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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 Ceilular and Molecular Biology, National
Cancer Institute, National Institutes of Health, Marylard: Aberrant
growth factor signaling pathways in human breast cancer. 1
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Chairperson: 1.C. Henderson, University of California, $ian
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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 carncer ris:: and
precursor lesioris of breast cancer. 2

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



Norton, L., Memorial-Sloan Kettering Cancer Center, New York. New
York: Biokinetic implications of the systemic therapy of huiman
breast cancer.
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Chairperson: M.-C. King, University of California, Berkeley

Friend, S.H., Barbier, N., Frebourg, T., Mclintyre, 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.,? Smith, S.A.,' Easton, D.F.,? "CRC 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
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Catlahan, R.,! Cropp, C.," Merlo, G.," Steeg, P.,! Liscia, D.,° Lidereau,
R..® 'National Cancer Institute, National Institutes of Health,
Bethesda, Maryland; “Anatomic Pathology, S. Giovanni Hospital,

Torino, ltaly; 3Centre Rene Huguenin, St. Cloud, France:
Molecular lesions in sporadic human breast carcinomas. 7
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Wine and Cheese Party
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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
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Band, V.,' Deimolino, L., Dalal, S.,2 Androphy, E.,23 Depts. of
'Radiation 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
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United Kingdom, 4ICRF Clare Hall Laboratory, Potters Bar, Herts,
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Zimmerman, W.,3 Barrett, J.C.,' Wiseman, R.W.,' 'Laboratory of
Molecuiar Carcinogenesis, National Institute of Environmental
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Pharmaceutical Research Institute; >Fred Hutchinson Cancer
Research Center, Seattle, Washington: Biology of EGF-related
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ABERRANT GROWTH FACTOR SIGNALLING
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 m and/or overexpression ot genes
encoding growth factors or their receptors contributes to a
wide variety of human tumors. Other genes that act carly in
the intracellular transduction of growth factor signals are
commonly implicated as oncogenes as well. Efforts 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 which appear to be
major paracrine effectors of normal epithelial cell
proliferation. Mechanisms by which these factors may
influence breast tumor progression will be discussed. Finally,
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
PRECURSCOR LESIONS OF BREAST CANCER

David L. Page, Department of Pathology, Vanderbilt University
Medical Center, Nashville, Tennessee.

Specific combined histologic and cytologic patterns of
epithelial  hyperplasia indicate a risk of breast cancer
development of four times the general population in only 5-10%
of women with otherwise benign biopsies.  The length of time
at risk is probably best limited to 10-15 years, as longer
periods of prediction are nol well-supported by currently
available experience. The histologic categories which are
Enked to these moderately increased risk indicators consist of
specific combined cytologic and cellular pattern criteria of
"atypical hyperplasia.”  Specilic  histopathologic  lesions
indicating varied levels of subsequent risk of the development
of invasive breast cancer have gained further acceptance and
corroboration from analogous studies in the last five years.

Several studies have indicated an appreciable interaction
between atypical hyperplasia and other non-anatomic risk
factors, particularly a family history of breast cancer. Also,
lower dosage estrogen replacement (specifically conjugated
preparation) alter menopause does not appear to further alfect
risk in any histologically defined group.

Probably only non-comedo examples of ductal carcinoma
in-situ may be regarded as true precursor lesions in the human
breast, and they are not to be regarded as obligate precursors.
Currently, most molecular markers are useful only in more
advanced lesions such as comedo carcinoma in-situ.



EARLY EXPERIENCE WITH A MODIFIED HORMONAL
CONTRACEPTIVE AIMED AT REDUCING BREAST-CELL
PROLIFERATION

M.C Pike, D.V. Spicer, R. Rude, and L.A. Pike
University of Southern California Medical School
Los Angeles, CA 90033-9987

Use of combination-type oral contraceptives is known to
significantly reduce a woman's risk of both endometrial and ovarian
cancer. The reasons for these effects are essentially understood.
Qur 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
ovary However, the critical mass of knowledge niow exists to
permit the design of a hormonal contraceptive that should reduce
breast cancer risk

We will show that the design requirements of a hormonal
contraceptive to reduce all three major female cancers are’

Endometrium Reduce exposure of the endometrium
to 'unopposed' estrogen

Ovary Reduce the frequency of ovulation

Breast Reduce exposure of the breast to
‘estrogen plus progestogen'

A prototype contraceptive regimen to achieve these aims is
currently in chinical trial at our institution

The regimen 15 based on using a GnRHA agonist to prevent
ovulation and 1 give just sufficient add-back steroids to prevent
any harmful consequences of the GnRHA-induced
hypoestrogenena

Preliminary results from this trial will be presented



LESSONS TO BE REMEMBERED FROM THE LI'DENTIFICATION OF THE
FIRST BREAST CANCER SUSCEPTIBILITY GENE, p53.

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

MGH Cancer Center, Charlestown, MA 02129

. Mclntyre,

It has been estimated that 5% of the over 150,000
womaen in the US who develop breast cancer each year
may carry germline mutations in breast cancer
susceplibility genes. The significant helerogeneity in
the hereditary forms o1 ureast cancer places
polentially significant impedimenis to many cloning
strategies thal depend on the analysis of multiple
families. We felt that one method to overcome these
hurdles was first to focus on families with a unique
clustering of breast cancer which might represent
inactivations a simple breast cancer susceplibilily
gene. The LI-Fraumeni Syndrome (LFS) has been
delined as the occurrence of cancers in three close
relations under the age of 45, one of who has a
sarcoma. In families with LFS, breast cancer is the
most frequent malignancy. By using a candidate gene
approach, we Identified germiine pS3 mutalions in
affected members of LFS families. Since then we have
developed rapid screening techniques which have
allowed us to suivey several high .populations. It
has also allowed us to determine the frequency of de
novo germling p53 mutations in women with breast
cancer. Because of a concern that some p53
mutations not recognized as common polymorphisms
might have variable elfects in Increasing cancer
risk, we have developed several funclional assays by
which to test whether specific mutations inactivate
p53. These sludies with the germline p53 mutalions
should serve as a prolotype for working with
mutations In other more commonly altered breast
cancer susceplibility genes.




MOLECULAR GENETICS OF FAMILIAL BREAST-OVARIAN
CANCER

LALJ. Ponder1, S.A. Smith1, D.F. Eastonz,

CRC Human Sancer Genetics Resea.rch Group,
Cambridge; “Section 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 17gq12-21, 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, 1llp, l6q, 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
lip (%*=1C.82, p<(C.01l) and 17p (x*=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 1lp and 17p had
metastasis to a regional lymph-node(s), compared
to 24 of 32 (75%) patients with tumors that had
lost both 11lp and 17p. These results suggested
that accumulation of genetic alterations,
including loss of function of tumor suppressor
genes on chromosomes 3p, 13q, 16g, 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 17gl2-21 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!, Craig Cropp!, Giorgio Merlo!, Patricia Stceg!,
Daniel Liscia?, and Rosettc Lidercau3. INational Cancer Institutc,
Bethesda, MD 20892, 2Anatomic Pathology, S. Giovanni Hospital,
USL-1, Torino, lialy, 3Centre Renc 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%), 1q (20%). 3p (30%). 7 (41%), 13q (30%), 17p (49%). 17q
(29%), and 18q (34%) in our pancl of primary breast tumor
DNAs. Specific subsets of tumors could be decfined based on the
particular collection of mutations they contain. One goal of this
study has been to determinc whether there is a significant
association between specific mutations and clinical paramecters
of the disease. For instance, LOH on Chromosome 7 in tumor DNA
is associated with patients that have a shorter discase-free
period (p=0.00022) and poor overall survival (p=0.0036). In
addition, we have rccently found that mutations affecting
chromosome 17p are associated with breast tumors having a
high proliferative index, a paramcter closely linked to poor
prognosis. We have begun to scarch for putative tumor
suppressor genes within the regions of the genome affected by
LOH. There are two apparcnt target loci on chromosome 17p. Onc
of these is the p53 gene. The other is an as yet undcfined locus
telomeric to the p53 gene. On chromosome 17q, loss of expression
of the ~M23 gene in tumors was also found to be linked 10
patients having a poor prognosis (p=0.018). Although a
significant trend (p=0.044) was found between LOH of thec NM23
gene and loss of NM23 expression, no point mutations were
found within the coding region of the NM23 genc by SSCP or
nucleotide scquence analysis. These and others results suggest to
us that there may be potential tumor suppressor genes both
centromeric and telomeric of the NM23 locus on chromosome
17q.



