogenesis in this model: genetic
crosses with other transgenic animals, viral superinfection of
Wnt-I transgenics, analysis of DNA amplifications in tumors
and metastases, and determination of differential gene
expression via subtractive hybridization. To analyze
differential gene expression, eDNA libraries have been
constructed from several tissues of Wnt-1 transgenic females:
hyperplastic mammary gland, primary adenocarcinoma, and
pulmonary metastatic tumor. The libraries were constructed

in avector kEXI_X(Palazzolo, M.J. etal. Gene 88, 25-36(1990)
which allows simple conversion into a plasmid library via

site-specific recombination at two lox sites in ZEXLX. T7and
SP6 transcription allow generation of RNA in either
ori¢:ntation and an fl origin allows generation ofcDNA.

Subtractive probes will be used to retrieve eDNA's from
the appropriate libraries. These eDNA's will then be analyzed
as candidates for genes whose over- or under- expression
correlates with the development of tumors or metastases.
Combining this approach with our other studies, we hope to
elucidate what events collaborate with Wnt-1 overexpression
to promote taurine mammary tumorigenesis.
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CELL CYCLE DEPENDENT EXPRESSION OF P53 mRNA
AND PROTEIN IN NORMAL HUMAN MAMMARY
EPITHELIAL CELLS

J.M. Gudas 1, L. Gilbert and K.H. Cowan, 1National Cancer
Inst., Medicine Branch, Bethesda, MD 20892

One of the most common abnormalities detected in

breast and other epithelial cancers is mutation of the
the p53 tumor suppressor gene. To better understand
why this gene becomes mutated in such a high
proportion of breast tumors, we have undertaken
studies to determine the temporal expression and
function of wild type p53 protein in normal human
mammary epithelial cells (HMEC) derived from
reduction mammoplasties. Normal HMEC were
synchronized by two different methods and the
expression of p53 mRNA and protein was examined in
the arrested and restimulated cells. Our results
indicate that the p53 protein is expressed at high
levels in cells arrested by treatment with Iovastatin
or by growth factor deprivation. The amount of p53
protein decreased dramatically as the cells were
restimulated to proliferate and traversed the early
and mid G1 phases, p53 protein accumulated again to
high levels concomitant with the entry of cells into S
phase. In these normal HMEC p53 protein could only be
detected in the nucleus. Because p53 mRNA showed
very minimal changes during the cell cycle, the large
differences in p53 protein levels are likely due to
posttranscriptional controls.
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Iii i¢lliliv¢s i_l llill¢rc'iil rellililili.shil)S, Ili¢ ¢x1¢1il Iii wliic;h

iilcl'¢ils¢_l risk lllighl he c'xplliiilod I_)' Iillilili',il _lg_l¢glili_lil iii ri._k

l:ic:l(_is, i)r I'tv iil¢iiSUl¢tl _¢ll¢lit_ iI1_.11_¢I'_,,_ilill iii Ili¢ lllli_¢r lcrlll,

lhc ¢xlc'lll Iii _'hic'h l;ililil)' lii_l_lr)' ililhlelit'¢_, pi(iglill_is.

Sllilislic_ll i_¢tliglt,¢ illl_il),sc's will _ll._tl Ix' c;iiilic'(I /_til Iii tl¢lt'llliili¢

if I_illiili_tl _igglc,Tiilillll is ti(lliSi<_It.'lll wilh ii I_Jtil_iliv¢ iitil(i._tlliiiil

(lllliliiiiilil 7c'n¢1i¢ ll/c:ti.s willl c'ilhc, r I)_illi_il _i c'llnipl¢l¢

pt'liOlr_illt;¢, llikiilg illll) Cllli.,4i(l¢l';ilillll ni¢iisur¢tl cpillelili_ll_)gic:ill
ri._k Iiil.'llll'.<_. i\ clllt_,41i_iillitilt' ii_<ltlrt's.'_ill_ Illliillr risk l_il.'llll'_ is

_i(liiiiili._l¢rc,/I I]icc-lll-I]it:c' iii I'l), Iclcplillll¢ ll_ Ili¢ t)illl)_illll iililJ Iii

her l¢lll:il¢ _ilitl ill,ilo' ic'lliliv¢_. Ali Iii-si tlt'grt'c' rcl;ilivc's _ili(I

gl_illtll_iil¢lll,, (iii l_lll lhc i)illOililil _ilitl Ililil¢ll/_il sidle, l_lr I)_llli Ili¢

l)_l)_illll ',illll, '<is ii c;_lilli-_ll, I(ir ll¢r ._l)lltli4t' i_l I)_illll¢r (ii

_iPl_lic:ill_l¢t _i1¢ iii lhc slutl)'. _\ SCclU¢lili:ll S_illll)lill._ <,c'llcilit" is

tlscil Iii slutl)' lirsl tlo!.,rc'¢ rt'lilli','¢s lit itliV i_lt'vitlu_l.Y sltitlic'll

rcl;iliv¢ \_illi hr¢ii_,l c;iilCc'l. I'r(ix), illltllllllilillll is t'llll¢clt'tl I(ll

ilcc'¢iis¢/l '_til).it'c'l_. I_,c'l)lll-I¢_l c'_ilit:c_r c'_i_,c'_,iii r¢lliliv¢s will I)¢

\'¢rilie/I. 17_ill)' ¢Xl_¢ricllc'¢ iii lhc _;lllll)' i.',; I¢l)llllc'll. I>rlll.'¢llult'_,

ti_ivt" !x'c'il tlc'_'c'l_l)c'/I Iii lll)lliili lhc c_lllll_¢i_ilillli iii li¢iiliil!.,

Stll_¢llll_i, illi_.l Iii I)lllllut'c ' ii I)l_ll)iill_l IC'_l)l_li_,t' I_i1¢ iii liver _()_.;_

iillll 711tilt c'_ltil'_¢liilillll lllllil lt'l_ili\'¢<,. I/]_l_tl kiiliil_lc'x _ir¢ iii tic'

c't)ll¢c'Ic'll lilr Ic'_,liil!., hb'l)lllh¢'_t'_ I¢l;ilillt.,. iii _l_c'c'ilic • Ili_irkt, rs _illll

c'iili¢li(l_ilc' I):_i\ l_i()l)t',_ lllr t_ic'ii_,l c'_iliC't'l iii Ilii <, I)_l_lil_llillii-I)_l<_¢ll

_iliil)lt' _>1I;iiiiili¢_.
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GENETIC ALTERATIONS OF THE TUMOR SUPPRESSOR
GENE REGION 3p IN HUMAN BREAST CARCINOMA AND
RENAL CELL CARCINOMA

S. Ingvarsson 1, J.T. Bergthorsson 1, R. Erlandsson 2 and
V. Egilssonl, 1Dept. of Pathology, Univ. of Iceland;

2Dept. of Tumor Biology, Karolinska Inst., Stockholm.

The short arm of chromosome 3 is frequently
affected by cytogenetic changes associated with
human malignancies. We have found loss of
heterozygosity (LOH) in sporadic renal cell carcinoma
(RCC) and breast carcinoma, in 84% and 29% of cases,
respectively, lt remains unknown whether the
disorders reside in lesions of the same gene. Thus,
the data strongly support the presence of at least one
powerful tumor suppressor gene in the 3p region. The
3p loss in breast carcinoma seems to correlate with
higher degree of malignancy.

Since these tumor types are seen both in mouse and
rat it appeared important to localize the mouse and
rat homologues on the chromosome map. Our findings
showed that both are localized in regions previously
shown to be syntenic with human chromosome 3,
chromosome 9 in mouse and chromosome 8 in rat.

We are doing linkage studies on families in Iceland
showing high rate of breast cancer. Some of the
family members develop also other tumor types,
known to carry a 3p abnormality, suggesting 3p as
possible site for breast cancer susceptibility locus.
Blood samples from 105 persons (affected and
relatives) from 8 breast cancer families have been
collected for an initial screening concerning 5 loci on
chromosome 3p. Linkage to 3p has been excluded in 4
breast cancer families and multipoint analysis is
under way for the remaining families.



I_,E(iUI.ATI()N ()F WII,I)-TYI'E ANl) MUTANT pS.,' IN MI.!!_INt,_
MAMMARY NE()PI,ASIAS: bd LII,TII'I.E I'ATltWAYS F()R

( )V FIt_,EX l'Rl-i :,;Si ( )N.

1)..I..lerry _, F.£. Kiltrell 2, i). Medina 2, and .I.,q. IJ;utcl I I)ivision t_l Mt_lecular

Virt_logy ;lilt[ 'l)¢p_lnlenl of ('ell ialit!logy, Itavhtr (.'t,lleoe t_l Medicine,
[|tlUSlOil, TX.

TreallllenI t)t hreasl canc¢r relies tm early dele.clltm til prinl_lry Icsituls

The earli¢sl rccugni/uhlc internlcdiat¢ ill the deveh_pmenl til hre;tsl cancer arc

re_itm,_ til ft_c;.iI hyperplasia. Iiowcver, lhc _¢n¢lic chanD.'s ;.iss_lci;.lled wilh

Iruilsilitm t_l mammary epilhelial cells Io hylx, rplasiu remain undel_netl. "I'll

sludy early eenelic chan_jcs, mammary epilheliul cell lines Ihal liinn

hypcrplaslic tmtgrtlwths _hcn lrunsplanled lo cleared mammary fat pads have

been established lrtltll BAl.lilt lnic¢. Tumors form from the hyl'_erplaslic

t_tilgrtlw'llls al ;i freqtlclicy lh_il is prediclablc I_r each tllil_riiwIh lille, but

diflers ktlliOn_ lhc lilies. ]lecl.ius¢ allcralion iii 1J5.7 expressittl_ ix lhc ilitlsl

ctlllllil_!ill)' idenlified tic'fcel in breast cancer, lhe slalus til/_.53 was delerlliinetl

in lilt' ct'li lilieS, lhc iii vivo tltilgrtiwllls i.illtl Itiliitlrs tk'rived frtllil lhc

t)ulgrtlwllis.

The relaliv¢ exprc'ssitm til ]L'7.I prt_l¢in was tlelerniined hy

iiliniuntlhishlchelnical slaining _intl iniinuntlprecipilalion wilh ilitllltu.'h)nal

unliht!dies Iii;ii discrinlilmle helwecn wild-lype _llltl lliUlanl t'oillorlilLilitlllS. "Iii(.,

lluclet_lidc' scqticnce of lilt >p.'r,.t lliRNA ct_dilig regit_ll ,<vus dir¢clly sequencc'tl

alh!\ving lhc alliiiltl acid sctiuenc¢ til lilt,' li.5 Is Irl ht' deduced, liolh alleles t_l

p5.t were InUlalctl in TM4 cells und luintlrs (AI2t-129/'l'rp _) ctnd

tlvercxpicssitln til 1_.5._>prttlein wus tlhservetl by inuliuntlhislocileniic;il slaining.

Allht_ugh h_ilh allcle_ were liiulal¢d and ali cells tlvercxprcsscd/_53 in viiit>,

less lll;.in 5()'./' t_l lhc cells iii lilt' Ilyperplaslic tlulgrowltls slainetl ptlsiliv¢l 7 ltir

/L4._?. Thcs¢ tlala tiellit_ilslrtil¢ ihal lhc milieu til lhc in vivtl (ltil_rowih st:ryes

It_ rc'_ul;.il¢ tlvcrc'xpressitm t_l lliUlanl p.53 in a large prtlpt_rlion til Ihe cells.

I)uriilg pnlgrt,'ssitm I_l lUilitlrs, lilis Ic_gulalitm ix hlsl _lntl till cells _lverexpress

/_53. FMcJ cells pn_\,ide ;i c_miiasiing exumpl¢. Ilolh "I'M_J cells anti Itiliitlrs

expressed t_niy wihl-lype p33 Irunscripls. l-h_w¢ver, Ihese cells ;.inel lUliitllS ;lls(i

tlveiexprcssetl /J.'73 pre,lc'in. These dala sue_gt.'sl Ill;ii Iher¢ arc, niullipl¢

palhways lhul re_ull iii t_verexpressitm t_I/,53 iii lllaiillll;.iry epilhclial cells. We

hclievc Ill;ii lhc'xe inclutle llltll;ilitlll til the tri(line sc'tlUellCe til/>LS.? as well as

;lllt.'ralit,ii til _gencs Ihai reeulul¢ ;icculiiul;ilit_il til /J.57 ]-lttcitlalitln til Ihcs¢

l¢_ulal_r) palhw_.iys niciv sti77esl p_)lcnliul l_rlllS _1 l]lcrapy Itri hlC.;isl canc¢r.
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.XltIIII:'I.I.('III,¢()XI().S().\I..\I.I.¢I-.(iI()N._XI..\'_lNl)l..l<(i()(()1"_

.NtXII._I-R,.\I.II.IR..\II()N.',;IN I._I,¢I!..\.',;I(.-\N('I:iI_

.-\K,iIIi_,niclllii.().I'.K_LIIi,,niulllilI. ('.('hen2.I).";ud,u'II).I'¢u-

I,,',itl_'.II.S.Srllith",.I.",V.(iF',i,,II).l'inkuII._tn,+lI.XI.\\'itl,.Imil_.iiiI

II)i-,i,,i_,n,,Ikl,,Icuui,u('\u,mctr\, l)cP;utlllcnt ,,tl+;.Lb_,r',tl_,r\klc,..licinc.
t'ni',cr,,it_, t,l (',tlitt,rni;+t .";:.irlIF.:trlci',,,._t,..%_.tnl:r;+tnci,,ct,. ('.-\ '(h.'r+tldim.'
l+ru,,h (";.tl_,.'urI'+,u,,c:trch lF_,,titutu..";I. ("..',,: .'_\Ibt( ' I luz_,tr_ (h.'++ctiu,, I nit.
l:idii_I',tLr,_'h._,.:t,tl;.tnd.

(',,t,,#cnc'tlc,ui:tI\,,i,.,,Ib.vc,:i,,ttunlt_r,,ix-,.,_Ilic'tiili+.',,diIIicultduu

tr,lhc'Ci_llIIll+,IIt_Cc.'tIITc'lICc't_Ihi_hI',,I_',ll,_Illli|IuhIt+lIIt_x.t_Illc",,.lhc lliIttIIc'

t_[ thc".,c';.ibu'rl;tllt u'hl_lllt_nt_lllc".. ;.i,, ',',cii ,t', the _u'i_.Lint,I ,,c'ctLlu'llu'u",;+tnll+li-
fled in I INR,, t,, I)XI-. t,l t+.'n,..;.tt_t+t,tt',c c,,t:thli:,licd b,, k+tr\ t,t.,, pic ;.ill,tl\ ,,ix.
\'V,., h;t,, u dc',clt >pod ;.t ric',', tcu'htligtlc, c, ,FIlp;.tI;.tti,.c gcli_,inic h\ bridiz:tti_ ,n
<('(;II_. i<,r cJct¢,,.:tit,rl +tllcl chrt,lllt,',t,nlctl l,'c:+tl+z;tti_n _,i I)N,',, ,,c'Clucnc'c
_,,i)_ numl+cr chem,,,',, _u+_,,,,,,hero in the' ?-chi,mc in ;.t ,,in,_'h.' h,, bricliz,_tit_rl. c'- _ •

II+ ('(;tl. dittcrcntiull,, I:t++ulud tt,t;.tl uc'nt,miu t¢,,t I)N.-\ ;tm l rl_,rm;.tl rotor-

el;ce I)N.-\ :rrc cillt,,._.cd tr+ ct,lllpCtc v, ith cuc'h tlthcF during h,,t+ridizuti,,n
t,, nt,t'm:tl mct;_tl+l_;tnc ',.[uc:td,... l::t,llt+v, ing in+nlun_+llut,rcxcci+t dctccth_n t,i
the l;ibclcd l)N.+\x _xlth tx,>_,diiitrent lltitut,utlrt,n]c.n, rcl_iti_.¢ eiip) rluill-
bcix t+l ,til ic,git;l+x iii lhc' lc'st _c'lliilllC +.tlc,clu;iniii:iti_cl\ c'st:.ll'+li_llc'cl b\
Ilic'_l_ulii'i_ lhc" i,lli_+ t_l lhc' lltitu't'ncclluc' iiltc'i_nitic's tl'_lll lhc' tt_t_ lltit_rt,-

ullituYlc_ +i]+,ll._the length t_l c'+ic:l+ln_,rnl;ll c'tlit_ill_,st_ll_lc'. InclCCt.sc'clrclutixc
c<,pb nuilibc'r t,+tii+t'_liliu';ltit_l+i,,I ;illcl reduced rc'l_itivc <:_,p$ iltlllibc'l'
Idc'lcth,i_,,i t,l the tLil]+itil I)+_.'\ ix ic;idil\ i_];tl+l+lc'cltm ltlc i+_i'l]+ialn+lu't,tt+husc'
c.hlt +Illt i_,tti+llt.' _,.

\Vc h_.t\c' :il+l>licct ('C;ll '+',ith I)N,\ lit,m the llc_lr-diplt,id (+(ltiPl.]
blCCitt u';.illc.'c'l" cell linu and li't_tYi ,i nt_rnlctl lClll;.llc ctu'itr_] t_ xtit_A th_it lhc"

c<,lt ,r r_tti, ,,, +iu'u+tlr;.ttc'l\ icx c+,ilcd ull the c)t, ,gcncticcill \ knt _ n _.'l+i,li-ni I,.,iI-
Ill+li _lbC]'l'+lii,,ii_ itc'tF;ln'.,i+l_\ it,r lcI. anti clclctit>n,, _,I Up. I lg. Ing <lnd
1 7p i td thi,, cc 11line'. In ,;.inl_ttlcr cxt+_c'rii+nci_t.( '( ii I u,,iil.<_.;' I)N.-\ Irl illl ii _c
libr_,l+l:lxt cell line,, _ith 1 t,, $ c_,pic,, ,,1 the X _;hli_iritlxt,iiic, +illt_,,_ctl
<lcCtll_.itc+dc+tcri_]imitit,n _1 thi,, i-_lll_c"_1 +"(l+t'ilt_llltl_t_l_lc,c.t_p+_litllllbc'l.

..\ml+lilicd I)N..\xc'cit.lc'lit'Ox ct,tlld bC dctcu'tcd :ind inlil)l)c'd b\
((lit iri tUlnt,l cell lii+c,, ,,_ith I)51', ,,i IISR', _.illd _,cc'u_it,n<tll\ _lix_ iii

th,,,,c _ith i_,, t+rc'\i,,ux u\ tt,.,_'crictic iillt,rlli;itit_l+ ,_n gu'ilc" +tlnl>lilic+<ititul.
t-lc'sidc_ kii_,,+_,i_tillu.l,_Tc'llC_,xtlc.h ct..,Xl'i'C' ;ind I{Rt.ll+ ">.the C.'tll'lillltlxt_lll+;tI
,'i'i#in', ,'I t>thci :iinl+lilicd sc'clUc'nuc'xth',lt I)rc+_,it,u,,l_, x,,crc i+it_tkllt_, ii it,
c,,nt:.iin <lmplilicd gene,, '+_c'i+cdi,,ct,,,crcd. I+,cQi,,n,, t,I inut+c';isc'clct_l)y
riulilbc'i +in blC+i_t lun]+_r cell line,, ;incl/_u priin+triu,, <,,,c'rcill,ii)i've.ct tt_ lc I,
_cI <t+r<,\im+il tr, ni\c.i, l_c I. 17ct Itc'rmii]ul t,, crbb+_. ,tllt.l "ilk t. _tlillt.+tiliic's
t_',t, , ,r thrc'c _c'l+;tl_itc+ic'._i__11,..t_ll lhc" x_illic"chl_ _lilt _t _lllC _t.t'lC trill pi ificd in
,,l+<.'cell line'. 'qtil)t+t,rtc'd b\ NIl I ( '.+\ 447(>_. ( '.\ 4su ]<J_ti+ldl )( )1 :\( "-<I_-
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ESTROGEN RECEPTOR MUTATIONS IN TAMOXIFEN RESISTANT HUMAN

BREAST CANCER

P.S. Karnik I, C.Smith I, R.R. Tubbs 2, and R.M. Bukowski I,

ICleveland Clinic Cancer Center, 2CCF Dept. of Pathology,
9500 Euclid Ave., Cleve., OH 44195

The problem of hormone resistance is a major challenge

in the treatment of breast cancer. Although endocrine

therapy with antiestrogens (eg. Tamoxifen) often results in
a remarkable improvement in breast cancer patie_it:s tLm_or

resistance to these drugs develops over time. The moiecular

mechanisms by which receptor posit:lye tlu1_ors develop

resistance to antiestrogens, however, remain unknown. The

estrogen receptor plays a central role in mediating the

effects of estrogens arld antiestrogens. Therefore, any

alteration in the receptor could theoretically render the

cell endocrine resistant. We hypothesize that endocrine
resistance iea ER*, PR + human breast cancer is due to altered

or mutated estrogen receptors that are unable to mediate the

actions of estrogens and ar_t:iestrogens. To search

efficiently for ER mutations, our strategy is to iso late RNA

from a large n_u1_ber of ER ., PR _ tumors (Tamoxifen resistant

and sensitive), amplify the ER cDNA by RNA-PCR and then

assay the amplified products for sequence variation by

single-strand conformation polymorphism (SSCP) . Frozen human

breast tumor samples clinically diagnosed as Tamoxifen
resistant or sensitive were obtained from the tumor bank at

CCF. Detailed clinical information and response of patients

to Tamoxifen over several years is readily available. _..le

first amplified e×on 2 (codes for first zinc finger) from

wild type ER cDNA and from ] 7 tumor samples. A 246 bp

fragment: (including primers) was amplified, denatured and
analyzed by SSCP. A variant e×oi_-2 band was detected in a

Tamoxifen resistant tumor from a patie_t with recurrent

disease. The patient responded to Tamoxifen for about two

years before developing metastatic carcinoma of breast

origin of the right supraclavicular lymph node. The exon 2

variant was seen in both the primary and metastat {c tumors

from this patient. Since exon 2 of FR codes for the first

zinc finger, it is interesting to speculate that a faulty or

defective first zii_c finger is responsible for Tamoxifen

resistance seen ir_ this patient. Our efforts are now

directed toward sequencillg the ER variai_ts aI_d analyzing the

functional significance of this mutation.
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-ktii! it !blBAI ANt't {:)ltll)Jt !, ;\XI) ANAl _'il_.i ill {ANl)li)Ali (;f NI !)
I',, _il_rl;\', !(' ANl) IUHIIUI _, I1';!_;1t IX A IAHII'_ WI]tt l_t_t A':;I

{1_.;IP, ] A_ (',-N{t R l ] NEt I) Iii I tfl_l)l-11 <_I)MI 1 7

D v_,l'._,'ll _ 13 1 t_t1_,i)2 /\ i'iil]l;tm!; 2 , \ K !_[._tlll 1

]]iipc, i,l;i[ /al,:._t • R_,_;_:,a['_,tl t_j[_(t, (_t:JY_, ttalt I ;tt_fJl;:_t_)l lt_,.;,
<2I'?()ttPl_; [';_f, tt(,r'l';, fnr, 51/): _,_,r,(,ti_ _i_id_,mi_Jf_q,.

I ab_['a!()yv, ]mpeilat !:_rt{'pl" t_(_:;(,_r_'t_ t ur,d, 51': 5[)1 i_(jfi_'l(t

l_, 1';9I} ttalI _t al. '_,_'it,_,{',.P 199(), 25{], 1¢)BA-16{39)

_;t_ow,,d tt_(' f lI_sI ';llorl{] _,_ l_fl:'_l('{, f_r a t)r'{,asl c'a_(:el" qelle
l()_al l_,('d 1<) !t_(, I(J_l] arm f_f t_umar_ (;fli'(irric3.';om(_ _7 hy

_l(,,,Pf l_' ] i¢'_k:;t(l_,. It_,,, (._hl{_iiiP(J a l(3l) :;{'()re (ii :Z. 5[) at a O
,if (].Z{3 ,..,ltt_ t!,(:, mart..e_-I)17!)7a. 1t.:: IOD :s_'ot'e wa,_; 'aiq_lif-

,_t;tI,1 I', litr l'(';t!:,(>(l Wtlt_ll tt,(, famlli(_,<_ w('_(_ sit:i'at ifJ_d by age
_']fl_i;_ ! (lr) _]L'(31(' ()f ').')_'3 W;I_J ¢.,t)l_tlltlr'(] 1[) t. tlOSl_:' With a [ll(3[:tfl

a_]¢' _it (Jl'l_]r_.,_i'> (;t 1('_;_ ttlar_ /46. lll i_ iriitia] fiildir, g v_a.'_
(_ir_film(,cl I)v \;tl(J(:t (>t {ii, lilt, lari_:'(-t 1991, 558, 82-[J5)
v;t_f_ ,_{)f_i'_('(t a I()D ._ir(3r(, ¢_f 2.2{J wi{_l Ltle sarrl_3 rlhT_JI'kl:3FII1

! l_:' t,i',_:a!;t C_\a' iari { ail('e[ famj l ie_;. [ol lowirl(J these
{";_llI_; ,:_ _'()l tai)orat l_, ._;l_d_ wa.'; (:':_tal;] ished Lr) hell)

l_'alr' tit(_ H_'r_:, ()r_ !7q. A l(Jtal of 214 families we_'e
%t tjcl lt'{] v,'I I f_ f_i x rrl_]l'k_-,l':_ _trlrJ a l't::__[::Jit)rr ,_[.)ar_r_.inc] approxJ-
{TI;_I_'I,. I(IcM .,_tt) d('firll:'(] f la[iked t)) lt_::, markei-s D1752513 and
1317!Tb_{j. r li,(, (if ltit, (lill_al fil/cJiilc:]s f-r'om the ]Jrikage
{tll.{tT_.f.;i_< ftr !i-.if_,.g/, fair, iliads, wa<; thai ali farriiJ]er; viiLh
ft_i',.ttjr_' tJf t)l_';J!_i ;tlifl fJ\._tFi_:jri ('_tril:7t?r'f3 WOFO liriked Lo t)-_is

+]t_ri(,. iii rJtJ[ l);Jr_t:l _)f fHrllill('.% ;,,,11,liar(? orio ]__:tl"(JO tLIl'(_._tt-_i_,,'
(¢'_;t; l;_fi f_:trl/lJ_. ;','ittl _J total c)f 17 13I!?a!:;t _]r,d thl'oe (3_,ai'i_:jri

tiilh(:itl[:_>. ;_ I{)l) '.]('fJI'IP (.If 2. 5<s __#l _ (J,(.)(j] w{'t_i rjht_ijilmd with
+t_r, i_i:_ib:_i M4f ii, tt/i_; fl]rlll]v. Wr._ t_av_:, (3btair_ed blr)(/d

!,Hriil_i(,,_ ;tflrJ f ix_d f.il_{.k._; <._f ttJl/i()lJ['.<$ fl'rifri ;t IIIJFIIbOV iJf ttie.<je
iI_f]i_,l(lljH]<> <_ricJ ( _-{lIllt!(t i)tjt PI'R ,<-;tti(lie.<; l(j(3kiii(j _.tt. ].o,_._f;of

fiI'l!,l(.,/',.:]._:<;il _, iii ttjIri(jtjlfj, lr_lii_-_] l'f_:f:_tJl{f; illCJJc{_llo t_t1_-:t[
:ct: tjfif' t tiNifjlJl f I f)[ii t till; f_Jfr,l ]\ ;ii I 11+1.(' c'hl'c3lril3:;lJflir? ]7 13(?]cIw

!t_t, r!,a;l_,l Iltt>,AI l'_ lf_,,_i lh_sf_ irlc_Jc_iilft(] ltl;-il tti_? ['c._f.iir3ii
Iii ;'."ti]('ii ittt7 BfT('AI (j_-'_, Ilo:3 (.;;iri br" rI;tFI'(:JWfJCt t){P_'¢4{?('11

It4t<,AI :ir_<] I317b',PJi3. AI_<_ _;(_(]tJt_lir.'!:? :.:lrt;t!V.%l.<_ tj.%irlrj ::,orriati(;'
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THE TRANSFORMING POTENTIAL OF WNT GENE
FAMILY MEMBERS

,JanKitajewski 1 and Harold E. Varmus 2, 1Departments of Pathology and
OB/Gyn in the CRS, Columbia University College of P&S, New York,
NY 10032; Department of Microbiology and Immunology, University of
California, San Francisco, CA 94143-0502.