RETINOIC ACID RESPONSE IN BREAST CANCER CELL LINES
N. Ahuja. G. Huper, J. Iglehart and J. Marks, Dept of Surgery,
Duke University Medical Center, Durham, North Carolna.

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. These
receptors function by binding to cis-acting DNA  sequences
termed retinoic acid response elements (RARE). We examined
RA pathways in breast epithelial cells by transient transfection of
chimeric DNA constructs containing RARE modified promoters
linked to chloramphenicol acetyl transferase (CAT). CAT
activity was used as a measure of RA response. Ten established
human breast cancer cell lines were transiently transfected with
RARE-CAT constructs and treated with 10°M RA. Eight out of
ten cell lines showed greater than 20 fold induction of CAT
activity upon treatment with RA. Short term cultures of normal
mammary epithelial cells responded to a similar magnitude. Two
cell lines, MDA-MB-231 and MDA-MB-468, showed less than
five fold induction of RARE-CAT expression. Co-transfection of
an expression plasmid for the RAR-a 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 breast cancer cell lines appear to be
defective in RA signalling pathways and insensitive to growth
mhibitory effects of RA.



ASSOCIATION OF HER-2/neu ONCOGEN AMPLIFICATION
WITH LOW NATURAL KILLER CELL ACTIVITY IN BREAST
CANCER 1

P.Aiginger ', C.wiltscgke , B.Tygl , A.Steininger R
J.3pona;, R.Zellinger , F.Kury , K.Czerwenka , E1
Kubista™, P,Speiser”, P.Preis and C.C.Zielinski
11st Dept.Internal Medicine and 21st 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 chromium-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 HER-2
protein overexpression (57,3+11,0%; p- 0,006;
46,1410,1%; p. 0,005; 20,8+8,4%, p “0,02). NK-
activity wes never increased with HER-2/neu over-
expression. Thus there was a significant correla-
tion of cytolytic effector cell activity with
HER-2/neu expression (p=C,006), and HER-2/neu
overexpression correlated with a negative hormone
receptor status (p=0,004). In conclusion, these
data add further evidence to previous observations
from this 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 17Qq12-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 lod scores (22.3) belongs to the “later
onset” (>45 years) category of tamilies while the converse
is true for one family without 17q linkage. Linkage
heterogeneity in familial breast cancer is thus confirmed,
but no correlation is seen with clinical parameters.

Interestingly, prostatic cancer is the most frequent
malignancy after breast cancer in our families (12 cases
total, all metastasizing), and is especially prevalent in
males presumed to carry the trait. Of 16 obiigate 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.



ASSOCIATION BETWEEN pl85HERZ  SIGNAL  TRANSDUCTION  AND
CISPLATIN-INDUCED CYTOTOXICITY IN HUMAN BREAST CARCINOMA
CELLS

CL Arteaga, SJ Stewart, TL Carty-Cugger, 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 (HER-2/neu) proto-oncogene encodes a 185-Kda
transmembrane glycoprotein with intrinsic tyrosine (tyr)
kinase activity. Specific antibodies against pl85 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 passible relationship
between the receptor signal transduction and cisplatin-
induced cytotoxicity wutilizing the human breast cancer
SKBR-3 cell line and the monoclonal TgGl TAb 250 raised
against pl85. TAb 250 induced tyr phosphorylation of pl85
and of the receptor substrate phospholipase C (PLC)-vl.
Simultaneously, PLC-yl activity, measured by [3H]-PIP2
hydrolysis, was increased 61%12% above control, and 20% of
the total cell PLC-yl protein translocated to the membrane
after antibody treatment. Tyr phosphorylated pl85 was
detectable in Western Llots of PLC-y1 immunoprecipitates as
early as 1 min after TAb 250 treatment, indicating
association of the receptor substrate with pl85.
Concordantly, up to 90% of the total cell protein kinase C
activity, measured as incorporation of ??P into histone I11-
S, translocated to the membrane after pl85 stimulation.
Finally, we tested whether blockade of the pl85 tyr kinase
with the tyr kinase inhibitor tyrphostin 50864-2 would
abrogate the TAb 250-mediated enhancement of cisplatin
sensitivity in SKBR-3 cells. Preincubation of SKBR-3 cells
with a non-toxic (20-30 uM) concentration of tyrphostin
50864-2 abrogated the TAb 250-induced tyr phosphorylation
of pl85, the stimulation of PLC-yl catalytic activity, and
the  enhancement of  cisplatin-mediated cytotoxicity.
Experiments examining cellular uptake of !9""Pt-cisplatin
and drug binding to DNA in response to antibody treatment
in these cells are currvently in progress. Taken together
these data support an association between elements of the
pl85 signal transduction pathway and cisplatin sensitivity.
The clinical implications of this association in the
treatment of c-erbB-2-overexpressing carcinomas remain to
be established.
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DNA SEQUENCE POLYMORPHISMS ASSOCIATED WITH ENDOGENOUS
MURINE LEUKEMIA VIRUS-RELATED ELEMENTS IN MOUSE MAMMARY
CARC INOMAS ,

B.B. Asch', H.L. Asch’, D.L. Stoler’, and G.R. Anderson’,
Departments of 'Expt. Pathology and ‘Molecular and Cellular
Biology, Roswell Park Cancer Institute, Buffalo, New York

About 30-40 copies of murine leukemia virus-related
(MulLVr) elements reside in the mouse genome. The full-
length elements are 8-9 kb in size and contain gag, pol,
env, and long terminal repeat sequences, hallmarks of
retroviruses. MulLVr elements are etiological agents of
leukemia and Tymphoma in certain mouse strains, wherein
they induce transformation by transposing and causing
insertional mutagenesis of cellular oncogenes. Recent
studies in our iaboratory have revealed that expression of
endogenous MulVr elements is elevated 10-70 fold 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 involving MuLVr segquences 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 £coR-I,
Hind-111, or BamH-1 to obtain fragments comprised of
sequences from both MulLVr elements and their cellular
flanking regions. The fragments were analyzed by Southern
blotting and hybridization with a cONA probe which detects
all MuLVr elements. No differences in the set of MulVr-
containing fragments produced by £coR-1 and Hind-111 were
detected between normal and tumor DNAs. After restriction
with BamH-1, all samples contained prominent fragments of
9.5, 5.1-5.8, 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 ONA from 4 tumors
which had elevated levels of MuLVr RNA. The extra bands
were not found in sampies from normal mammary gland or
from tumors which did not have increased MulVr expression.
The basis for these ODNA sequence polymorphisms is
currently under investigation.



DEREGULATION OF ENDOGENOUS RETROTRANSPOSONS IN  MOUSE
MAMMARY CARCINOMAS OF DIVERSE ETIOLOGIES

H.L. Asch’, B.B. Asch', D.L. Stoler’, and G.R. Anderson’,
Departments of ‘Expt. Pathology and ‘Molecular and Cellular
Biology, Roswell Park Cancer Institute, Buffalo, New York

The genome of most mice contains four major families
of endogenous retrotransposons: intracisternal A-particles
(IAPs), murine leukemia virus-related (MulLVr) elements,
VL30 sequences, and murine mammary tumor virus (MMTV).
The ability of some of these endogenous retrotransposons
to transpose in nuclear DNA and alter expression of genes
critical in growth control by insertional mutagenesis is
now well-documented from research on several types of
cancers, including mammary 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 investigations to analyze and compare expression of the
three other types of endogenous retrotransposons, 1APs,
MulYr 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. The
level of IAP and/or MulVr transcripts was elevated 5-100-
fold in most of the tumors compared to normal mazamary
tissue, whereas VL30 RNA was markedly decreased from 5-40-
fold. Moreover, many of the tumors expressed two IAP
transcripts of 5.0 and 1.9 kb not detected in normal
samples. Qur results thus indicate that there are
substantial changes 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. [APs and MulLVr elements have already
been shown to contribute directly to neoplastic
progression by insertional mutagenesis in cells of
hematopoietic lineage. Their activation 1in mammary
carcinomas raises the possibility that they may also play
a role in some pathways of mouse mammary carcinogenesis.



CHARACTERISTICS OF PS3 PROTEIN IN NORMAL AND HUMAN
PAPILLOMA VIRUS IMMORTALIZED HUMAN MAMMARY
EPITHELIAL CELLS

Vimla Band, Laurie Delmolino, Sorab Dalal' and Elliot Androphy"
Departments of Radiation Oncology, Molecular and Microbiology' and
Dermatology®, New England Medical Center Horpitals, 750 Washington
Street, Boston, 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 p33 tumor suppressor gene product in HPV16
E6-immortalized cells. To elucidate the mechanism of loss of p53
protein in vivo, we characterized the p53 sene and protein in normal and
HPV E6-immortalized cells. First, all normal HMEC strains examined
show easily detectable levels of pS3 protein when analyzed by
immunoprecipitation from metabolically labelled cells. To rule out the
possibility of missence mutations in p53 gene in these in vitro established
cells, we sequenced the entire coding region of the p5S3 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 pS3 protein in HMECs.
In contrast to normal HMECs, the half life of p53 protein in HPV16 E6-
immortalized cells was markedly reduced (about 30 min.). This result
provides direct evidence for in vivo degradation 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 pS3 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 pS3 protein in these
immortalized cells. These analyses should help determine the importance
of p53 loss in E6 immortalization.



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

D Barnes!, A Hanby', C Gillett', S Mohammed?, S Hodgson?,
1 Leigh?, T Purkis®, C MacGeoch!, N Spurr®, J Bartek’, B
Vojtesek®, S Picksley®, D Lane®.

1ICRF, Clinical Oncology Unit, and 2UMDS Clinical Genetics
Unit, Guy's Hospital, LONDON, UK; 3ICRF Skin Lab, Royal
London Hospital, LONDON, UK; 4 ICRF Clare Hall Lab, Potters
Bar, Herts, UK; ®“Institute of Haematology and Blood
Transfusion, Prague, CZECHOSLOVAKIA; ®CRC Labs, University
of Dundee, DUNDEE, Scotland

As part of our immunochistochemical studies into the
expression of p53 protein in patients who are members of
families with an inherited susceptibility to cancer, we
have encountered a mother and daughter who have a very
unusual pattern of pb3 protein expression. Both have had
mammary carcinoma and we have found an abnormal
accumulation of p53 protein in tumours from both patients
but, exceptionally, we have also found expression of the
protein in many 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 fram her which enabled us to
culture fibroblasts and keratinocytes for further study.
Both cell lines also express vastly elevated amounts of
the protein. Experiments to date show that the protein
has all the features of wild type and none of the features
of mutant protein. Furthermore, despite exhaustive
analysis of the DNA in 2 laboratories, no nutations have
been found in the coding regions of the p53 gene,
suggesting that there might be an abnormality in the post
transiational control mechanism affecting the degradation
of p53. It appears that we have identified a new type of
inherited cancer syndrome which involves the p53 gene in a
way which is different from the mutations found in the Li-
Fraumeni syndrome.
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AN INTRON MUTATION IDENTIFIED IN A LI- FRAUMENI
SYNDROME FAMILY WHICH RESULTS IN A SPLICED
FORM OF P33

G. Casey!, M.E. Lopez!, P. FainZ, and H. Anton-Culver?,
‘Department of Cancer Biology, Cleveland Clinic Foundation,
Cleveland, Ohio; 2Department of Informatics, University of

Utah, Utah; 3Epidemiology Program, 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 performed. Following
isolation of poly A* mRNA, reverse-transcriptase 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.



ALLELIC  IMBALANCE IN PRIMARY BREAST
CARCINOMAS AND  LYMPH NODE METASTASES:
RELATIONSHIP WITH TUMOR PLOIDY.

3. Cornelisse!, B.A. H(ms}ing', N.J. Kuipers-Dijkshoorn!, M.

van Vet and P. Devilee! . Dept. of Pathology (1). Dept. of Human
Gonehies (20 Umiversity ol Leiden, The Netherlands

Recently, we have completed an allelotype study of 86
primary - breast  cancers  in which all  non-acrocentric
chromosome  arms were  screened  with  at  least one
polvmorphic marker per arm for allelic imbalance. Allelic
mmbadunce (Al includes both allelic loss as well as o gain in
copy number of one allele. Highest frequencies i allelic loss
(30600 ) were tfound on chromosomes 16g, 6q, 8 and 17p
whero . ailelie gain was found predominantly for 1y, 11g and
20¢. More than 10 different chromosome arms showed Al in
more than 307 of the informative cases. The majority of
wmors (7397) showed  concurrent Al on 2 or more
chromosome arms. Comparison with flow cytometric DNA
mdey determinations showed that Al on 3p and 17p was
associated with aneuploidy. Fractional Al was highest in
tumors with hvpotetraploid DNA - indices suggesting  an
assoctatonbeween tetraploidization followed by chromosome
fossand extensive molecular-genetic alterations. We vow have
crtended our allelotvpe study with 9 primury tumors and their
corresponding lvmph node metastases, In all 9 timors AT was
tound on 4-10 ditferent chromosome arms. Lymph node
metastiasases  showed  adentical allelowvpes as their
corresponding primary tumors, irrespective of intra-tumor
DNA-plowdy difterences. These results indrcate  that the
molecuion genene evolution of breast cancers s Jargely
completed betore the tormation of metastases. Inadditon the
ailelonpe can be ased as wounique and highly speafic clonal

marker tor indinorduadd timors,



IDENTIFICATION OF GENES INVOLVED IN
MAMMARY DEVELOPMENT USING A PROMOTER-
TRAP RETROVIRUS.

J.Coulombe and D.A .Gray, Departments of Biochemistry
and Mcdicine, University of Ottawa, Ottawa, Canada.

In an effort to improve our knowledge of the genctic
program of mammary differentiation we  are using a
recombinant  promoter trap retrovirus to identify  genes
involved in this process. The retrovirus makes use of the
well established cooperation of the myce and ras oncogenes in
causing tumors (we  therefore have designated the virus
COPT tor cooperating oncogenes promoter frap retrovirus).
Replacing the structural genes of the retrovirus is a c-mve
gene driven by the ubiquitously expressed phosphoglycerate
kinase promoter.  In the long terminal repeat of the virus is
a promoterless v-Ha-ras oncogene.  If the proviral form of
this virus integrites adjacent to an active cellular promoter,
both oncogenes will be expressed and a tumor will form,

Infection of mouse mammary cepithelium will be
performed at adolescence by direct injection through the
nipple into the main duct of the gland.  Specific infection of
the end buds is currently being tested using retroviruses
harboring marker genes. Tumors appearing shortly after
infection will hikely be due to transcription of ray from
"housckeeping” type promoters. Mice will then be bred to
reinitiate development. Tumors arising during pregnancy
will likely be the result of activation of mammary-specific
promoters, those of nterest. The cellular sequences at this
locus can than be recovered using the rapid PCR cloning
strategy of Sitver and Keerikatte, for further analysis.



PUTATIVE INVOLVEMENT OF CYCLIN D GENES IN
HUMAN MAMMARY CARCINOGENESIS

Anouk Courscaux!, José Adélaide?, Josiane Grosgeorge!. Danicl
Birnbaum?, Charles Theillet? & Patrick Gaudray!. 'LGMCH, CNRS URA
1462, Nice. 2nstitut Paoli-Calmettes. Marseille, *CNRS URA 1191, Monipellicr |
France.

In breast cancer, some of the complex amplification events
cncompassing various portions of 11413 include CCND/, a gene
encoding a cyclin of the D type, also referred to as PRADI. Although
expression of this gene in mammary tumors correlates with its
amplification, there is no definite proot that it is the gene under selection
n the process of wumor formation,

Two other members of the cyclin D gene family have been cloned
frem human DNA. They are located in genomic regions where no
amplification has ¢ver been shown to take place in breast cancers
CCND2 s on 12p13and COND3 is an 6p21t*,

In order to test the hypothesis that cyclin D genes play an
important role in mammary carcinogenesis, we have studied their
amplification status in more than [0 primary breast carcinomas. We
have found that all three genes were amplitied in ca 15 tumors (18.5% ,
24.5% . and 23.5% fur CCNDI1. CCND2 and CCND3, respectively).
Morcover, CCND2 and CCND 3 were shown to be co-amplitied in a
statistically significant number of tumor samples. We have now
collected a lurge series of mammary carcinomas for which both RNA
and DNA could be prepared in order to study a possible correlation
between RNA expression and cyclin D gene copy numbers. Such a
correlation would implicate them as relevant physiologic targets for
gene ampliftcation in this disease.