The Wnt-1 gene was originally identified as a target for insertional
activation in MMTV-induced mouse mammary tumors. The gene encodes
cysteine-rich secreted glycoproteins that associate tightly with the
extracellular matrix or cell surface. The protein encoded by the Wnt-1
gene is believed to function normally as a secreted growth factor or
morphogen involved in the development of the central nervous system.
Ten members of the taurine Wnt gene family have been cloned and the
expression of several of these genes in the developing mammary gland
suggests they may play a role in normal mammary gland development.

We have been assesing the ability of Wnt-1, Wnt-3A, Wnt-4, Wnt-5A,
and Wnt-5B to transform the cultured mammary epithelial cell line
C57MG. Toward this goal, we have generated cDNAs encoding Wnt
gene family members fused to an influenza hemagluttinin (HA) epitol_ to
allow detection of the gene products with an a,lti-HA monoclonal
antibody. Epitope tagged Wnt-1 retains the ability to transform cultured
mammary epithelial cells. The transforming potential of the epitope
tagged Wnt gene products are being tested by using retroviral vectors to
express these genes in C57MG mammary epithelial cells. Paraca'ine
transforming capability of Wnt genes is being assessed by co-cultivating

! C57MG cells with Wnt-expressing Rat fibroblasts (which themselves
show no response to Wnt- 1 and act as donors of Wnt proteins to adjacent
C57MG cells). Transient transfection of cDNAs encoding the epitope
tagged Wnt family members into quail QT6 cells results in the production
of secreted glycoproteins that associate tightly to either the cell surface or
extracellular matrix, as is seen with Wnt- 1 proteins.

In addition, we have constructed cDNAs encoding Wnt-1 fused to the
transmembrane and cytoplasnfic region of the CD4 protein or encoding
Wnt-1 with the ER retention sequence KDEL added to the C-terminus.
To date, we have shown that Wnt-1-CD4 expression results in autocrine
but not paracrine transfomaation suggesting that'these cell membrane-
associated-Writ-I proteins do not trasmit signals from one cell to another.
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A NOVEL MECHANISM OF TRANSCRIPTIONAL
STIMULATION BY THE ANTIESTROGENS TAMOXIFEN

AND ICI 164,384.

P.J. Kushner and P. Webb, University of California, San
Francisco, California.

Antiestrogens, such as tamoxifen or ICI 164,384, bind to the

estrogen receptor and inhibit transcription at classical estrogen
response elements. This ability is thought to underlie their
therapeutic effect. Although antiestrogens usually block
estrogen action, they are agonists on diverse and unpredictable
targets, and this complicates their use in treatin_ or preventing
breast cancer. Tamoxifen, for example, has potent estrogenic
activity on the growth and gene expression of endometrial cells
and stimulates transcription of some estrogen responsive
genes in breast cancer cells.

Here we show that sites for the AP-1 family of
transcription factors (jun/fos and relatives) act as non-classical

estrogen response elements with a variety of promoters,
including the human collagenase and herpes virus tk
promoters, and in several cell types. The collagenase promoter
shows up to a 20 fold induction with estrogen that is not
shown by derivatives deleted for the AP1 site. Activation at
the AP-1 site requires AP-1 protein, because it does not occur
in F9 cells, which lack AP1 proteins, unless they are transfected
with expression vectors for jun and fos. The amino terminus
of the estrogen receptor is needed for this response, but the
DNA binding domain is not required. Remarkably,

antiestrogens are potent activators of transcription at AP1 sites
in the presence of estrogen receptor. Tamoxifen induction is
often as strong as estrogen. ICI can also be a potent agonist, but
only when receptor levels are very high. These results may
explain some of the agonist effects of antiestrogens on gene
transcription as due to action at API sites rather than classical
response elements. These results also suggest new ways to
screen antiestrogenic drugs.
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CYTOCHROME P450 ACTIVITY IN BREAST CANCER

R. Liu, H. Muller, J. Buters*and U. Eppenberger

Department of Research, University Hospital ,Basel
* Hoffmann-La Roche AG, Basel Switzerland

Cytochromes P450 are a superfamily of enzymes that is mainly
present irl hepatocytes and converts 17 13-estradiol to 2-hydroxy-
estradiol. Recent reports showed that some human breast cancer
tissues could be stained by specific P450 antibodies. Induced
expression of P450 has been shown to lead to increased metabolism of
estrogen resulting in antiestrogenic effects in several human breast
cancer cell lines. We attempted to evaluate the prognostic value of
cytochrome P450 for overall survival of breast cancer patients by
measuring the P450 activity in biopsies. Using 7-ethoxy-4-
trifluorornethyl-coumarin ( EFC ) as a substrate, P450 activity was
measured by determining its product 7-ethoxycoumarin fluorome-
trically. We measured the activity of this enzyme in various breast
cancer cell lines and in 100 biopsy samples from primary breast
cancer patients. The results demonstrate that breast cancer tissue
contains much lower P450 activity ( 10'000 times less ) per mg
protein than rat liver tissue . 2 out of 3 estrogen receptor ( ER )
positive cell lines, MCF-7 and ZR-75-1 showed detectable P450
activity. ZR-75-1 cells contained 41% of the activity of MCF-7
cells. Another ER positive cell line BT-47D and the ER negative cell
lines BT-474, MDA-MB-231, BT-20, HBL-100 and SKBR-2-111
showed no P450 activity in our assay. The P450 activity could be
increased by estrogen pretreatment of MCF-7 and ZR-75-1 cells
but not of BT-47D and ali ER negative cell lines tested. In 9% of ali
biopsy samples, ER positive ( 6/9 ) and ER negative ( 3/9 ), P450
activity was detected. The P450 positive tissue samples showed ten
times less activity than MCF-7 cells . No correlation was found
between P450 activity and estrogen receptor, progesterone receptor
and Cathepsin D content. However 8 out of 9 P450 positive samples
were epidermal growth factor receptor positive. The independent
prognostic value of this enzyme in breast cancer is under investiga-
tion in a long term study.

48



STUDIES OF ALLELIC IMBALANCE IN HUMAN BREAST
CANCER

M.-L. Loupart 1, J.A.L. Armour 2 and J.M.Varleyl,3,,

1ICI/University Joint Laboratory, 2Department of Genetics

and 3Department of Pathology, University of Leicester,
Leicester LE1 7RH, UK.

A number of groups have reported varying levels of
allelic in:balance of polymorphic markers on human
chromosome 1 in primary breast tumour samples. Loss of
heterozygosity (LOH) has been reported at two regions, at
lq21-23 (Chen et al., 1989, Proc. Natl. Acad. Sci. USA, 86, 7204)
and at distal lp (Genuardi et al., 1988, Am. J. Hum. Genet.,
45, 73). Cytogenetic studies have implicated additional

regions on chromosome 1, most notably lp13 (Mitchell and
Santibanez-Koref, 1990, Genes, Chromosomes and Cancer, 2,

278). We have used a number of informative probes on

chromosome 1 to determine the frequency of LOH and the
smallest region(s) of common overlap. Three regions show
levels of allelic imbalance above background: lp13-p35
(D1S73 and D1S7), 1q21-q23 (MUC1 and D1S61) and 1q32-qter
(DIS81 and DIS8). Perturbations of sequences at these three
regions appear to represent independent events, and indicate
that a number of sequences on chromosome 1 are involved
in breast cancer. The detailed discussion of the patterns of

allelic in:balance will be presented, together with data
correlating the alterations to various clinical parameters.

Additional regions of the genome are also being

studied for LOH in the same panel of breast tumours,
including known tumour suppressor loci (p53, RB1 and
DCC). Loss or mutation of these sequences will be compared
to loss of regions of chromosome 1 to determine whether
subsets of breast tumours can be identified having specific

patterns of LOH. Other regions of the genome also show loss
at relatively high frequency, and at least one of these regions
has not previously been shown to be involved in breast
cancer. A detailed description of these latter studies will be
presented.
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TRANSCRIPTION FACTOR AP-I AND THE TERMINAL
DIFFERENTIATION AND ONCOGENIC TRANSFORMATION OF
MAMMARY EPITHELIAL CELLS

F Martin, E Costello, B Jehn, R Marti, N Keon,
HJ Altermatt and R Jaggi, Department of

Clinical and Experimental Research, University
of Bern, Switzerland.

The lactogenic hormones, prolactin,
glucocorticoids and insulin induce terminal
differentiation and milk protein synthesis
(e.g. _-casein) in the mouse mammary gland and

in mammary epithelial cells in culture. In
mammary epithelial cells in culture we measured
the levels of _-casein promoter activity, as a
correlate of hormone induced differentiation,
and of the transcription factors AP-I and
Oct-l. The activity of the _-casein promoter

was very low in growing and confluent cells but
it was high after lactogenic hormone treatment.
Measurements of the DNA-binding activity of
transcription factor AP-I by gel retardation

analysis revealed high activity in growing
cells, and significantly reduced activity in
cells stimulated to terminally differentiate
with lactogenic hormones. Transformation of the
cells with oncogenes encoding Mos, Ras or Src

(but not Myc) led to maintained high levels of
AP-I activity (and of fos and jun mRNA) and was
accompanied by a failure of the lactogenic
hormones to trigger activation of the _-casein
promoter. Over-expression of Fos had a similar

effect. Glucocorticoid receptor function was
impaired in the transformed cells.
Interestingly, at no stage in the life cycle of
the mouse mammary gland was AP-I activity high.
In a sample of malignant human mammary tumours

AP-I activity levels varied from undetectable
to very high.

5O



CHROMOSOME 17q LINKAGE STUDIES OF 19 FRENCH
BREAST CANCER AND BREAST-OVARIAN CANCER

SYNDROMES FAMILIES.

S. Mdzoyer (I), S.A. N_rod (2), O. LyoiIilet

(3), P. L_lle (4), B. Jdmot (I), A.P. Molel

(I), P. Rio (4). Y.J. Biytiui; (4) ai_d H. Sobui

_ei_&, d! i)._D41uoloyie-Getl_Lique, C_,_t, e Leol,I::,'v.._i._% Lyuii Pi aiic;e ; (2) O_pal tlii_ilt or
C_4ei,e I.i,._:_ bl,...;Gi i 1 Uilivl_i _,i Ly i0803 bloi-iti e_l ,

Call.ida ; (3) CNRS URA 620. Illstitut Cul ie.
75231 Par is, Fr aill_se ; (4) Oi1_oloyie-

I"lul6"_.u;U la [ r e, Cellti e Jeall Pei i iri, 63011
C1 el lliollt- Eel I alid, Fiance.

A gel/e Poi early Ol/SeL fdi,,ilial breast Cal-ic;el-
(BRCAt) hds I e_eiltly beell lllapped to the

ul-,rul,,o_oll,e 17qt2-q21 i egioll. A Sallle lo_Jus was
assiyiled [ul tile bleast alld ovai iall Calil_;el

syndl uli,e. Iii oi der Lo uollfi i ,, the yel-ie
location aild Lu Lest fol po_sibl_ yei_e tic

lleter oyelleity, we llave uollduuLed lilikaye

alialysi5 iii I c) Pielicli bl east al-ld bi east-
ovarian caroiilu,,a sylldio,le Familie_ (14 arid 5

i esp_cLively ) wi til [ rye ,_1, rol.oso,ie 17q
lliai kel s ( [I Olli C;elitl Oliiel e to teloi,ler e :

D17S250. D17S579. 42D6. NM23 alld D17S74).
TI-._ [ive br _as t-oval iaii oalloe r syiid iOllle

families as _ group yive positive evidelice

Foi lillkayu (Lud suoiez2.29 aL 0-0.00 with

D17S579. LI,_ must closely liliked i||arkei Lo
bi east UaliCJui ) wller eds the br cast Oalluei

faliiilies aL a 910Up do iiut (Lod suore : 0.05
aL 0 - 0.01 wiLl, D17S579). HetuioSeileity of

I iilka%le uP bl east caiiuel i_ _iSlii f iCalit; il-l

Fr ,,::llil_;_ arid buppol t LI,e _xisLe,lc_e of liiOle Lllaii
ol,e _usuept. ibility yei,_. Pl Olii tll_ study of
two e×teiibiv_ l'dliii 1 i_5 iii wiliull 6 iileliibe is

wi tri utllel t;allt;8i b tJdl r y tire I-lap].otype liliked

to busueptibility, [t i_ sUy%l_bt_d tli_t tlle

BRCAI 9_ile could _Ibu b_ i_l_ted Lo tli_

developllleilt u[ utllei ualicer s.
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SEQUENCE ANALYSIS OF THE int:-2/fgf-3 GENE IN AGGRESSIVE
HUMAN BREAST CARCINOMAS

Shari Meyers and Jaquelir_ Dudley, Dept. of Microbiology,
University of Texas at Austin, Austin, TX 78712

A number of primary human breast carcinomas have

amplification of the cllromosonle 11 region containing the

int.-2/fgf-3 proto-oncogene, and progression of breast

cancers has been correlated with int-2 amplification or

with certain restriction fragment length polymorphisms

(RFLPs) of the int:-2 gene. Using the polymerase chain

reaction (PCR) , we have obtained the lnc-2 coding

sequences from six primary tumors, four of which had

amplificati, on of the inr:-2 gene and one contained

amplification of the lletl gene. The majority of" these

tumors (5/6) were aggressive as judged by their early

recurrence and/or metastasis. Nucleotide sequencing of

PCR products revealed that previously described BamHl. and

Pstl RFLPs of the inr:-2 gene, as well as a previously

undescribed polymorphism at position 9154, were located
within the int:ron between the second and tllirct exons. A

seventh tumor was used to localize one of the PstI RFq,Ps 5

bp from the splice accept:or si te of the t. hird exon.

ltowever, none of t:he tumors analyzed showed differences in

the i2_r-2 prot,ei_ coding regions compared to normal

placenta DNA. These result:s impl.y that aggressive human
breast: cancers (_.ncode an unaltel-e(1 _O1"III Of the inr:-2

prote i n.
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p53 mutations and abnormal pattern of p53 protein expression
in human breast cancer.