T Inaba 10 Matsushime He Valentine M. Roussel MEL Sherr C & Look AT

1992 Genomic orgamzation, chromosomal localizaton and independent expression
of human cvelin D genes. Genonnes 13 0 565-574.
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INDUCTION OF THE METASTATIC PHENUPYPRE BY DNA TRANSTECTION
IN A RAT MAMMAKY KOULFL,
Barry N. Davies, Michacl P.2, Davies, Roger barraclougb and
fpalip S. Rudland
Cygncer  and  'ollo  Kuuearch Fund  lLaboratories, Oiochamiatry
Depattment, tmversity of Liverpool, Liverpool, UK.

wWe have used the techunigue of DHA Lranstection o attempt Lo
1solate  and  1dontify DRA sequences which  cen  induce tho
retastalic phenotype in a4 benign rat wammary epilhelial  cell
ine.

Cotransfection of rastriction enzyme~tragmented DNA from
malignant human cell lincs from & primary breast carcinoma (1) oy
fium pleural aftusions (?2) and the drug resistanca plasmid
nsvapga (3) yleldod several transfectants which metastasizod to
lungs and/or lymph nodes in sylngeneic rats. No metastasiu wan
obtained when non-transfected recipient cells, or celly
transfectaod with psvzhep plasmid alone, or cells transfected with
DNA 1solstcd from benjgn mammary tumouy cells wera $njected jinto
rats under Lho eame conditions. Calls which metastasized wero
te~-cstabl{shed in culture and ONA isolated tron them.
KHybridisation with an oligonucleotide specific for the human Alu
sgquonce has revoaled the presence of human DNA intagrated into
tho genome of those cells. Thaese results duwonstrate that (ho
notastatic phenolype can bo transferred from walignant. human
callée in a ganetically Jowinant manner in the nodel syslen
employed. We now intend tu tsalate the DNA sequences senponsible
tot induction of the wmatastatic phenctyps Ly standard cleoning and
soguencing techniques.

This work has heen complemonted by transfocting thoe same
reciplent cell line with the geno for p9Ka, whose expression has
been coryelated with meotastatic broaet disease und s plasmid
containing an activated forw of the ra4 vncogena, Ha-rau-1 (4.

p9¥a and fts WRNA are cxpressed st & high level in a malignant
rat nmammary epithelsal cell line which heas a  hligh motastatic
potential, whereas non-matastatic pammary epithelfal cells fafl
Lo expresas p9Ka nmRKA ov protein (S). The nRNA of the paguso
hormologua of pYKa, called pial, Is oxprossed at & high level in @
eubline of mouse maumary tumodr c¢elle with a high metastatic
potantial, tut {t 1is not expressod detectable n & clagoly
relantad subline of the sawe cells that duos 1ol netastasized
under tha same conditions (6).

wWhen our cloned gena for pyKa if transtected as part of a jlasnid
contalning the neo qune into the same bentign recipignt coll! line
and injectcd into syngonolc rats, metastatic tumcurs in lungs and
lymph nodes are formed (7). However, colls transfected with {la~
ro&-1 reproducibly fail to metactasize in the sana cell systen.

These resalts suggest that the presence and/or  Ooxprossien o
Additiconi copies of the p9Ke gene can Induce the metnstatyc
phenotype dn those cells, where as tranefection of Joas doos nat
coenfer nerastatic propay tias.

i v OLCES

¢l Kudlend, br. Halluwos. RC. Cox. SA. Orwerod, FJ. Wertuitan,
A Cancor Mes (3941 4% Mhee 1877

S tiqel LW Young mAL Tralks T, Lippman Rt vrBrien 52, oy
S Cancor He& (1y/8) QB 3)%4-3)e64

booueuthern b3 Bety b 3 Mol Appi o Genet (1982 ) 1: 127 4

X Noley. 1A, Malune, ', Kershali 2, Hall A. Mol <Cell. Diui
tivse) § 2)82-118%

Che Duanington. (3, PRL. theair, University of Jondon (1984

e Llaalldie A, Tuichinaxy, £ Grigurian, m, Afanaycva, »,
Saniv. V. kevarove. P, Luwanidin, ¥ Ganes end Levelopmer

B L TR R T TR

07 Davios, fk, Deviar, MPA, Gibba. PN, Bacrariough ¥ end
kudiond i Oncaguns, subeitted.

dudniwlgdacasnte

Barry B Usviet was supporlod by & Nedical Kusastch Councy)
Sluﬂ‘ﬁ(lhi; and MicCltinel P.A. Uavies by s Glaxo Gioup Kesesroh
Studentehip



pS3 GENE MUTATIONS AND LOSS OF
HETEROZYGOSITY (LOH) IN BREAST CANCERS
DETECTED BY POLYMERASE CHAIN REACTION (PCR)
Guoren Deng!, Ling-chun Chenl, Vivek Bhargavaz, Britt-Marie Ljungz,
Ann Thor3, Helene S. Smith!; 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, pS53, 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, pS3 immunopositivity has
been used as a surrogate for mutations of the pS3 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., INCI 84:845-855, 1992).

To further characterize the nature of pS3 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
conformation 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 among all four exons examined. The single
exceptional case had only 1% immunopositive 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 ullele, LOH of the pS3 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 LOH determined after agarose
gel electrophoresis. 13 of 21 informative cases (62%) showed LOH.
Surprisingly, there was no correlation between LOH and pS3 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 pS3 mutations
suggesting the possibility that a gene other than p53 was the target of the
LLOH for these cases.

The successful use of PCR based technology and SSCP for
measuring mutations and LOH 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. Supported by NIH
PO1 CA 44768.



MAPPING ALLELE LOSS REGIONS IN BREAST CANCER ON
16 AND 17¢ USING MICROSATELLITE POLYMORPHISMS

P. Devilee'’, A.-M. Cleton-Jansen?, R.S. Cornelis', A. Bardoel',
H.W. Mocrland’, M. Van Viict', N. Kuipers-Dijkshoorn”, and C.J.
Cornelisse”. Dept. of Human Geneties (1), Dept. of Pathology (2), University
of Lewden, The Netherlands,

Somatic loss of heterozygosity (LLOH) in breast cancer is a
common phenomenon, particularly on chromosomes 3p, 6q, 16q,
and 17p. The target genes for these events have for some chromo-
some arms been identified, for others they remain to be discovered.
Detarfed mapping of the region undergoing LOH in a series of
tumors may aid in this identification. In addition, LLOH-mapping
may aid in mapping genes that have been localized by means of
genetic hinkage in fanmilies, such as the gene for early-onset breast
cancer (BRCAT) on 17q12-q21.

LOH-mapping s intrinsicaliy limited by the number of
available markers for a chromosome arm, and their informative
ness. A further limitation might be the amount of tumor DNA
isolated from cach specimen, and @ low frequency of informative
LOH-breakpoints, necessitating  the analysis of large series of
paticnts. A new source of polymorphisms are the recently dis-
covered microsatethites. These Toci usaally have a high polymorphic
mformation content and are visualized by PCR which significantly
reduces the amount ot DNA used per typing and makes DNA
solated trom paradtim embedded tissues accessible for analysis,
However, the effect of asymmetrnie amplification ot alleles as well
as the presence of contamimating non-malignant DNA from stromal
cells in twmor samples. on the evenual extent of allelic imbalance
i bymphoceyie versus tumor DNAL has not yet been thoroughly
sorted out.

Here we present the results of LOH-muapping studies on 1og
and 17¢ in more than one hundred breast tumors. The use of RELP,
VNTR, and CA-repeat type of polymorphisms. in conjunction with
laser densntometry of awtoradiographs, enables an evaluation of the
apphcabnlity - of - PCRable markers o LOH-studies in both
qualitiatnv e and quantitative werms,
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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 mammary tumors derived from the 25% CO group. The
ras oncogenc was hypomethylated in all 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.
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HAPLOTYPE ANALYSIS OF SISTER PAIRS AFFECTED
?Y EARLY ONSET BREAST1CANCER. >
D.Easton, Y1Bevan, D.Ford,

J.Peto, and 'M.R.Stratton.
Sections of Epidemiology and Molecular
Carcinogenesis, Institute of Cancer Research,
15 Cotswo%d R4, Belmont,Sutton, Surrey, SM2
5NG, UK; “CRC Human Cancer Genetics Research
Group, Dept Pathology, University of
Cambridge, Tennis Court Rd., Cambridge, CB2
1QP.

B.A.J.Ponder¥*,

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 BrCa'l 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,
D178579 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. Easton', D. T. Bishop?2, D. Ford!, G. P. Crockford? and the Breast
Cancer Linkage Consortium

1CRC Section of Epidemiology, Institute of Cancer Research, Block D,
15 Cotswold Road, Belmont, Surrey SM2 5NG, 2ICRF Genetic
Epidemiology, 3K Springfield House, Hyde Terrace, Leeds L.S2 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 all the known families with 17q linkage data.
Six markers on 17q, spanning approximately 30cM, were typed. The
aims of the study were to define more precisely the localisation of
BRCAT1, 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 D175588 (Zmax = 21.68 at of = 0.13) and D17S579
(Zmax =13.02 at of = 0.16). Multipoint linkage analysis allowing for
genetic heterogeneity provided evidence that the predisposing gene lies
between the markers D175588 and D17S250, an interval whose
geneltic length is 6.3cM in males and 16.7cM in females. This position
was supportied with odds of 66:1 over other intervals. The location of
the gene with respect to D17S572 could not be determined
unequivocally. The best estimate of the proportion of linked breast-
ovarian families was 1.0 (lower LOD-1 iimit 0.71). In contrast,
there was significant evidence of genetic heterogeneity amongst the
tamilies without ovarian cancer, with an estimated 45% being linked.
These resulls 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.
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EXPRESSION OF ONCOGENES IN MOUSE MAMMARY
EPITHELIUM IN VIVO BY TISSUE RECONSTITUTION

aul AL W. EDWARDS, Susan E. Hiby, Jackie Papkoff!: Richard
Deed? & Jane M. Bradbury

Department of Pathology, University of Cambridge, Tennis Court
Road, Cambridge, CB2 I1QP, U.K. T Syntex Rescarch, Palo Alto,
CA 94304, USA. 2 Department of Gene Regulation, Paterson Institute
for Cancer Rescarch, Christie Hospital, Manchester M20 9BX, U.K.

We have developed a method for expressing genes such as
oncogenes specifically in mouse mawmmary epithelivm in vivo.  Normal
epithelial cells are isolated from one mouse, oncogences 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 is onc from which the endogenous
epithelium has been removed carly in development. The transplanted
cells reconstitute an epithelial ‘tree’ in its natural tissue environment in
which some of the cells express the introduced gene. This approach has
advantages over transgenic mice expressing genes from MMTV or
WAP promoters: ¢.g. clones of cells express the inserted 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 mount.
The cells expressing the gene occured in clusters interspersed with cells
not expressing the gene.

The oncogenes myc, int-1/Wnt-1, Ha-ras, hst and neu (erb-
B2) have been introduced and gave different abnormal growth patterns
of the epithelium, myc caused mild hyperplasia, in which ducts were
more closely packed than usual [Edwards et al. (1988) Oncogene 2,
407]. int-1/Wat-1 caused vigorous hyperplasia, the epithelium showing
sidebranching rather like carly pregnancy [Edwards et al, Oncogene in
press). neu (erb-B2) produced small to medium foci of closely-
packed, hyperplastic epithelium.  Hst caused local development of
alveoli on major ducts.

When hyperplasias obtained by expressing myc were isolated
and Ha-ras introduced to model sequential activation of oncogenes,
tumours were obtained {Bradbury et al. (1991) Int J Cancer 48, 908-
915].
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GROWTIH STIMULATION AND GROWTH INHIBITION INDUCED
BY AN ErbB-2 STIMULATORY FACTOR SECRETED BY RAT
MAMMARY CARCINOMA CELLS.

S. P. Lthier, M. L. Mahacek and C. D. Dilts. Dept. of Radiation
Oncology, University of Michigan Medical School, Ann Arbor, Ml
48109,

Rat mammary carcinoma (RMC) cells isolated from carcinogen-
induced mammary tumors secrete a factor into conditioned medium that
stimulates tyrosine phosphorylation of the erbB-2 protein. The tactor can
be partialty purified from conditioned medium by ultrafiltration through a
30 kDa cutoft membrane and heparin-agarose chromatography of the 30
kDa retentate. Gel filtration chromatography of the activity obtained from
the heparin-agarose column yields a factor with an apparent molecular
weight of 105 kDa. The erbB-2 factor secreted by RMC cells has
different effects on the proliferative potential of different mammary 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-10A cells) which are
growth stimulated by this factor when cultured in serum-free medium in
the absence of EGE. By contrast, a human breast cancer cell line recently
developed in our laboratory (SUM-44PE) is potently growth inhibited by
the erbB-2 factor. SUM-34PE cells are cultured in serum-tree medium
supplemented with insulin and hydrocortisone and under these conditions
express moderate tevels of erbB-2 protein and undetectable levels of
tyvrosine-phosphorylated erbB-2. Addition of the erbB-2 factor to the
medium of SUM-44PE cells induces rapid tyrosine phosphorylation of
erbB-2 and completely inhibits growth of these cells atall concentrations
tested.

Both the RMC cells that secrete the erbB-2 factor and the MCFE-
TOA cells that are growth stimulated by the tactor express EGE receptors
in the range of 100,000 receptors per cell and expression ot erbB-2
protein in both cell lines is down regulated by EGE. By contrast, SUM-
HPE cells do not express detectable high atfinity EGE binding sites.
Thus, FGHE receptors and erbB-2 receptors appear to interact and the
nature ot the biological response of cells 1o the erbB-2 factor may be
determined by the presence or absence of EGI receptors,
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EXPRESSION IN HUMAN BREAST TISSUE OF DNA SEQUENCES
HOMOLOGOUS TO THE MOUSE MAMMARY TUMOR VIRUS

Polly Etkind and Luping Qiu, Montetiore Medical Center/
Albert binstein College of Medicine, New York, New York.

Mouse Mammary Tumor Virus (MMTV) is the etiological 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 MMTV genome
in human DNA has lead to the question of whether the ex-
pression of these MMIV-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
MMTV-like sequences in hormonally stimulated primary human
breast tissue. Using as a probe a c¢loned human DNA sequence
homologous to the pol region of MMTV we have screened a
cDNA 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 c¢DNA library, we have isolated four
recombinants which hybridize under stringent conditions to
our human MMTV-like pol gene probe. DNA sequencing shows
these ¢DNAs to be greater than 877 homologous to various
regions of the entire pol gene of a 9.2 kilobase human
endogenous MMTV-related retrovirus genome designated
HERV-K10 (1986,J.Virol.60:589-598) which contains open
reading frames (ORFs) corresponding to gag, protease (prt),
reverse transcriptase (pol), and envelope (env) genes.

Each individual clone countains an ORF which when combined
overlap and cover the HERV-K10 putative pol gene. However,
we have not as yet been successful in isolating a single
cDNA capable of expressing the entire pol gene. In
addition, three of our 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?, Julie J. Wirtht, Andrea
Amalfitano', Larry Martin', Laura Counterman? and
Sandra Z. Haslam?. 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 mice 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 1lung (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 PEA1 and PEA3, the mouse
homologs of AP1 and c-ets. We have demonstrated that
middle T antigen, the PyV oncogene, has an essential
rola in viral DNA replication, mediated by the A
enhancer domain, which can be bypassed by serum
factors or TPA, 1i.e. other activators of protein
kinase C. Altogether, the results suggest that the
middle T pathway, which activates PKC and culminates
in the activation of AP1 and c-ets, is organ
restricted and cannot function in group II1 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 AP1 and c-ets
provides a major pathway of oncogenesis 1n group I but
not in group II organs. These results may be
generalized to oncogenesis by other inducers.



MUTATTON ANALYSTS OF THE THRAL GENE TN BREAZT CANCER
CELL LINES, SPORADIC BREAST CARCINOMAS, AND FAMILIAL
RREAST CANCER PATIENTS.

PLAL Futieal 1 , U \.'m‘hmnl . JURL Mar k:iz‘j, JoD
Tglehardt :‘1 W. Timmerman , J.C. Barvett 1 ,oand RuW.

: 1

Hlat tonal
H.1.H.,
Shepa tment of Surgery, Duke University, Dutham,

Wiseman Llaben at ory of Molecular Carcinogenesisa,
itunte of Envivonmeatal Health o

search Triangle Park, Nevth Carolina;

STlenoen

.