J.P. Molbs 1'2, R. Mazars I , J. Simony-Lafi)ntaine 3 , J. Jacquemier 4 P. Jeanteur 1,

C. Theillet 1,1 URA CNRS 1191, Gdn_.tique Moldculaire, 34095 Montpellier cedex 5, France. 2,

CRBM/CNRS Dermatologie Mol_culaire, Route de Mende, 34033 Montpellier, France. 3, CRLC Val

d'Aurelle, 34094 Montpellier cedex 2, France. 4, Centre Paoli Calmette, 13009 Marseille, France

Every cancer type looked at so far has been shown to habour inactivating
mutations in the p53 tumor suppressing gene, however, differences have been
encountered from one tumor type to the other, in the incidence and the pattern of
nucleotide substitution.

Using a PCR-SSCP approach we analyzed 96 human primary breast
tumors for the presence of mutations in the p53 coding sequence. 18/96 (18.6 %)

tumors presented such an anomaly and Chi2 analysis revealed an inverse
correlation with steroid receptor content, thus indicating an association with
aggressive breast tumors. Most of the mutations (16/18) were single nuclex)tide
substitutions (the remaining 2 being internal deletions of 11 and 23 bp
respectively) and although we found 6 G:C to A:T transitions it is difficult to
conclude on a dominant pattern of mutation in our tumor series. Interestingly only
3 tumors out of the 18 mutated at the p53 gene clearly showed the concommitant
ioss of the wild type allele. Taking the cellular heterogeneity of breast tumors into
account, the presence of wild type sequences in some SSCP assays could be
contributed by normal or non mutated cancer cells present in the analyzed tissue.
To address this we performed PCR-SSCP on DNA extracted from 20p.m thick
tissue sections cut into parafine embedded blocks from tumors showing both the
mutated and the wild type conformers. The four sections selected were composed
of 80 to 90% tumor cells and ali four displayed concommitantly the mutated and
the wild type allele, thus possibly suggesting that only a fraction of the tumor
cells composing the tumor may harbour the p53 mutation. Moreover this cellular
heterogeneity may also lead to an underestimation by molecular techniques of the
incidence of p53 mutations in breast cancer because of their dilution by the wild
type signal. Such limitations may be obviated using in situ methods such as
immunocytochemistry whith which isolated foci of positive cells may be detected.
Taking advantage of the potential relationship between the presence of a mutation
at the genetic level and positive immunohistostochemical staining with anti-p53
antibodies we searched for mutations by PCR-SSCPin tumor sections showing
variable levels of anti-p53 staining (from 30 to 80% of stained cells). Sections
with 60 to 80% of stained cells displayed a mutation upon PCR-SSCP, whereas
some sections with 30 to 40% proved more elusive. This lead us to test further for
the relationship between immunotaining and mutation of the gene. To do this we
analyzed a subset of tumors which we knew the SSCP results of by
immunostaining using 3 anti-p53 antibodies (CMl, DO7 and 1801). A detailed
comparison of the molecular and immunocytochemical data, as well as results
obtained with different antibodies, will be presented.
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Two distinct mechanisms alter p53 in human breast
cancer : Mutation and nuclear exclusion
U. M. Moll ca, G. Riou b, A.J. Levine c; aDept, of

Pathology, SUNY at Stony Brook, Stony Brook, NY 11794-

8691; b Lab.de Pharmacologie Clinique et Moleculaire,

Inst. G.Roussy, 94805 Villejuif, Cedex, France; c Dept. of

Molecular Biology, Princeton University, Princeton, NJ

08544-1014

Twenty-seven cases of inflammatory breast cancer were

screened for level and location of the p53 protein using

immunocytochemical methods and monoclonal antibody

directed against the p53 protein. Three groups were

detected : eight cases (30%) contained high levels of p53

in the nucleus of the cancer cells; nine cases (33%)

showed complete lack of detectable staining; ten cases

(37) showed a pattern of cytoplasmic staining with nuclear

sparing. Nucleotide sequence analysis of p53 cDNAs derived

from the samples with cytoplasmic staining revealed only

wild type p53 alleles in 6/7 cases. The seventh case

showed an unusual in-frame deletion of serine 241. An

eighth case was determined to be wild-type by single

strand conformation polymorphism. In contrast, the samples

containing nuclear p53 showed a variety of missense

mutations and one nonsense mutation. Three of the tumors

analyzed which lacked detectable p53 staining were all

wild type in their nucleotide sequence suggesting normal

p53 expression in these cases. Interestingly, a case of

normal lactating breast tissue also showed intense

cytoplasmic staining for p53 with nuclear sparing.

These data suggest that some breast cancers that

contain the wild type form of p53 may inactivate its tumor

suppressor activity by sequestering this protein into the

cytoplasm, thus excluding it from its site of action in

the nucleus. This leads us to propose a novel, mutation -

independent mechanism of p53 inactivation. The detection

of cytoplasmic p53 in normal lactating breast tissue

suggests that intracellular translocation and

stabilization of p53 might be a normal event used for

specific physiological situations which require transient

cell proliferation.
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HYDROCARBONS - THE URBAN FACT_)I',IN BREAST CANCER
J.J. Morr[sl and E. Seifter2, Emeritus Chief Plastic

Surgery, South Nassau Communit:[es Hospital, Oceanside,

New York, 2Emeritus Professor of Biochemistry and

Surgery, Albert Einstein Col].ege of Medicine, Bronx,
New York.

The urban factor in breast cancer can be understood

by examining human exposure to the "urban toxic soup"

which is composed primarily of hydrocarbon combustion

by-products. These hydrocarbons are found either as

volatile organic compounds or as compounds bound to

particulate matter and contain a complex mixture of

polycyclic aromatic hydrocarbons, polar substituted

polycyclic aromatic hydrocarbons, simpile aromatic and

aliphatic hydrocarbons.

Many of these environmental pollutants are lipophilic
substances which are stored, concentrated and metabolized

in the breast to carcinogenic metabolites. Some produce

electrophiles which adduct to DNA and initiate

carcinogenesis. Other aromatic and aliphatic metabolites

also produce oxygen free radicals, consume glutathione

and induce lipid peroxidation of cellular membranes.

The consequence of long term hydrocarbon exposure is an

increased intracellular pro-oxidant state which

destabilizes DNA, is clastogenic and allows for initiation
and promotion of breast cancer.

In urban communities there is an increased exposure to

hydrocarbons caused by the consumption of fossil fuels

for energy production as well as increased personal

contact with hydrocarbon sources. Low dose long term

human exposure to many mammary specific hydrocarbon

carcinogens and to the promotional effects of perhaps

hundreds of other carcinogenic and non-carcinogenic

hydrocarbon metabolites accounts for the urban factor in
breast cancer.

Recognizing the relationship of human breast cancer

to hydrocarbon exposure allows for control of this

disease by reducing environmental hydrocarbon pollution

and by the personal use of anti-oxidants and binding

site blocking agents.
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SIGNAL TRANSDUCTION IN NEU MEDIATED
MAMMARY TUMORIGENESIS AND METASTASIS.

Senthil Muthuswamy 1, Chantale T. Guy 1, M.A. Webster 1, M.
Schaller 2, T. Parsons 2, R.D. Cardiff 3, Malcolm Trimble 1, John
Hassell 1, and W.J. Muller 1. 1Institute for Molecular Biology

and Biotechnology, McMaster University, 1280 Main St W.,
Hamilton, Ontario, Canada, L8S 4K1; 2Dept. of Microbiology
and Cancer Center, Univ. of Virginia, Charlottesville, VA;
3Dept. of Pathology, Univ. California at Davis, Davis, CA.
Overexpression and amplification of the neu proto-oncogene
has been implicated in the development of aggressive
human breast cancer. To directly assess the effect of
mammary gland-specific expression of the neu proto-
oncogene, transgenic mice carrying unactivated neu under
the transcriptional control of the mouse mammary tumor
virus (MMTV) promoter/enhancer were established. By
contrast to the rapid tumor progression observed in several
transgenic lines carrying the activated neu transgene,
expression of unactivated neu in the mammary epithelium
resulted in the development of focal mammary tumors after
long latency. Interestingly, many of the tumor bearing

transgenic mice developed secondary metastatic tumors in
the lung.
The neu induced tumors expressed elevated levels of neu

mRNA and protein. Overexpression of neu in the mammary
tumors was also associated with elevated neu intrinsic

tyrosine kinase activity, de-novo tyrosine phosphorylation of
several cellular proteins and elevated expression of the ets
related transcription factor PEA3. Furthermore expression of
activated neu in established cell lines transcriptionaly
activates reporter constructs bearing both PEA3 and AP1
responsive elements. We have initiated studies designed to
understand the role played by these transcription factors in
neu induced tumorigenesis and metastasis.
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GROWTH FACTOR AND CELL CYCLE GENES IMPLICATED
IN MAMMARY TUMORIGENESIS.
C. Dickson, V. Fantl, A. Lammie, S. Brookes, R. Smith, G.
Stamp, R. Poulsom, D. Barnes, and G. Peters, Imperial Cancer
Research Fund, London WC2A 3PX, UK.

Breast cancer in the mouse is frequently associated with the
inappropriate expression of normally silent proto-oncogenes
instigated by the nearby integration of mouse mammary tumor
virus (MMTV). Two such genes, int-2/FGF3 and hst-1/FGF4,
are members of the FGF family, and were shown to be
physically linked on mouse chromosome 7 and human
chromosome 11 band q13. When tested in vitro, FGF3 is a
poor mitogen and weak transforming gene, as compared to
FGF4, yet it is a more frequent target for MMTV. To further
investigate the role of FGF3 in mammary tumorigenesis we
assessed its properties in a transgenic mouse model in which
FGF3 expression was regulated by MMTV. The transgenic
mice developed pregnancy-dependent hyperplasia as a result
of FGF3 expression in the mammary gland. However, in situ
hybridization revealed that FGF3 transcription in these lesions
was non-uniform, in striking contrast to the clonal tumors that
arise from MMTV infection. These findings confirm the role of
FGF3 in tumorigenesis but point to mechanistic differences
between the virally induced and transgenic tumors.

In human breast cancers, both FGF3 and FGF4 are modestly
amplified, in approximately 15% of cases, particularly in
estrogen receptor positive tumors. However, neither gene is
consistently expressed irl the tumors, suggesting either an
early cryptic role in t_ development or that these genes
are merely passen u on the 11q13 amplicon in which
another closely linked gene is more directly involved. A
candidate gene that meets most of the expected criteria is
cyclin D1 which is about 120kb centromeric of FGF4. Cyclin
D1 is always co-amplified with FGF3/FGF4 and shows
elevated expression in these tumors. Its association with
parathyoid adenomas and chromosomal translocation in
centrocytic lymphomas provides additional credentials for a
role as an oncogene. We are presently investigating the
properties of this cyclin to assess its contribution to breast
cancer.
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EXPRESSION C_)F THE t:',blBB3 PRC£_I_C_-ONC'O(]ENEPR()DUC'[' [N BRI;',/,ST
CANCER

W. J. Gu l 1 i cl_ ] 1 Barnes 2, 11 ywoo(! ]
, N.R.I,e_oirle, D.M- D.P.H_ ,

C.M.HugEles-, P.Smith, E.Dublin 2 and t l.C.Hurst ]('f_,L ,'
Ontology G_-ou_), Royal Postg:-aduate Medical f_chooL,

2
lJaz_e[-sril]khHospital, Du Cane Road, London Wf20NN, ICRF'

Clinical Oncolcx3y Unit, Guy's Hospital, St. Thomas's
StL-eet, London _'_[;:19RT.

Abno_malitJes of the EGF _-ecepto[ and/o_ the related

FRBB2 t-ecepto_ occuL- in a significant proportion of

cases of human breast canceL- and a_-e im[_tant influences

in the behaviou_ of this tumou_ type. We now demonstrate

by nucleic acid analysis and inmlunohistochemistry that

the recentlv _ecc×gnised thJt:d member- of this receptor

gene family, ERBB3, is overexpressed in 43 out oi 199

cases (22%) of primaL-y breast cancer_. Over.exp_-essiof

of ERBB3 appears to _:esult from [hcf.eased levels oi

gene t_-anscr_iption since none of the cell lines or

p_imary cancels analysed showed evidence of gene

ampli£ication. Ove_expression of ERBB3 is positively

associated with the presence of lymph node metastases.

Our. L-esults suggest that the ERBB3 oncogene, like its

r_elatJves EGFR and ERBB2, may also be invo].ved in the

pathogenesis o£ b_"east cancer.
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ROLE OF THE HER-2/neu GENE IN itUMAN BREAST AND
()VARIAN CANCER

D. J. Siamon, M.D., Ph.D., Division Hematology-Ontology,
UCLA School of Medicine, Los Angeles, California.

The HER-2/neu proto-oncogene encodes a growth factor
receptor which is overexpr,.'ssed in 20-30cA, of human breast
cancers. This overexpression is associated with a decreased relapse
free as well as overall survival in those patients whose tumors
contain the alteration. The overexpression is most often due to
amplification in a significant numt,er of cases. This association
between HER-2/neu amplification/overexpression _nd outcome
suggests that the alteration may play some causal role in the
pathogenesis. To test the potential role of HER-2/neu
overexpression in altering the biologic activity of human breast
normal mad malignant epithelial cells, a number of in viu'o studies
were conducted in which single-copy, low expressing cell lines
were converted to multiple copy, high expressing cell lines. The
biologic effects of HER-2/neu overexpression were ther_ measured
inc!uding effects on DNA synthesis, cell growth, anchorage
independent growth, and tumorigenicity. Overexpression of HER-
2/neu resulted in an increase in those parameters in the malignant cell
lines as well as the non-transformed immortalized breast cell lines.
In the nomaal primary breast cells there was no evidence of these
of fecEs wi_h HER-_neu overexpression alone.