Horth Carolinag Yinstitut fi Virvologie, Freie
Upivelsitat, Kobert Foch Insititut, Berlin, Gelmany.
W bnave previously descoribed o region ot
frecpeent allellc loss on proximal chromosome 17 in
sporadic breast cancer that ds likely t
turnor suppr e

o contain
o1l gene. This interval was bordered by
the makers DI78250 a0 the centromerio side and
DI75579 on the relomeric side which map to the 17qL1
ql2 region, and overlaps that or the familial breast
caneer susceptiblility locus BRCALLD The n
marker los in this realon woas seen o at the candidat e
tumol suppresscol gene, thyrold hortmene veceptor alpha
(THRAL) . Southern analy=is ot both primary tumor
tissue and breast carcinome cell Tines tor gross
vealtangement:s of THRAL revealed a breast caroinoma
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Adomain ot the THRAL gene. Horthern analysis revealed
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FURTHER MAPPING OF THE BREAST/OVARY CANCER SUSCEPTIBILITY
GENE ON 17g21. IMPLICATIONS FOR DNA SCREENING 1IN
FAMILIES. R ; )
J. Feuyteun® ., $.A, Narod®, H.T. Lyygch”, P. Watsou”, T.
(onway™, J. Lynch”, J. Parboosingh®, G.M. Lenoig“.
Laboratoire d’'Oncologie Moléculaire, Institut Gustave
Roussy, Villejuif, France; “Centre for Human Genetics and
Departmen.s of Medjcine and Oncology, McGill University,
Montreal, Canada: ~“Department of Preventive Medicine,
Creighton University, School of Medicine, Omaha. Nebraska,
USA: "International agency for Research on Cancer & Claude
Bernard University, Lyon, France.

Nineteen North aAmerican causasian families which contain a
minimum of four confirmed cases of breast or ovarian
cancer h.ve been studied. Four polymorphisms (cLB17.1,
D17S579, D17S598 and D17S74), which span a region of
approximately 15 ¢M on chromosome 17q21, were typed. Our
data confirm the location of a dominant gene conferring
susceptibility to breast and ovarian cancer (maximum lod =
9.78). Two recombinants in one large family suggest that
the breast-ovarian cancer locus liocs between D175588 and
D175579. The cross-over that places the cancer gene above
D175588 is strongly supported by its identification in
several ariected individuals. in contrast, the
recombiraticn that places the cancer gene below D175579 is
ev.dent only in a woman who developed breast cancer at an
24e significantly higher than the mean ige of breast
cancer onset i her farily and therefore might represent a
sporadic case. The po:sirility that chiromosome 17 marker
data may be used to evaluate individual risks for women
from high-risk families will certairly now be raised.
Because of the linkage heterogeneity, a generalized
marker-based counselling remains problematic a. present;
nevertheless, for a fev very large families where linkage
is not in dovby we Ieel that marker information may now be
introduced with cauticvn into the interpretation of
individual risk.
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GENETIC AND PHYSICAL MAPPING OF THE BERCAT PEGION DN 170
Tomon, M0 Slack, K. Jdenes, H.o Nicolat and M. B

jardim

L nngen

We have made a detailed somatic cell hybrid map of
numan chromnseme 1711 . 72-73, containing the famlial
breast and avaritan cancer locus ($BRCAL) at 1/agle  and
highly informative closely linked CA repeat markers. We
are using these markers to bulld up a genetic map of this
region and to examine LOH in 200 premenopausal breast
tumors . An K-irradiation panel of 38 hamster/human and
meuse Shuman hybrids with fragments of 17q was used 1o
lTecalise o8 genes an Tinedr order in this region.  Mare
detailed mapping of aver s1xty praobes onto chromnsomne

Vig was dore using a panel of hybrids with well def ined
freabpoints acd ten CMGTe  Our Incalisation of RARA,
TOP? and 17450 between D175181 and THRA, the twn closest
Enown flanking ma-ters for BRCAL, suggests that any ot
these 1+ a poten’ ' candidate for the BRCAL Tocus. We
are luiiding up o+ i1 GE map and a YAU contig covering the
BRTAT regian, in the hope of detccting PIGEL alterations
1eoerther breast tumors oc do tndioviduals from Tinked
camilies
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Regulation of Estrogen Receptor Function in Breast Cancer by
Naturally Occurring Variants Suzanne A.W. Fuqua, The University of
Texas Health Science Center, San Antonio, TX. 78284

The loss of hormone dependence of certain breast tumors may be due 1o
the presence of mutated or truncated estrogen receptors (ERs) that
activate transcription even in the absence of hormone, or alternatively,
mactivate wild-type receptor function. We have identified a 40,000
dalton variant ER that was truncated within the hormone binding
domain from supposed ER-negative human breast tumor specimens.
This variant (termed an exon 5 deletion variant ER) was unable 1o bind
hormone, however it was capable of stimulating the expression of
estrogen-responsive genes in vitro in a hormone-independent manner at
approximately 10-15% of the stimulatory activity ot wild-type ER,
hence we have termed this variant a dominant-positive receptor.
Transfection ot this dominant-positive receptor into MCFE-7 breast
cuncer cells rendered these cells unresponsive to endocrine therapies
such as tamoxifen and high dose progestins. However, these cells
remained sensitive o 1CT 164,384, These rLsults suggest that tumors
containing clevated fevels ol the exon 5 deleton variant may be
resistant to the effects of tamoxifen, but sensitive to pure steroidal
antiestrogens. We have also identified another truncated ER variant
(deleted of exon 7) which wus present at elevated levels in ER-positive,
progesterone receptor (PgRy-negative breast tumor specimens. This
52.000 dulon exon 7 deletion variant was unable to function as a
transcription inducer of estrogen-responsive genes in vitro. But when it
was cointroduced into cells with wild-type ER, then the actvity of
wild-type receptor was reduced by approximately half. These
dominant-negative effects upon wild-type receptor function could have
wide ranging cffects upon cells. Growth arrest was observed when
MCE-7 cells were trunsfecied with the exon 7 variant,
Conclusion:  Both dominant-positive and dominant-negative ER
varunts may regulate normal ER function in human breast cancer cells,
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BIOLOGY OF EPIDERMAL GROWTH FACTOR (EGF)-RELATED PEPTIDES IN BREAST
CANCER David S. Saiomon’, Nicola Normanna !, Toshiaki Sack!, Nicholas Kenney !, Nancy Kim !,
Fortunato Ciardielio !, Gibbes Johnson2, Williar J. Gulick, Gregory Plowman?, Mohammed
Shoyab® and George Todaro® 'National Cancer Institute and 2Food and Drug Administration,
Bethesda, MD. 3imperial Cancer Research Fund, London, England, 4Bristol-Myers Squitb
Pharmaceutical Research Institute and Fred Hutchinson Cancer Research Center, Seattle, WA.
Transforming growth factor « (TGF), amphirequlin (AR} and cripto (CR) are members ot
the EGF family ot proteins. TGFa and AR bind to and activate the EGF receptor. TGFa, AR and
CR mRNA transcripts and/or proteins are found in approximately 50 to 70% of primary human
breast tumors and in @ number of human breast cancer cell lines. In breast cancer cell lines that
are estrogen-responsive, physiological concentrations ¢f 17f3-estradiol (E2) can induce an
increase in TGFo mRNA expression and prolein production suggesting that the growth-
promoting elfects of £2 may be mediated in part through the intermediary action of this growth
factor via an autocrine mechanism. This may be the case since infection of estrogen-responsive
MCF-7 or ZR-75-1 cells with a ampholropic recombinant retrovirus centaining a fragment of the
human TGFu cDNA oniented in the 3'10 5 orientation to generate an antisense mRNA can
significantly inhibit the induction of TGFu MANA and protein in response to E2 and can partially
lock both £2 stimulated anchorage-dependent and anchorage-independent growth. The
expression ol TGFw and AR 15 also modulated by speciic oncogenes that have been identified as
polential growth eftectors in the pathogenesis of primary human breast lumors. For example,
immortalized, nontranstormed MCF-10A human mammary epithehal cells are transiormed by an
activated c-Ha-ras protooncogene or by overexpression of the ¢-erb B-2 prolooncogene. MCF-
10A cells express approximately 3 x 10° EGF receplor sites/cell and require either exogenous
EGF or AR for growth. Transtormation of these cells by ¢-Ha-ras resulls in a 4-8-fold increase
in the expression TGF o mRNA and a 30-40-fold increase in AR mRNA expressicn which is
accompanied by a concomitant l0ss 1 the milogenic respensiveness of these cells 1o exogencus
EGF or AR Soft agar growth of the ras transformed cells 1s partially blocked by treatment of
these cells with exther a TGF ¢ neutralizing monoclonal antibody (50% growth inhibition) or with
an EGF receptor blocking monoclonal antibody (85% growth inhibition) demonstrating that
TGFu and possibly AR are able o function as potential autocning intermediaries in the trans-
formation pathway which i1s utilized by an activated ras gene. In contrast, erb B-2 transformed
MCF-10A ceils exhibit an increase in AR expression but notin TGF o expression demonstrating
these two EGF-related peptides may be differentially regulated by vanous oncogenes. Although
endogenous AR protein was immunocytochemically detected in the cytoplasm of MCF-10A cells,
ras or erb B-2 transformed MCT-*OA celis exhibit a higher level of immunoreactivity both in the
cytoplasm and in the nucleus. In son e cases nucleclar staining was also be observed AR
phosphorothicate 20-mer antisense oligodeorynucleotides are able to inhibit by 70-80% the
gmw"h of rasang erb B-2 trmcmrm :d MCF-10A cells suggesting that AR may also function as
nautecnine growih factor for both ras and erb B-2 transformed cells. TGF appears to
U chign as a gominantly aching oncegene in mammary epithelial cells that express a sufficient
compiemiznt ¢f functional £GF receptors. Overexpression of TGF o in MCF-10A cells following
infection with an ampneltropic retroviral expression vector containing the human TGFo cONA is
able 1o transicrm these cells in vilro. However, neithier TGFu, ras nor erb B-2.1s able 1o elicit a
fully mahgnant phenotype n vivo Overexpression of these genes either alone or in combination
was insuiticient 1o attect tumor formation in yarradialed or NK deficient nude mice inoculated
vath MCF-10A celfs suggesting that the expression of an addiional oncogene(s) or the loss of
expression of 3 tumor suppressor gizne is probably required 1o cemplete the malignant process
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EGEF/TGFa AND TGEFB CONTROL. OF NORMAL AND
IMMORTALIZED HUMAN MAMMARY EPITHELIAL CELL
GROWTH IN CULTURE,

Martha Stampfer, Junko Hosoda, C.-H. Pan and Paul Yaswen, Life
Sciences Division, Lawrence Berkeley Laboratory, Berkeley, Calif,
The effects of EGEF/TGFa and TGF on growth control and specialized
functions have been examined and compared in finite lifespan vs.
immortally transformed human mammary epithelial cells (HMEC). Our
HMEC culture system permits active long term growth (45-80 pd) of
finite lifespan cells derived from individual reduction mammoplasty
tissues. Two established cell lines, 184B5 and 184A1, were derived
from normal HMEC specimen 184 following in vitro exposure to
benzo(alpyrene. Normal HMEC have a stringent requirement for EGF
for clonal growth, but grow in mass culture in the absence of
exogenously added EGF due to the endogenous production of TGF.
18485 and 184A1, although synthesizing TGFa mRNA, do not
secrete sufficient TGFa protein to support growth in the absence of
added EGIF. A rapid, efficient, and reversible Go-like growth arrest
can be achieved in both cell types by effective blockage of the EGF
signal. In normal HMEC this requires addition of a blocking antibody
10 the EGF receptor while removal of EGF is sufficient in the cell lines.
Re-exposure to EGF leads to a synchronous entry into the cell cycle
with high levels of synthesis of mRNA for the early response genes c-
myec, c-fos, ¢-jun, and MGSA observed within Thr. The cell lines
differ from normal HMIEC in that c-myc and ¢-fos mRNA levels are not
reduced during the Go arrest. TGFB causes a late G1 growth arrest in
normal HMEC. Protein synthesis, particularly components associated
with the extracellular matrix (e.g., fibronectin, laminin, collagen 1V,
PAIL-1), is stimulated.  Although 184B5 and some variants of 184A1
can maintain active growth in the presence of TGEB, they remain TGE}
responsive. They show similar induction of secreted protein synthesis
and have a similar profile of TGEFB1 receptors. Thus, the effects of
TGEFp on cell growth can be dissociated from its effects on specialized
responses, suggesting at feast two independent pathways for TGER
activity, one which Jeads to cessation of proliferation and one which
induces a specific set of differentiated cellular responses. We are
currently comparing specific mRNA expression and phosphorylation
patterns of cell cycle related proteins in synchronized populations of
these growth inhibited vs. non-growth inhibited HMEC. These studies
may help define the mechanisms of TGIB induced growth inhibition in
this cell system. Since wmorigenic progression is characterized by
derangements in signal transduction, growth control and differentiation
processes, analysis of the effects of EGE/TGFa and TGER in cultured
normal and transformed HMEC may provide information relevant to
the carcinogenic processes occurring in the breast in vivo.

35



CELLULAR AND MOLECULAR HETEROGENEITY OF ESTRO-
GEN AND PROGESTERONE RECEPTORS AND HORMONE
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
effects, 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 BREAST CANCER

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

Invasive tbtreast 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. The enzyme is also 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 substrate specificity
including gelatin, Type IV collagen, laminin, and
fibronectin (but not casein). It is inhibited by EDTA
and leupeptin but not by TIMP-2 and it has been purified
2000-fold from breast cancer cell conditioned medium.
The second novel activity (termed MDGF-1) is an acidic,
62 kDa growth factor which selectively stimulates
synthesis of collagen by fibroblasts. [t 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 stromal
collagen metabolism, is capable of stimulating the
proliferation of receptor containing breast cancer cell
lines in vitro. Amino terminal sequencing of MDGF-1 has
revealed no homology with other growth factors and it
binds to a 130 kDa binding site on responsive cells 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 THE STUDY OF DIFFERENTIAL GENE
EXPRESSION DURING MAMMARY TUMORIGENESIS IN
TRANSGENIC MICE

Lucy A. Godley, Helen Kwan, and Harold 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.
Cell 55, 619-625 (1988); Kwan, H. et al. Mol. Cell Biol. 12, 147-154
(1992} ). The transgene in these animals mimics a mouse
mammary tumor virus (MMTYV) integration at the Wn¢-1I
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. All animals exhibit preneoplastic
mammary gland hyperplasia with progression to mammary
adenocarcinoma in 50% 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-1 transgenics, analysis of DNA amplifications in tumors
and metastases, and determination of differential gene
expression via subtractive hybridization. To analyze
differential gene expression, cDNA 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 a vector AEXLX (Palazzolo, M.J. et al. Gene 88, 25-36 (1990) )
which allows simple conversion into a plasmid library via
site-specific recombination at two lox sites in AEXLX. T7 and
SP6 transcription allow generation of RNA in either
orientation and an f1 origin allows generation of cDNA.

Subtractive probes will be used to retrieve cDNA's from
the appropriate libraries. These cDNA'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 murine mammary tumorigenesis.
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CELL CYCLE DEPENDENT EXPRESSION OF P53 mRNA
AND PROTEIN IN NORMAL HUMAN MAMMARY
EPITHELIAL CELLS

J.M. Gudas?, 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 mMRNA 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 lovastatin
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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A POPULATION BASED STUDY OF EARLY ONSET
BREAST CANCER IN VICTORIAN FAMILIES

L1 Hopper' and G.Go Giles’, "The University ol Melboume,
Faculty of Mcedicine  Epidemiotogy  Unit. Parkville, Victoria,
Australia; “The Anti-Council Council ol Victoria, Carlton South,
Victoria, Australia.

A family stady based on women diagnosed with breast caneer
before aged 40 years has commenced. Cases are sampled via the
Victorian Cancer Registry, a population based registry 1o which
cancer registration is a statutory requirement.  Ascertainment is
considered 1o be complete, The aim is 1o quantify: the extent of
familial clustering of breast cancer in Victoria, the increased risk
1o relatives  of  different relationships,  the extent (o which
increased risk might be explained by Tamitial aggregation i risk
factors, or by measured genetic markers, and in the longer ter,
the extent to o which  family  history  mfluences  prognosis
Sttistical pedigree analyses will also be carmied out to determiine
it familial aggregation is consistent with a putative  autosomal
dominant  genetic focus  with ceither partial - or - complete
penetrance, laking into consideration measured  cepidemiological
risk factors. A questionnaire addressing major nisk factors s
administered face-to-lace or by telephone 1o the proband and 10
her femade and male relatives. AL first degree relatives and
prandparents on both the paternal and matermnal side, for both the
proband and, as a control. for her spouse o partner (it
applicabley are in the study. A sequential sampling scheme s
used to study fiest degree relatives of any previousty studied
relitive with breast cancer. Proxy information is collected for
deceased subjects. Reported cancer cases inorelatives will be
vertfied.  Early experience ot the study is reponted. Procedures
have been developed 1o obtatn the cooperation ol reating
surgeons, and (o produce a proband response e ol over 80%
and good cooperation from relatives. Blood samples are 1o be
collected tor testing hypotheses relating o specitic markers and
candidate DNA probes for breast cancer in this popuhidion-based
sample ol tamilies.
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GENETIC ALTERATIONS OF THE TUMOR SUPPRESSOR
GENE REGION 3p IN HUMAN BREAST CARCINOMA AND
RENAL CELL CARCINOMA

S. Ingvarsson?!, J.T. Bergthorsson!, R. Erlandsson2 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. It 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.
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REGULATION OF WILD-TYPE AND MUTANT psSt IN MURINE
MAMMARY NEOPLASIAS: MULTIPLE PATHWAYS FOR
OVEREXPRESSION.,

D1 Jerry', E.S. Kittrel?, D, Meding®, and 1S, Butel'. "Division of Molecular
Virology and “Department of Cell Biology, Baylor College of Medicine,
Houston, TX.