Monoclonal antibodies directed against the extracellular
domain of the receptor can suppress all of the biologic el'fecEs
induced by HER-2/neu overexpression both in vitro and in vivo.
Preclinical studies indicate that these antii,odies can be effective in
complete!, _uppressing growth of human tumor cells as well as
malignant breast tissue xenografts when either are growing in vivo.
The suppression is specific to cells and tissues overexpressing the
HER-2/ncu gene. Strategies using thc:;e antibodies in combination
with otiJer therapeutic modalities indicates that this cytostatic el'lE'ct
can bc converted into a cytocidal effect. The_ observations have
led to the development of new treatment strategies directed at this
m_)lecular alteration mad these strategies are now in clinical testing.
In addition, the recent identification, cloning and sequencing of a
ligand for the HER-2/neu receptor has allowed for its recombinant
expression. The availability of t'_is l'gand has led to further insights
into the role of the ttER-2/neu protc,n in the patht_genesis of human
breast cancer.
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HORMONAL CONTROL OF TRANSACTIVATION/REPRESSION OF THE
HUMAN PROGESTERONE RECEPTOR GENE IN BREAST CANCER CELLS
Alan Robinson+, Robin Fuchs-Youngl, Savedo Bettuzzi2, and Geoffrey L.
Greene 1. 1University of Chicago, Ben May Institute, Chicago, Illinois 60637;
2Universita di Modena, Istituto Chimica Biologic,a, 41100 Modena, Italy.
Female sex steroids control the growth and progression of hormone
responsive cancers through the coordinate regulation of specific gene
networks. A useful model system for studying the molecular basis of this
activity is the human progesterone receptor (hPR) gene, which is
transcriptionally regulated by estrogens, progestins, and antagonists via their
cognate receptors in cultured human breast cancer cells. To better
understand some of the underlying mechanisms, genomic DNA and T47D
cDNA clones encompassing the entire translated portion of hPR mRNA and
6.3 kb of upstream hPR DNA were isolated and sequenced. The promoter
region contains a CAAT box and a consc;Isus binding site for the Sp1
transcription factor, but no classical TATA box. A long GC-rich untranslated
region (744 bp) precedes the initiation codon (ATG B ) for the larger B form of
hPR. Three low-to-moderate affinity recognition sites for hER and two for hPR
have been located by DNA competition experiments and/or gel shift studies in
the ur,(ranslated region preceding the ATG Bcodon ao _'ell as in the intragenic
region that includes the ATGB codon. To detern,lne whether these
sequences compdse functional EREs or PREs, transfe.'fion experiments
were performed with reporter plasmids that contained appropriate segments
of the hPR gene linked to CAT cDNA through the heterologous thymidine
kinase (tk) promoter. Initial studies with several hPR-tk-CAT reporters indicate
that an estrogen responsive element exists within the +731/+761 region of
the hPR gene, which includes the ATGB codon at +744 bp. A 31-bp
oligonucleotide containing this sequence bound hER with about 50-fold
reduced affinity when compared to the frog vitellogenin A2 gene ERE.
Interestingly, pro_ ,,stins inhibit the estrogenic induction of the "ERE" located
at +744, presumably via the progesterone receptor present in MCF-7 cells.
However, an ERE-tk-CAT reporter containing the perfect palindromic
vitellogenin A2 ERE is unaffected by progestins in these cells. We are
currently trying to determine the role of this region in regulating hPR gene
expr+,,ssion in MCF-7 cells. At present, it appears that both transcriptional
activation and repression can occur through this downstream cis-acting
eiement within the transcribed region of the hPR gene, similar to the
regulation of the rabbit PR gene. Repression may involve a direct or indirect
interaction between the estrogen and progesterone receptors at this site. We
are also trying to determine whether one or more of the other cis-
acting sites in the hPR gene may involve interactions between ER and
other transcription factors such as fos and jun, thereby providing an
additional level of regulation of hPR gene expression.
These studies were supported by NCI grant CA02897.
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THE INCIDENCE OF BREAST CANCER IS INCREASING IN
A LARGE FAMILY WITH HEREDITARY CANCER. Steven

Narod(1), Henry Lynch(2), Theresa Conway(2),
Patrice Watson (2), Jean Feunteun(3) , Jillian
Parboosingh(1), Jane Lynch(2), Gilbert
Lenoir(4). (I) McGill Centre for Human Genetics,
Montreal, Canada; (2) Creighton University

School of Medicine;(3)Institut Gustave Roussy,
Villejuif, France;(4) International Agency for

Research on Cancer, Lyon, France

A large family containing 23 women with
breast or ovarian cancer is linked to a

susceptibility gene on chromosome 17; the
maximum two-point LOD score seen was 4.20 at 5
centiMorgans distance from the D17S250 locus.
Because linkage in this family is not in doubt,
DNA probes can be used to indentify probable
gene carriers from birth. Using five linked

DNA markers, and by incorporating clinical data,
34 probable gene carriers have been identified.
By age 70 the cumulative risk for breast cancer

among carriers is estimated to be 73% and the
risk for" ovarian cancer is 83% - but the risk is

not evenly distributed among generations of
women. The incidence rate of breast cancer among
_:omen born after 1930 was five times greater

than that for those born before 1930 (p =
0.044). The increase could not be explained by
improved methods of detection or by changing
patterns of fertility and is more likely to be

the effect of a changing environment.
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OVER-EXPRESSED HUMAN PLACENTAL 17B-HYDROXY-

STEROID DEHYDROGENASE IN COS-m6 CELLS AND T-

47D HUMAN BREAST CANCER CELLS HAVE PREDOMINANT

REDUCTIVE ACTIVITY IN CULTURE

M. Poutanen and R. Vihko, Biocenter and

Department of Clinical Chemistry, University
of Oulu, SF-90220 Oulu, Finland

178-hydroxysteroid dehydrogenase (17-HSD) is

an enzyme catalyzing the interconversion

between estradiol and a less active estrogen,

estrone. Thus the enzyme may have a major role

in the pathophysiology of estradiol-responsive

growth in breast cancer. As some reports have

suggested the existence of multiple forms of

17-HSD, we studied estradiol metabo].ism

catalyzed by placental-type ]7HSD in cultured
cells.

The ]7HSD cDNA was cloned under the SV-40

early promoter of the PSG5 eucaryotic

expression vector and the enzyme was

transiently and stably over-expressed in COS-
m6 cells and T-47D human breast cancer cells,

respectively. The resulting recombinant 17HSD

was immunologically reactive and had an

expected molecular weight of 35 kDa, as judged

by Western blot analysis. Both the transiently

and the stably over-expressed enzyme had

predominantly reductive activity in the intact
cells in culture when the substrate was

introduced into the culture medium. In

addition, a high endogenous oxidative activity

catalyzing the conversion of estradiol to
estrone was detected in the COS-m6 cells,

while the endogenous enzyme had no reductive

activity, in contrast to the recombinant

placental ]7}{SD. The data suggest that over-

expressed placental ]7HSD has predominantly

reductive activity and that there seems to be

another enzyme responsible for the oxidative

activity in the COS-m6 cells which could not
be detected with the antibodies to human

placental I 7HSD.
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HUMAN BREAST CANCER AUTOANTIGEN DETECTION IN
EXPRESSION cDNA LIBRARIES.

J. Racevskis, Montefiore Medical Center,

Department of Oncology; iii E 210th Street,
Bronx, New York.

In an effort to determine whether breast cancer

patients can mount an autologous humoral immune
response directed against tumor associated

antigens, we applied the approach that has been
successfully used to identify cDNAs of proteins
which elicit an autoimmune response in various
autoimmune disease states: the screening of
expression libraries with autologous serum.

cDNA libraries in expression vector Agtll
were constructed from mRNA extracted from

different primary ductal breast carcinomas, and
were screened in their entirety with autologous
patient serum. Four immunoreactive clones have
been identified and isolated to date. Sequence

analysis of the isolates showed that the four
isolates actually represented two species which

could not be matched to any sequences present in
the current Genbank database release. The

closest match for one of the two sequences is a
62% homology over a 120 base pair stretch with
the sequence for a human angiogenic vascular
endothelial growth factor.

In an initial experiment to test the
£eactivity of these clones against additional
patient and control sera. we observed that five
out of ten breast cancer patient sera reacted
with one clone and four out of the ten with the
second clone. A few control sera were found to

react, but much more weakly. By northern blot
analysis the mRNA of one isolate is 2.2kb and

the other hybridizes to two bands (l.6kb and
2.0kb). The messages for both isolates are
detectable in RNA isolated from primary breast
tumors as well as breast tumor cell line MCF-7,

indicating that they are expressed in the
transformed epithelial cells of the tumor mass.
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ALLELIC LOSS ON CHROMOSOME 17 IN DUCTAL
CARCINOMA IN-SITU
D.M. Radford x, M. Holt 2, J. Ritter 3, S.A. Wells, Jr. 1, Helen
Donis-Keller 2, 1Departments of Surgery, 2Genetics and
3pathology, Washington University, St. Louis, Missouri.

Loss o,( heterozygosity (LOH) for a number of
chromosc,_a! loci has been reported in invasive breast
cancer, suggesting a role for tumor suppressor genes in the
oncogenesis of this disease. LOH of 17pl3, which contains
the p53 gene, has been observed in up to 70% of cases of
invasive breast carcinoma. No studies to-date have
investigated LOH of this region in preinvasive cancer, such
as ductal carcinoma in situ (DCIS).

Because of the diffuse nature of DCIS usually
found within the breast, a microdissection technique was
developed to separate malignant ceils from adjacent
normal stroma, Tumor DNA was extracted from
microdissected archival, paraffin embedded sections, and
compared with normal control DNA from either adjacent
normal breast, uninvolved lymph node or white cells.

PCR was performed using the CA repeat
polymorphism at D17S513, which localizes to 17p13. A
total of 9 tumor normal pairs have been analyzed thus far.
LOH was seen in 3 tumors, 2/6 of the comedo high
nuclear grade variety and 1/3 of the mixed/cribriform low
nuclear grade subtype.

This preliminary finding of LOH at 17p 13 in DCIS
suggests a role for a tumor suppressor gene early in the
development of breast cancer.
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EXPRESSION OF THE CHROMATIN REGULATORY
PROTEIN HMG-I IS AN ACCURATE DIAGNOSTIC
MARKER FOR NEOPLASTIC PROGRESSION OF
MAMMARY EPITHELIAL CELLS

T. Ram 1, R. Reeves2, 3, H. Hosick 1,3, Depts. of 1Zoolegy, and
2Biochemistry/Biophysics, 3Genetics/Cell Biology,
Washington State University, Pullman, WA 99164.

The DNA binding protein HMG-I has been suggested
as a marker for progression of several kinds of cancer, most
convincingly for prostate cancer. We have now assessed
the accumulation of HMG-I mRNA as a marker for breast

cancer development. We utilized a series of mouse
mammary epithelial cell lines, all derived from the same
parent cell population, that express a range of growth
characteristics from preneoplastic to non-invasive to highly
aggressive. We utilized Northern blotting procedures to
measure the amounts of HMG-I mRNA in these cells

under several different growth conditions. At low cell
density in culture, the amount of HMG-I mRNA directly
correlated with the relative degree of malignancy of the cell
lines. At confluent cell density, HMG-I mRNA production
ceased in all but the most highly malignant cells, in which
it continued unabated. Several different methods have

been utilized to transfect the preneoplastic cell line with the
HMG-I gene in appropriate expression vectors; the gene
provides these cells with the ability to grow in suspension
in soft agarose, which they previously lacked. We conclude
that HMG-I can serve as a useful marker of the progression
status of neoplastic mammary cells, and it may play a
significant role in the process of progression itself. Similar
studies are underway with human cells in culture and
human breast pathology specimens. (Supported by NIH
grant CA-46885.)
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ASSOCIATION OF CHROMOSOME 17 ro BREAST
CANCER AND THE SEARCH FOR A TUMOUR
SUPPRESSOR GENE.
J.H.Riley 1, J.A.Fildes 1 K.Hudson 1, Y.Nakamura 2 and
R.Anand 1.1Biotechnology Department, ICI Pharmaceuticals,
Alderley Park, Macclesfield, Cheshire, UK. 2 Dept.
Biochemistry, Cancer Institute, Tokyo, Japan.

Analysis of early onset breast cancer families has indicated
linkage between a breast cancer susceptibility gene and
markers on chromosome 17(q12-23). This locus is believed
to lie between the markers for nm23 and GIP (gastric
inhibitory peptide).

Loss of heterozygosity studies have indicated that other
chromosomes 3p, 13q, 16q, 17p as well as 17q21 were lost
in breast tumours. These results suggested that there was an
accumulation of genetic alterations, which may include loss of
function of tumour suppressor genes. Further studies using
the candidate gene prohibitin, indicated mutations in several
sporadic breast tumours and we await the familial studies
using prohibitin.

We have isolated YACs covering approximately 2Mb of
chomosome 17q21-23 including YACs from many known loci,
including; erb2b,nerve growth factor receptor, growth
hormone1 and 2, nm23, protein kinase c, oestradiol
dehydiogenase f}, retinoic acid receptor c_,hoxll, prohibitin,
GIP and glycoprotein Ilia. Additional YACs were isolated
from cosmids known by in situ hybridisation to come frem
17q21-23..

We have developed vectors to allow the modification oi the
YACs and to allow introduction of the YACs into breast
cancer cell lines to see the effects of any putative tumour
suppressor genes.
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DNA INDEX, PROLIFERATIVE ACT!VlrI'Y AND
HISTOLOGIC GRADE AS PROGNOSTIC FACTORS OF DUCTAL

BREAST CANCER

A. San Rom_nl i J. Sola I, C. Baldonado 2 and
J Vasquez , Dept. of Pathology; _ept. of Obste-

trics and Gynecology, Cl[nica Universitaria de

Navarra, Pamplona, Spain

Flow cytometry (FC) analysis and image

analysis (IA) including DNA index (ploidy status)

and proliferative activity (%S and %S + G2/M)

were done on paraffin-erlbedded tumors of 119

patients with breast cancer. No significant rela-

tionship was found between ploidy and age, estro-

gen receptor status, tumor size, nodal status,

clinical stage and menopausal status; whereas

ploidy was significantly related to histological

type and grade (p less than 0.001). In addition,

the DNA index was significantly related to time

of recurrence (p=0.0006). Aneuploid tumors had

significantly higher proliferative activity (p
less than 0.001) . Patients with %S or %S + G2/M

activity less than or equal to the median value

were significantly different from those with %S

or %S + G2/M above the r_edian: patients with

%S + G2/M greater than the median value showed

shorter time to recu_'rence (p=0.024) and[ shorter

survival (p=0.046) . Multivariate analysis u_'ing

the Cox model suggested that ploidy and prolife-

rative activity (%S + G2/M) gave prognostic in-

formation, independent of clinical parameters.

Nevertheless, this independent significance was

lost when histological type and grade was inclu-

ded in the analysis.
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IDENTIFICATION OF TWO) NOVEL PROTO-ONCOGENES ON
CHROMOSOME 11Q13, INVOLVED IN HUbiAN BRFAST

CANCER AND S6}U_OUS CELL CARC[NO_IA.
Ed Sch,uuring ' , Els Verhoeven_,,, Ser'gey
Litvinov L, Hans Peterse _, Wolter Mooi _ and Rob
Michalides Z.

lDept, of' Paothology, University Hospita[ ,
Leiden, and ZDept. of Tumor Biology, The
Netherlands Cancer Institute, Amsterdam, The
Netherlands.

Amplification of the human chromosome llq13
region .is frequently observed in breast cancer
and squamous cell carcinomas of tt_e head and
neck, and is indicative of poor' prognosis. The
previously identified proto-oncogenes within
this region, INT-2 and HSTF-I, are only rarely
expressed in these tumors. By differential cDNA
cloning, we identified two novel genes within
this region, that are amplified and
overexpressed in tumors with an llq13
amplification. One of them, U2]B31, is
identical to the recently described p__RA_D-1 (or
cyclin DI) gene that is involved in cel_l cycle
reguiation. The other putative oncogene, called
EMS-1 , encodes a protein that: is normally
associated with the cytoske[eton, lt contains a
SH3 domain and an internal, tandem repeat.
However, in tumor cells with an 11q13
ampIification, this protein is mainly found in
cell-substratum contact sites. Overexpression
and relocation of the E_M_S-1 gene product might
contribute to the invasive potential of tumor'
cells with an l lq13 amplification.
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p53 MUTATIONAL SP[_CIRA IN PATIENTS WIIH HISTORY OF
AIYPICAL HYPERPLASIA (FEMAtFS) AND BREASI CANCFR (FEMALLS
ANDMALES). A. Seth i , J. Mariano I , R. Metcalf;', D. Pall t3,

S. Kottaridisa_ A. Panayiotakis _, H. Li _, S. Bianchi 3 and
I. S. Papas', laboratory of Molecular Ontology, National
Cancer Institute, Frederick, M{) 21702-1202; taboratory

of Human Carcinogenesi S_c National CanceY Institute,Bethesda, MD 20892; entro per to Studio e la
Prevenzione Oncologica, _lorence, Italy; 4Hellenic
Anticancer ]nstitutl, Athens, Greece.

Mutations of the p53 tumor suppressor gene ar'e the
most common genetic lesion in human cancers and appear to
be relatively common (30%) as somatic cell mutations in
breast cancer, p53 mutations have also been frequently
reported in breast cancers as part of the Li-Fraumini
syndrome. In the present study, we tested the hypothesis
whether women with both breast cancer and a histoYy of
atypical hyperplastic lesions have an increased frequency
of germline p53 mutation, as well as whether these
atypical hyperpl ast ic lesions exhibit somatic p53
mutations. The study included 32 female patients and the
p53 mutations were examined by both SSCP and direct DNA
sequencing of the PCR-amplified DNA fragments. In the
five samples so far analyzed, two tumor samples showed
mutations at amino acid 248 (CGG-CAG, Arg_Gln) and one
showed mutation at amino acid 243 (ATG-,ATC, Met-Ile).
Analysis of the DNA from normal and atypical hyperplastic
lesions ef the cancer patient samples showed no germline
or somatic cell mutations, suggesting that the p53
mutations occurred during advanced stages in the
pathogenesis of cancer.

Males with breast cancer are far rarer than females.
We were interested in finding out whether the mutational
spectra of the p53 gene reflects the different exposure of
breast tissue to estrogens in female and male patients.
O[ i0 samples investigated for p53 mutations in exons l
_nd 8, only one sample showed a point mutation in the DNA
sequence corresponding to amino acid 290 (CGC-CGI,
Arg_Arg); however, this point mutation turned out to be a
silent change, thus representing only DNA polymorphism.
Although the number of male breast cancer samples so far
examined by us are small, unlike females, the male breast
cancer does not appear to have frequent p53 mutations.
Previously, such low _requency of p53 mutations have been
reported in patients with medulloblas_oma (]0%) and
mesotheliomas (20%).
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A GERMLINE MUTATION IN THE DNA-BINDING DOMAIN
OF THE ANDROGEN RECEPTOR IN FAMILIAL MALE

BREAST CANCE_. I
M.R.Stri_tton , R.WoQster , J.Mangi_n 1
R.Eeles I D.Averill', B.A.J.Ponder _,

.Easton" .
Sections of Molecular Carcinogenesis and

Epidemiology, Institute of Cancer Research,

15 Cotswo_d Rd, Belmont, Sutton, Surrey SM2
5NG, UK; "CRC Human Cancer Genetics Research
Group, Department of Pathology, University of
Cambridge, Tennis Court Rd., Cambridge, CB2
IQP, UK.

Breast cancer in men is approximately
one hundred-fold less common than in women.

Among the established risk factors is a
family history of male or female breast
cancer. Although germline mutations in the

p53 gene and in the BrCal gene on the long
arm of chromosome 17 are known to confer a

high risk of female breast cancer, there is
little evidence for high rates of male breast
cancer in kindreds attributable to this gene.

In our set of over 200 breast cancer

families we have encountered only one in
which there were two males affected. Further

investigation revealed that both affected
individuals suffered hypospadias. Sequence
analysis of the androgen receptor gene

revealed a mutation in the second zinc finger
of the DNA binding domain at codcn 607

resulting in a substitution of glutamine for
arginine.

The likelihood of this association being

due to chance is extremely small and we
suggest that the mutation in the androgen
receptor is related to the development of
breast cancer in this family. This is

therefore the first report of a gene which
may predispose to breast cancer in men and of

germline mutations in a steroid hormone
receptor resulting in cancer predisposition.
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COMPLEXITY OF TIlE I IqI3-BASED AMPLIFICATION
EVENTS IN BREAST CANCER
Pierre Szepetowski, Anouk Courseaux, Danielle Perucca-Lostanlen &
Patrick Gaudray. I.(IM('ll, CNRS IIRA 1462, l:acult_ tic Medccinc 06107
NICE, I:RAN('I,L

DNA amplification observed in human cancer is thought to
activate oncogenic functions which participate direclly in the tmnoral
process. This simlAe idea is based on the "one amplicon-one gene"
model derived from in vitro studies on drug resistance. However,
selective forces involved in vivo in tumor growth and metastasis are
such that amplification of several genes -oncogenic or not- may
contribute to tumor progression, even by confering only a slight
selective advantage. "File concept of amplifiable genomic region could
thus be more complex than primarily suspected. Moreover, being
selected either alone or in various _.ombinations, amplicons could
overlap for functional and/or structural reasons. These issues are

particularly critical ill breast c:mccr where DNA amplification is
frequently encountered.

We have started to dissect amplification events taking piace at
l lq13 in nlammary carcinomas, where they witness a rather negative
outcome of the disease. We have shown that (at least) three discrete

sub-regions of l lq13 were amplifiable separately. The central one
corresponds to the area encompassing FGF3 (INT2), FGF4 {lIST) and
BCL 1 which was the first one demonstrated to he amplified in ca 2()%
mammary tumors, lt is tightly associated to the cyclin DI gene
(CCNDI). ()n its telomeric side, tile newly discovered GARP gene
defines additional amplictms for which tile gene under selection has to
be identified.

We have focused our interest particularly onto the region of
11q13 centromeric from BCI. I where DI IS97 has been used to define

apparently independent amplification events. The use of more
centromeric probes confirms tile existence of this amplicon and precise
the boundaries of the area where the responsible gene(s) should be
looked for.
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Chromosome 17 allele I0._ and c-erbB2 ampllfl_'ltlon In breast tumours

Mahvash Tavassoll, Ali Z]aee & Nigel K_rkham

Abstract;,

Chromosomal deletions, o.s.soclatedwith the loss of nor[nal function in tumour
suppressor genes, have been Identified in a variety of both familial and sporadic
human taunters..Although the molecular pathology of breast cancer is not understood,
several studles have dete(_tedchromosomal deletions which have been identified by

the loss of heterozygoslty (I.OH). Prominent amongst these are chromosome 17
deletions, suggesting the Involvement of chromosome 17 located tumour suppreesor
9ene/s in the dsvelopment of breast cancer. We have used a number of polymorphio
markers including VNTR, restric.tlon Slte polymorphisms and microsatellite mnrknrR to
oxsmtne chromosome 17 deletions in 8 panel of 51 malignant turnouts,
Chromosome 17'LOH and ¢._B2 gene amplificafJon was analysed in these tumo{Jr._,
plus their lymph node mete.etQsls. The majority of chromosome 17 deletlotls _ppe_r
to be Interstitial and affect chromosome 17p13,3, near the TP53 locus. Amptlfic_tion
of c-erbB2 oncogene was detected In 22% of breast tumours analysed _IId correlated
with LOH on 17p. Loss of 17p heterozygceity seemed an early event in the
development of breast cancer with no significant correlation to lymph node metastasis
end/or hlstologlcal type of tumours. Our data suggests the involvement of Iocl, dlst_l to
the P53 tumour suppressor gene on short arm of chromosome 1"7in the molecLJlP,r
p_thogenesls of breast cancer.
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FLG/FGFRI and PLAT as markers of amplification

at chromosome 8p12 in breast and ovarian
cancers.

C. Theillet I J Adelaide 2 G Louason I J, - , • , *

Adnane 3 J S Hernandez-Gonzalez I Jr • • , *

Jacquemier 2 P Gaudray 3 D Birnbaum 2, • , * .

iG_n_tique Mol_culaire CNRS URA 1191,

Montpellier. 2 Institut Paoli-Calmettes, Bd
Sainte-Marguerite, Marseille; 3LGMCH CNRS URA
1462 Nice, France.

Two FGF receptor (FGFR) genes, FLG/FGFRI
and BEK/FGFR2 located at 8p12 and I0q26
respectively, are amplified in approximately
12% of primary breast tumors (Adnane et al.,
Oncogene, 1991). We focused our efforts on the
8p12 region and extended our analysis to

another marker of this region, PLAT.
In our series of 173 breast cancers,

FLG/FGFRI and PLAT were respectively amplified
in 14.5% and 15.6% on the cases and both events

were frequently concommitant, but also occurred
independently. In I01 ovarian cancers,
amplification of PLAT (12.7 _o) was observed more

frequently than that of FLGF/FGFRI (4.9%). The
amplification of PLAT in tumors where FLG/FGFRI
showed a normal copy number casted some doubt

on the identity of the gene selected in the
amplicon. Therefore, we undertook an analysis
of the RNA expression of both FLG/FGFRI and
PLAT in a panel of 68 breast tumors showing
normal copy number or amplification at the
concerned loci. The expression pattern of PLAT

excluded this gene since its levels of
expression were, in most tumors,
indistinguishable from those observed in normal

mammary tissue. Contrastingly, FLG/FGFRI showed
variable levels of expression, with
overexpression in amplified and non amplified
samples. We also noticed amplified tumors which

did not overexpress this gene. These results
suggest that neither FLG/FGFRI nor PLAT behave
as targets of the amplification observed at
chromosome 8p12.
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A SURVEY OF GENETIC ABNORMALITIEI:: IN BREAST
CANCER

A.M. Thompson; Department of Surgery,

U1t._versity of Edinburgh, Scotland.

Oncogenes, tumor suppressor genes, ,.j_;owth

factors and hormonal influences may all play an

important role in breast cancer. This study

examined a series of untreated primary breast

cancers for specific genetic abllormalities.

Eighty invasive breast cancers were snap-

frozen in liquid nitrogen at the time of

surgery. DNA extracted from tumor tissue and

venous blood lymphocyte DNA was examined for

loss of heterozygosity at 5 tumor suppressor

loci p53, YNZ22, TIIH59 (all on chromosome

17); DCC and apc - by Southern blotting. The
DNA was also screened for p53 mutations

following PCR of exons 5-9, by the HOT

technique and mutations confirmed by direct DNA

sequencing. Northern blots of RNA from tumor

tissue were compared wlth normal breast for

expression of the oncogenes c-myc c-erbB-2 and

II-ras, the growth factors TGFBI and pS2 and the

tumour suppressor genes p53 and DCC. Full

clinical details and patt_ological parameters

i:]cludil]g tumor estrogen receptor protein
content were documented. Loss of

heterozygosity (LOll) at YNZ (in 60% informative

patlents) was the most common feature, p53

mutation, TIIII59 LOll, LOI{ at the colorecta] loci

(DCC/apc) oncogene or growth factor over

expression each occurred in upto a third of

patients. Genetic profiles for indivldual
tumor:.:; suggested that some ,__ombination of tumor

suppressc)r loss and oncogene ovoro;<prossion was

present but xnd_c<,ted the alversity of genetc

abnormallties invc)lved. This survey points to

future approaches in understanding the

molecular and gci_c,tic abnormal_tlos _n breast
ca!icer.



P53 MUTATIONS AND PROTEIN EXPRESSION IN
ICELANDIC BREAST CANCER PATIENTS:
CORRELATION WITH PROGNOSIS.

Steinunn Thorlacius, Bj0.'rn Thorgilsson, Steinunn
Sveinsd6ttir, Helga M. Ogmundsd6ttir and J6runn E. Ey0Ord
Molecular and Cell Biology Research Laboratory, Icelandic
Cancer Society, Skogarhlid 8, 105 Reykjavik, Iceland.

Loss of a functional p53 allele has been found in a large
proportion of breast carcinomas, suggesting that it plays an
important role in the tumour formation. We have studied
tumour and blood samples from 109 breast cancer patients
for mutations in the p53 gene, allelic loss, protein expression
in tumours and serum, using constant denaturant gel
electrophoresis (CDGE), direct DNA sequencing, Southern
blotting, immunohistochemistry and EL1SA. Mutations in
exons 5. 7 and 8 were found in 17 of the 109 samples (16%).
Loss of heterozygosity was detected with p53 probes in 71%
of the mutated cases. Ali cases were checked for germline
mutations but none were found. P53 protein expression was
detected in ali mutated samples except those with nucleotide
deletions. These data are being analysed for correlations
between p53 mutations, the degree of p53 protein expression
in the tumour, levels of p53 protein in serum as well as
clinical parameters including stage of disease, recurrence of
malignancy, and survival. Preliminary analysis suggests a
strong correlation between p53 mutations and short-term
mortality.
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RAT MAMMARY TUMOR CI;.LLS AS A MOI)F.L TO STU [)Y

FATI'Y ACID I;;FFF.(7"SON p53 EXPRF.SSION

Joanne Kivela 'l'illotson,Zccv Ronai, and Leonard A. Cohen,
Anmrican llealthl:oundation, Valhalla NY 10595.

RHI lllallllll_Iry[ti!llOrsiild[iccdby N-IlitFOSOllle[hvltlreH(N_I[!)or 7,]'_-
dimethvlbenz(a)anthracene (I)M BAl arc cemmonlv used as model systems lo
investigate the modulaling effects of dictar'v factors on breast cancer, lt Ims
been shou,.n that 86':._,of NMI i-induced tumors and 23', ,, of I)M BA-induccd
turnors ca Fry a ca rcinogcn- induced rn ural i_.,n in the tt,'¢-r,'t._'gene ( codon 12 lo1
NMI. J and£'odon 61 lk_r I)MBA). l)ietary fats were not found to affect lhc
frequency of ras mutations in the N Ml.'. mode], vet did affect final incidence
of tru,noes when administered during the promo'tion phase in both models.
Since p53 alterations appear to be late events during carcinogenesis in some
tissue tylx_s, we have investigated whether these Fatty acids migt_t affect
expression and, in turn, activity of the p53 tumor suppressor gene in cells from
these tumor models, h7 v/fro analysi_ of p53 expression was carried out with
2 established cell lines, NMr! (A'I'('(" ('RI. 1743land RBA (AI"C('('RI
17471, derived from rat mammary tumors initialed b\ N M[I and I)MBA,
rest._ct i,,,ely.

When cultured in RPMI rnedium containing 10% I-'BS. both cell lines
over-express p53 as determined by imrnunoc\tochemistr> t,si_g the
monoclonal antibodx clone F'ab 240. [ ising metal_olic pulse chase labeling
t\_llc,wed by immun<'_,precipitatioll and SI)S-PAGE analysis, b,._th cell lines
were found" to express p53 protein with a prolonged lmlt-life of 1 1/2 to 2 hr.
Accumulation of p53 to high levels commonly indicates the presence of a
IIILIILtlal l'orlri of the gcnc, suggesting lh;.ll bolti RBA and NMr; may carry
n_utations in this tumor suppressor gene.

"1o st tid 5 the et'l'c_Cls01"serum concentrations in general, and l'alty acids iii
particular, on p53 protein expression, we exposed NMl.! cells to medium
containing high serum (l(r',i, fetal b,.'_vine serum, I:BS), low serum (!'?i, I:BS).
or lm_, serum plus 1 j.tg;ml linoleic acid (I .A )in the form oi"I.A-BSA COml.",lcxcs.
Growl ta rates t\)r N M I.! cells a rc red t leed by' 30-60" ,, in ]': ,, FBS com pa red v, it h
t(r',, t:BS. v,,hilc addition of IA-BSA complexes results in an intcrrncdiatc
g,rovvt h r'tle,. ,_,.-"Icr "_d't_,.s,...,in. lhc ex.[._erimenl'll, reed iurn. cells were metabolically
labelled ',,,Jth "S-methionine and the level of p53 protein expression was
determined l:'_x immunoprecipitation and :ttltoradiography. We l\_und p53
expression to bc higher in NML7 cells maintained in lo_,_,serum (l".;,) than in
those gro,,_ n in high serum (!0",,.1. or tllosc exposed to low serum in tlw presence
of IA-BSA. Inicrestingl_.ihcincrcascd p53cxprcssion iri cells grown in low
st.'rum v, as l\)[.llld IO corlct_.tlc with their shm.cr grc,,atll rate. and lilt abilily of
I.A-BSA lo increase growth rate is c_msistent ,aitt_ it_ itctivil_, ill redtlcing 1-,53
expression.

These ,qudies ,._uggest m_t ol_l3 thal b_th NM[' _m.t l)MBA-induccd rat
lladllalllarv l timor cells rn'a',, co_'Hain p53 gene mutations, bul al'so thal levels of
p53 pre, loin synthesis rna.,, be inl'lucnccd t_\ fatty t*cid ]c',cls i_ a rc]aliox}ship
that is tt_¢ in,,ersc of the growll_ rate.
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MISSENSE POLYMORPHISM (C/T224) IN THE HUMAN
CATHEPSIN D PRO-FRAGMENT DETERMINED BY PCR-SSCP
ANALYSIS AND POSSIBLE CONSEQUENCES ON PRO-
ENZYME ROUTING IN CANCER CELLS

I. Touitou 1, F. Capony 1, J.P. Brouillet2, and H. Rochefort 1,2,
IlNSERM, Unit6 Hormones et Cancer (U 148); 2Laboratory of
Cell Biology, Montpellier University ; 60 rue de Navacelles, 34090
Montpellier. France.

Overexpression, in human breast cancers, of the
lysosomal protease cathepsin D is associated with a higher risk
of relapse and metastasis (1) and pro-enzyme routing is altered
in several tumoral mammary cell lines, leading to its
hypersecretion (2). The MCF7 cell line carries a C --> T mutation
at position 224 which converts Ala n°7 to Val within the cathepsin
D pro-fragment, as compared to the normal cathepsin D
sequence (3). We used a PCR-SSCPprotocol to discriminate the
genotypes according to the type of base (C or T) at position 224.
A quick purification step of PCR products and a high
polyacrylamide concentration in the SSCP gels were required to
discriminate C/T224 heterozygotes from C/C224 homozygotes.
The variant T allele was found to be carried in 25% of genomes
and equally distributed in 22 cancer cell lines, 30 breast cancer
tumors and 31 normal tissues. Moreover, genotypes were
identical in matched sets of tumoral mammary cells and normal
white blood cells from the same patients. The C/T224 transition is
thus not caused by a somatic event but polymorphism. However,
this missense polymorphism might facilitate increased secretion
and delayed maturation of pro-cathepsin D in breast cancer cells
when the gene is overexpressed by increasing hydrophobicity of
the pro-fragment.

1. F. Spyratos et al., The Lancetii, 8672, 1115-1118, 1989.
2. F. Capony et al., Cancer Res. 49, 3904-3909, 1989.
3. P. Augereau et al., Mol. Endocr. 2, 186-192, 1988.
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Breast cancer formation in transgenic animals Induced by the WAP-SV-T

hybrid gene

YIn-Jeh "rzeng, Eva Guhl, Monlk8 Graessmann and Adair Graessrnann.

Institut fuer Molekutarbiologle und Biochemie der Freien Universitaet Berlin,

Arnimallee 22, 1 Bedin 33, Germany

Abstract;

After injection of the WAP-SV.'I hybdd gene Into fertilised mouse eggs, elght

independent transgenic mouse lines were obtained. Femalos from three lines

developed mammary carcinomas with high frequency, coinciding mostly with

lactation, In contrast to the endogenous WAP gene, expression of the hybrid

gene continued after lactation. Th_ tumor cells had a very invasive growth cha-

racteristic, Tumor regression in vivo was not observed, However, a_c* transfer

Into tissue c,ult_Jre25% of the cells ceased to express the hybrid gene and acq-

uired the growth characteristic of normal celt..q,lt was possible to retransforrn

these cells by Injection of wt SV40 DNA, but not after transfer of the hybdd

WAP-SV-T gene.
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RETINOIC ACID RESISTANCE OF ESTROGEN-
INDEPENDENT BREAST CANCER CELLS COINCIDES WITII
DIMINIStlED EXPRESSION OF FUNCTIONAL RETINOIC
ACID RECEPTORS

Bart van der Burg, Bas-jan M. van der Leede, Linda Kwakkenbos-
Isbrficker, Simone Salverda, Siegfried W. de Laat, and Paul T. van
der Saag. Hubrecht Laborator3,, Uppsalalaan 8, 3584 CT Utrecht,
The Netherlands.

Breast tumors often are estradiol (E2)-dependent initially, but they
tend to loose this dependency upon progression. While retinoic acid
(RA) strongly inhibited proliferation of the E2-dependent breast
cancer cell lines MCF7, T47D, and ZR75-1, the E2-independent and
E2 receptor (ER) negative lines MDA-MB231, MDA-MB468, BT20
and Hs578T were refractory to the inhibitory effects of RA. The
specific sensitivity of the E2-dependent cell lines seems not to be

caused by an i_:hibitory effect of RA on the E2-induced signal
transduction pathway. In the first place, RA inhibited the
proliferative response of these lines not only to E2 but also
background proliferation and that induced by insulin. Furthermore,
although RA receptors (RARs) can inhibit ER activity when
overexpressed, endogenous RARs hardly impaired transcriptional
activity of the ER in transient transfection assays.

RARoe mRNA was highly expressed in the RA responsive lines,
but not in the unresponsive lines, except BT20. With the exception
of Hs578T, also RAR,B mRNA expression was low in the
unresponsive lines. While in the dependent lines and Hs578T RA
activated RA responsive element-dependent transcriptional activity,
this response was very low in MDA-MB231, MDA-MB468, and
BT20, suggesting tha __the RA resistance of these latter three ER-
negative lines is due to underexpression of functional RARs. Our

results suggest that the loss of functional RARs may be a frequent
event, leading to RA-unresponsiveness of ER negative breast cancer
cells. This implies that both the steroid- and retinoid receptor status
of breast tumors may be used to predict a successful treatment with
retinoids.
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AMPLIFICATION, EXPRESSION AND REGUI.ATION OF CYCLIN

GENES IN HUMAN BREAST CANCER.

CK Watts, MF Buckley, KJ Sweeney, R Sini, ]A Hamilton, DL Manning+,

RI Nichoison*, A deFazio, EA Musgrove, RL Sutherland. Cancer Biology
Division, Garvan Institute of Medical Re._arch, St Vincent's ttospital,

Sydney, NSW 201(), Australia; and *Breast Cancer Laboratory, Tenovus
Cancer Research Centre, Cardiff, Wales, United Kingdom.

Cell cycle progression is coordinated by the action of cell division
kinases in association with their regulatory subunits, the cyclins.
However, data on the expression of cyclin genes in breast cancer are
limited. These genes potentially mediate the effec_,_ of breast cancer cell

mitogens and growth inhibitors and are als¢) candidate oncogenes. To
investigate these possibilities we have analysed the mRNA expression of
the G1-phase C, D1 and E cyclin [genes in T-47D breast cancer cells
stimulated by insulin to progress semi-synchronously through the cell cycle
under ,,-_,rum+free conditions. Secondly, we have studied cyclin genes in 20
human breast cancer cell lines and 148 breast tumor .,.rumples by _)uthern
and Northern blot analysis.

In T-47D cells, cyclin D1 mRNA was induced within 2 h of insulin
treatment (10 _g/ml), to a maximum of 2- to 3- fold. This increase was
maintained until 12 h but declined to control levels by 24 h. The increase in

cyclin E mRNA was of similar magnitude but occurred later, at _2-15 h, and
was accompanied by an increase in histone H4 mRNA as cells entered S

phase. Cyclin C mRNA levels were constant through the cell cycle. IGF-1
and fetal calf serum, both potent mitogens for these cells, also stimulated
expression of cyclins D1 (6h) and E (18h).

Northern and S_)uthern blot analysis produced the f¢)llowing results-

cyclin A: mRNA apparently highly expressed without gene amplification
in the MDA-MB-157 and BT-549 cell lines; cyclin B: highly expressed
without amplification in the BT-549 cell line; cyclin C: neither highly

expressed nor amplified; cyclin D1: amplified and highly expressed in the
MDA-MB-134, -330, and -453 cell lines, amplified but not highly

expressed in the MDA-MB-175, -361 and ZR-75+I cell lines, and highly
expressed but not amplified in one of three MCF-7 sublines; cyclin E:

amplified and highly expressed in the MDA-MB-157 cell line. No gross
structural rearrangements of any cyclin gene were detected by Southern
analysis. Thirty of 148 tumor samples (20%) also highly expressed cyclin
DI mRNA.

The_" data are consistent with a role for the Gl-phase cyclins 191 and E

in mediating mitoF, enic respcmses in breast cancer cells and show that
cyclin D1 is commonly dysregulated in human breast cancer cell lines and
tum()rs.
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CHARACTERIZATION OF CALMODULIN-LIKE PROTEIN (NB-
l) WITH RESTRICTED EXPRESSION IN EPITHELIAL TISSUES
AND REDUCED ABUNDANCE IN TRANSFORMED HUMAN
MAMMARY EPITHELIAL CELLS

P. Yaswen, J. Stampfli, and M.R. Stampfer, Life Sciences Division,
Lawrence Berkeley Laboratory, Berkeley, Calitkm_ia.

Because of the central role that calcium regulation plays in both
growth and differentiation of epithelial cells, proteins involved in
calcium rnediated pathways are potential targets of carcinogenic
chan,.z,es_.. The NB-1 ,..'-zeneencodes a 16 kD protein which is identical
in size and shares 85% amino acid identity with hunmn calmodulin,
the well characterized primary mediator of intracellular responses to
calcium fluxes. In contrast with calmodulin, which is expressed
ubiquitously in human tissues, expre._ion of NB-1 mRNA and protein
is limited to certain cells of pseudos'ratified and stratified epithelial
tissues. Using specific polyclonal antibodies developed ip our
laboratory, we have localized the expression of NB-1 protein in fixed
tissue sections ft'ore histologically normal human breast, prostate, skin
and cervix. In each of these tissues, NB-1 showed a unique pattern of
expression. In the normal breast, NB-1 staining was most abundant in
basal cells surrounding small ducts, but was also found in luminal
cells surrounding small ducts and in basal cells around large ducts. In
several tissue sections from infiltrating breast ductal carcinomas, NB-
1 protein expression was reduced or absent in comparison with
normal tissue. This finding correlated well with in vitro studies,
where reduced NB-1 expression was found in imnaortally and
tumorigenically transformed derivatives of nonnal human m:unmary
epithelial cells. Expanded inm_unohistochemical studies are now
being conducted to determine at what stage(s) of carcinogenic
progression and in wha.t type of lesions NB-1 expression is likely to
be downregulated or lost.

Given its restricted distribution, the NB-1 protein may be
involved in the initiation or maintenance of certain differentiated
functions. In the presence of calcium, cahnodulin has been shown to
bind to and regulate a variety of cellular proteins, including many
protein kinases. Using recombinant NB-1 protein, we have shown
that, like calmodulin, the NB-1 protein is capable of displaying
calcium dependent binding interactions with a number of human
mammary epithelial cell proteins. However, in vitro studies of
enzyme activation (Yaswen, P., George, S., Cruzalegui, F. and
Means, A., unpublished results) have shown that NB-I protein can be
functionally distinguished from calmodulin. Experiments are now
under way to isolate and identify human nlammary epithelial cell
proteins which are preferentially bound and regulated by NB-1
protein.

81



SINGLE DOSE RADIOLIGAND BINDING ASSAY FOR THE
MEASUREMENT OF THE EPIDERMAL GROWTH FACTOR

RECEPTOR (EGFR): OPTIMIZATION OF THE METHOD AND
ANALYSIS OF HUMAN PRIMARY BREAST CARCINOMAS

R. Zeillinger 1, P. Speiser 1, K. Czerwenka 1, U. Pruckner 1,
Ch. Oberkanins 2, F. Kury 2 and E. Kubista 1
1First Department of Obstetrics & Gynecology, University of Vienna
2ViennaLab, Labordiagnostika GmbH, Vienna, Austria.

Besides nodal status, tumor size, nuclear grading and steroid receptor
status, the epidermal growth factor receptor (EGFR) status may be
used to predict disease-free and overall survival of breast cancer
patients. Furthermore, EGFR has been reported to be an even better
parameter for the response to the anti-estrogenic drug tamoxifen
Irnmunohistocherrlical procedures and some immullo assays are
available, but most authors report the use of radioligand binding
assays. However: most of these binding assays are not comparable,
since they differ greatly in the preparation of mernbranes, quality of
iodinated EGF, separation of bound frorn free ligand, and cut-off
points used. Therefore, we have designed a sensitive and
reproducible single dose radioligand binding assay for the routine
analysis of tumor sarnples. Briefly, the most important component of
the assay is HPLC purified EGF, enzymatically radiolabeld using
immobilized lactoperoxidase/glucose oxidase and purified by reversed
phase chromatography. The specific activity is determined by binding-
and displacement analysis. The affinity of iodinated EGF is equal to
that of unlabeled EGF. This tracer is stable for at least 4 months

without any increase tri unspecific binding. For the measurement of
unspecific binding a 200fold excess of unlabeld EGF is used, EGF
being supplied irl a iyophilized form in "ready to use" reaction tubes.
The separation of bound from unbound ligand is accomplished by
coprecipitation of carrier proteins with PEG. In general, unspecific
binding is less than 5% of the total activity, intra assay cv about
3.5%, and inter assay c.v. less that 10%. An excellent correlation
between data from this single dose assay and data obtained by
multipo_nt scatchard analysis has been noted For the determination
of the mernbrane protein content a modified BCA method (PIERCE)
preceded by the solubilisation of membranes is used. The assay is
linear for protein concentrations between 0.15 rag/ml and 075 mg/ml.
EGFR was deterrnined in membrane preparations of more than 500

primary breast carcinomas Measurable receptor concentrations
ranged from 1 fmol/mgto768fmol/rngmernbrane protein Arbitranlya
cut-off value of 5 fmol/rngwas choosen These data will be discussed
ir_ respect to estrogen and progesterone receptor status, h_sto-
pathological and clinical data
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LOSS OF HETEROZYGOSITY ON CHROMt)SOME 17 IN ItIJMAN
OVARIAN CARCINOMA.

M. Ziegler _, F. Xynos-', D. Gersell a, and N. Phillips _, _Pathology and
"-Obstetrics/Gynecology, St. Louis University School of Medicine, St. Louis,
Missouri and Pathology, CWashington University School of Medicine, St.
Louis, MO

Twenty-_ven ovarian carcinomas (('as) and 3 ovarian tumors of low

malignant potential (tkMPs), a clo_ly related malignant epithelial tumor
that pre_nts at younger ages, has slower progres,_ion, and better stage-for-

stage prognosis than Ca, were examined for loss of heterozygosity (LOH )on
chromosome 17. We studied 15 loci, 6 on the p arm (144D6($341,

YNZ22(S30), YN H37.3($281, php53B(TP531, MCT35.1($31 ),EW3(11($5811
and 9 on ,,heq arm (EW207($731, EW 102($4 !), CMM86($741, EW 1()1($401,

HG7Bg4Apa3(prohibitin), p63 (RARA), pNM23-tl i(NM23), TH tt 59($4),
and RM U3($241. 90'q/;,of the tumors had some t.Ol-t. Thirteen tumors, ali

high-stage (11I, IV) Cas, had LOll at ali inforrn,_tive (inf.)loci, possibly
representing monosomy. Fourteen tumors had LO'_t at ,,_omebut not ali inf.

loci: 13 were Cas, 6 low-stage (!,!!) and 7 high-stage(lll,iVh and the other
was a tLMP. Three tumors were heterozygous at ali inf. loci, the other t_o
tLM Ps and an extremely well-diftbrentiated Ca. "lhe 3 tLM Ps had I t.()tt/I 5

total inf. loci versus 109 LOH/159 loci in the 27 Cas. YNZ22 had the highest
LOH rate of ali loci, 94"/,,, and this locus constituted the single p arm

common region of deletion bracketed by 144D6 (LOll 56'_,1 and by
YNH37.3 and TP53 (LOH 67°/,,). Three tumors had LOt! only at YNZ22;

one, a tLMP, was also intbrmative and heterozy yous at TP53. There may be
a _cond locus on pl 3 distal to TP53 involved in ovarian carcinogenesis, as

has been suggested for breast Ca (Sato et al Ca Res 51:5794, 1991). ttigh
LOH rates were also noted at EW301(pl I)(82'?/,,_, a q21 cluster including

EW 102, CMM86, EW 101, and prohibitin with LOI t of 63-75';,_,,and T1t[t59
169°/,,). CMM86 has _een linked to early-on_t familial breast Ca and breast
ovarian Ca (Hall ct al. _ 255_Q:1684,199_);Narod et al Lancet _j_b._h:82,

1991). One carcinoma has its only LOH at the prohibitin locus. ()n the p

ann, there is a single common region of deletion on pl 3.3 separated from a

_cond high LOH locus at pl 1.2 by a low LO[t (38'7,) locus. The q arm has
diffu_ly high LOH at loci distal to q12 but does not ha,,e a clear common

region of deletion.
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DOWN REGULATION OF GAP JUNCTIONAL

COMMUNICATION IN BP, EAST CANCER

R. Sager 1, C. Tomasetto 1, M. Neveu 1, S. l.ee 1,'-',_ lDana-Farber
,.,) , . ,

Cancer Institute, Boston, MA; "-Division oi Cancer Biology,
Univ. of Michigan Medical School, Ann Arbor, Ml.

Gene expression may be lost either by a change in DNA,
referred m as Class !, or by a change in regulation (Class II).
We stress the therapeutic importance of Class 11 chan_,es
because they are potentially reversible by treatmet_:, e.g.
drugs. By subtractive hybridization we select candidate tumor
suppressor genes expressed in normal human rnamnlary
epithelial cells but not in breast tumors. Connexin encoding
genes _ and _. were found by this method. Connexins
form gap junctions, which funclion as channels of direct
comn_unication for adjacent cells in solid tissues, transferring
small molecules such as ions and second messengers up to
about 1 kDa.

The hypothesis that gap junctional intercellular
communication (GJIC) contributes to normal growth

regulation is supported by its absence in most solid tumors and
by the correlation between transformation and loss of GJIC in
experiments using rodent fibroblast cell lines.

We have shown that the loss of GJIC in breast cancer is

regulated transcriptionally, leading to the absence of mRNA,
protein, and GJIC in tumor cells grown in culture.
Furthermore, in vivo, immunocytochemical staining has
revealed the presence of conncxin protein in normal lumenal
mammary epithelium but not in preliminary studies of 8
t un_l o rs.

Transfcction of either _or_ (under control of an

exogenous promoter) into non-expressing tumor cells has led
to rc-expression of mRNA, and protein, and restoration of
GJIC. Of most significance for potcntial therapy, we have
found that _ can be induced to rc-express in breast cancer

cell lines by treatmcnt of cells with phorbol ester. Thus,
tumor cells have lost GJIC as a conscqucncc of down-
regulation of Cx26 ar,d Cx43 genes, but thc wild-type gene is
still present and can bc induced to re-express.
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S,6OM.E.IYSiN-? A MARKFf{ OF BREAST CANCER
Pr4OGRFSS':L:)"_,,
P Basset, C '¢,/o7f, J P. Bellocq, M.C. R_o and P. Ctlambon
LGt'_E/CNRS-U!B,I,'tNSERM, institut de Chimie Biologiqse, Facult6
ce ,, ,_,..,.... "e, 1I rue t-tumann, 67085 Strasbourg ,,.,@dex,France.

Mat-ix met.aliop,oteinases (MMP) are believed to play an important
role Jr_',,_,,,..r..... invasion and metastasis. The MMP family comprises
,ype i r',",l'r,n;_r,_.._....._,.-;.,,;,ses,type IV collagenases and stromelysins In the
later 9roup. stromelysin-3 (ST3) has unique characteristics. ]-he
S13 substrate(s)is presently unknown, but the sequence differs
#rdf: ,...,,,_.,.t,...uslydescribed MMPs, in ways suggesling lhal the new
MMP may be Oistinct in its activation properties and its substrate
spec;i_city. ST3 RNA has been found in ali the invasive breasl
carcinomas so '_artested, and in some in situ carcinomas, which are
offer,, of the comeoo.type ST3 lranscripls are exclusively observed
_r__'b,oi.::,!astiCcells immediately surrounding cancer cells. S'13 gene
expression can be detected in breasl cancer metastase_ observed
ir_ lymph nodes, skin, bone, liver and pleura. Although t_e
expression pattern of S]3 gene is characteristic of lhe new MMP,
several tines of evidence suggest thai ST3 may cooperate in tumor
_r_vasion with other' proteinases and extracellular matrix
components, also produced by tumoral fibroblasts of bred,st
CB rCirlO_ a S



MOLECULAR BIOLOGY OF CATHEPSIN D TRANSCRIPTION
AND SECRETION IN BREAST CANCER CELLS
H. Rochefort, P. Augereau, V. Cavailles, F. Capony, F. Mirall@s, I.
Touitou, E. Liaudet and M. Garcia. Hormones and Cancer LJnit
(U 148) INSERM, and Faculty of Medicine, University of
Montpellier 1,60 rue de Navacelles, 34090 Montpellier, France.

High catt_epsin D concentration in breast cancer cytosol is
associated with a higher risk of distant metastasis and breast
tumor cells overexpress cathepsin D gene in both estrogen
receptor positive and negative breast cancer cells. This enzyme
has the potential to degrade components of extracellular matrix at
an acidic pH and to activate or inactivate several proteins
involved irl the control of tumor cell proliferation and invasion. In
this talk, we will mostly consider the mechanisms by which
estrogens and antiestrogens regulate cathepsin D gene
transcription and pro-cathepsin D secretion in ER positive breast
cancer cells. The cathepsin D promoter of the MCF7 cells has
been cloned and studied for functional estrogen responsive
elements (EREs). Two non-canonical EREs located at -261 and -
354 and acting in synergy, have beer,, demonstrated to bind in
vitro estrogen receptor and to mediate activation of transcription
of a TK-CAT reporter gene. Moreover, this promoter has mixed
property with at least 3 transcription start sites located upstrcam
a TATAA box, and an estrogen regulated start site located
downstream the TATAA box. The mRNA length therefore varies
according to the presence or absence of estrogens. The
secretion of pro-cathepsin D is increased in breast cancer cells
lines (both ER . and -), and its mechanism involving saturation of
the Mannose-6-P/IGFII receptor and another membrane bound
transport system will be discussed in addition to the significance
of a T ---)C, Ala--_ Vat rnissense mutation of the pro-fragment
which nas been identified by PCR-SSCP analysis as a
polymorphism.

Further studies will aim to determine whether there is an
alteration of these regulations in cancer cells, compared to
normal estrogen responsive cells, and its possible consequence
on metastasis.
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TRANSFECTION AND BIOCHEMICAL ANALYSIS OF NM23 FUNCTION.

P. Steeg 1, M. A. Benedict 1, N. J. MacDonald 1, U. Flatow 1, A. DeLaRosa 1,
B. Zetter 2 and A. Leone 1. 1Laboratory of Pathology, National Cancer
Institute, Bethesda MD" 2Department of Surgery, Harvard Medical
School, Boston MA.

The human MDA-MB-435 breast carcinoma cell line has been

reported to metastasize upon injection into the mammary fat pad of nude
mice (Price et al. Cancer Res. 50:717, 1990). MDA-MB-435 cells
were transfected with the full length nm23-H1 cDNA linked to a
constitutive CMV promoter, and two stable high expressing clones
identified (Hl-170, H1-177). As controls, MDA-MB-435 cells were

transfected with the CMV expression construct without a cDNA insert,
and two clones randomly selected (C-100, C-103). The nm23-H1
transfectants exhibited differences in properties related to both
tumorigenicity and metastasis, as compared to the control transfectants.
This included a reduced in vitro growth rate at low passage number,
reduced colonization potential in soft agar, altered responsiveness to
TGF-#, and reduced migration in response to serum, PDGF, IGF or AMF.
Upon injection into the mammary fat pad of nude mice, only the highest
expressing nm23-Hl clone, H1-177, produced primary tumors that
were smaller than control clones, and only from low passage number
cultures. These in vivo data stand in contrast to the in vitro growth and
colonization data, and stress the importance of orthotopic injections
where epithelial-stromal interactions and local production of growth
factors may be important. Both the H1-170 and H1-177 clones

produced draining lymph node and lung metastases in significantly fewer
animals than the control clones. The data indicate that nm23-H1 can

exert a negative regulatory effect on breast cancer progression.
Three biochemical properties of nm23 proteins are under

characterization. Both the nm23-H1 and nm23-H2 proteins have
nucleoside diphosphate kinase (NDPK) activity, which transfers a
terminal phosphate among nucleoside di- and triphosphates and involves
a high energy phosphohistidine intermediate. A leucine zipper like motif
is also present on nm23 proteins, and was the subject of mutation in a
stage IV human neuroblastoma tumor. In addition, we have observed that
incubation of nm23 with 32p-yATP or -orthophosphate resulted in both
phosphohistidine and phosphoserine labeling in vitro and in vivo,
respectively. In vitro, nm23-H1 protein labeled on a serine residue to a

greater extent than did nm23-H2. The phosphoserine bond energy is
insufficient for subsequent transfer of the phosphate to a nucleoside
r:iphosphale, establishing the nm23-phosphoserine form as being
d_stinct from its NDPK activity.
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