Treatment of breast cancer relies on early detection of primary lesions
The carliest recognizable intermediate in the development of breast cancer are
regions of focal hyperplasia. However, the genetic changes associated with
trunsition of mammary epitheliab cells to hyperplasia remain undetined. To
study carly  genetic changes, mammary  epithelial cell lines  that  form
hyperplastic outgrowths when transplanted to cleared mammary fut pads have
heen established from BALB/c mice. Tumors form from the hyperplastic
outgrowths at a frequency that is predictable for cach outgrowth line, but
ditfers among the lines. Because alteration in p33 expression is the most
commonly identified defect in hreast cancer, the status of p53 was determined
in the cell hnes, the in vivo outgrowths and tumors derived  from the
outgrowths.

The  relative  expression  of  p32 protein was determined by
mmmunohistochemical staining and  immunoprecipitation with  monoclonal
antibodies that discriminate between wild-type and mutant conformations. The
nucteotide sequence of the pS3 mRNA coding region was directly sequenced
allowing the amino acid sequence ol the p3as o be deduced. Both alieles of
pS3owere mutated in TM4 cells and  tumors (A123-129/Trp'™)  and
overexpression of p32 protein was observed by immunohistochemical staining,
Atthough both alleles were mutated and all cells overexpressed p353 in vitro,
less than SO% of the cells i the hyperplastic outgrowths stained positively for
p33. These data demonstrate that the milicu of the in vivo outgrowth serves
o regulate overexpression of mutant pS3in a large proportion of the cells,
During progression to tumors, this regulation is lost and all cells overexpress
p33. TMY cells provide a contrasting example. Both TMO cells and wimors
expressed only wild-type pS52 transcripts. However, these cells and tumors also
overexpressed pS3oprotein. These data suggest that there are multiple
pathways that result in overexpression of p32 in mammary epithelial cells. We
believe that ihese include mutation of the coding sequence of p33 as well as
alteration of” genes that regulate accumulation of pS3. Elucidation of these
regulatory pathways may suggest potential forms of therapy for breast cancer.
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MULTIPEE CHROMOSOMAL REGIONS MAY UNDERGO COPY
NUMBER AL TERATIONS IN BREAST CANCER

A Kallionemi b OO P Kallioniemil L Co Chen2. D2 Sadarl . D. Ru
tov itz S HES) Smith20 EW. Gras LoD Pinkel ! and M Waldman |
FDivision of Molecubar Cytometry . Department of Laboratory Medicine.
University of Calitornia San Francisco. San Franciseo, CA- 2Geraldine
Brush Cancer Research Institute, SECCAT 3NMRC Human Genetios Uit
Edinburgh. Scotlund.

Cytogenetie anadysis of breast tmors is sometmes ditficult due
to the sparsity or poor gualits of representative metaphise spreads, and
to the common vecurrence of highhy abnormal chromosomes, The nature
of these aberrant chromosomes as well as the origin ot sequences ampli-
fried in HSR or DNS often cannot be established by Rary oty pic analysis.
We have developed anew echmgue. comparative genomic by bridization
(COHY tor detection and chromosomal lecalization of DNA sequence
copy number chunges anywhere in the genome ina single by bridization.
In CGHL ditterentially tubeled total genomic test DNA and normal reter-
chve DNACare altowed to compete with cach other during hy bridization
to normad metaphuse spreads. Following immunotluorescent detection ot
the Tubeled DNAS with two ditterent thuorochromes. relative copy nuin-
bers ot all regions i the test genome are quantitatively established by
measuring the ratio of the tluorescence mtensities from the two Huoro-
chromes along the fength of cach normal chromosome. Increased relative
copy number tampliticationsy and reduced relative copy number
tdeletionsy of the tumor DNA IS readily mapped on the normal metaphase
chromosomes.

We have apphied CGH o with DNA trom the near-diploid 600PE
hreast cancer cell Tine and trom a normad temale control wo show that the
color ratios accurately revealed all the eytogenetically known chromoso-
mal aberrations tetrasomy tor 1. and deletions of Yp. T, 16g and
I7pvot this cetl Hine. Inanother experiment. CGH using DNA trom tive
tibroblist cell Tines with T to S copies ot the X chromosome allowed
aceuriate determination ot this range of N chromosome copy number,

Amphtied DNA sequences could be detected and mapped by
CGH in tumor cell lines with DM or HSRs and occasionally also in
those with ne previous oytogenetic mformation on gene amplitication,
Bestdes known oncogenes such as MYC and ERBB2. the chromosomal
origins of other amplificd sequences that previously were not known to
contain dmpmil'd genes were discovered. Rn‘giun\ ol increased Copy
number in breast tumor cetl fimes and/or primaries were mapped to g
N tproximal tomy e T3g0 17 aerminal to erbb 2y and 204, Sometimes
taeor three separate regions on the same chromosome were wnplitied in
cne cell e Supported by NTH CA 4708 CAN 45919 and DOE AC-03-
THSHOOUN.
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ESTROGEN RECEPTOR MUTATIONS IN TAMOXIFEN RESISTANT HUMAN
BREAST CANCER

P.S. Karnik!, C.Smith!, R.R. Tubbs?, and R.M. Bukowski!,
Icleveland Clinic Cancer Center, °CCF 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 patients, tumor
resistance to these drugs deveiops over time. The molecular
mechanisms by which vreceptor posicive tumors develop
resistance to antiestrogens, however, remain unknown. The
estrogen receptor plays a central role in mediating the
effects of estrogens and antiestrogens. Therefore, any
alteration in the receptor could theoretically render the
cell endocrine resistant. We hypothesize that endocrine
resistance in ER', PR' human breast cancer is due to altered
or mutated estrogen receptors that are unable to mediate the
actions of estrogens and antiestrogens. To search
efficiently for ER mutations, our strategy is to isolate RNA
from a large number 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. Ve
first amplified exon 2 (codes for first zine finger) from
wild type ER c¢DNA and from 17 tumor samples. A 246 bp
fragment (including primers) was amplified, denatured and
analyzed by SSCP. A variant exon-2 band was detected in a
Tamoxifen resistant tumor from a patient 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 metastatic tumors
from this patient. Since exon 2 of ER codes for the first
zinc finger, it is interesting to speculate that a faulty or
defective first zinc finger is responsible for Tumoxifen
resistance seen in this patient. Our efforts are now
directed toward sequencing the ER variants and analyzing the
functional significance of this mutation.
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ALEEUTC TMBALANDCE STUDIES AND ANALYS TS OF CANDIDATE GENES
[N SOMATTE AND TUMOUR TI9su IN A CAMITY WITH BREAST
OVARTAN CRANCER LINKED 1D CHROMOSOME 17
D, ¥elsell ', DO BishepZ, Al Wil Liamsd, NGKL Spurr !,
Tmpertal Cancer Research Iung)i. Clare Hall Laboratories,
fPotters Bar, Herts. EN6 SLD: “Genet e Epardemiology
Laboratorv. Imperral Cancer Kesearch bund, 3K Springfield
House, Hyde Terrace, Leeds |92 90U, UK,

o 1990 Hall et al.  Scrence 1990, 250, 1684-1689
showed the fairst strong evidence for a breast cancer gene
localised to the lTong arm of bhuman chromosome 17 Dy

qenet 1o Tinkage, They obtained a L0OD score of 2.3% gt a §
of U.20 with the marker D17574.  The 10D score was signif-
reant by nereased when the families were stiratified by age
and o LD score of 5098 was obtarned 1o those with a mean
age at diagnosis of less than 46,0 This inttial finding was
confirmed by Narod et ol The Lancet 1991, 338, 82-83)

o]

who obtatned & LOD score of 2,20 with the same marker in
ve bireast ovarian cancer families. Following these
results aocollaborat ive study was established to help
Jocate the gene on 17g. A total of 214 families were
studied with sisx markers and a region spanning approxi-
mately 10cM was defined flanked by the markers D17525%50 and
DI755H8. One of the critieal findings from the linkage
ataivers ol these families was that all families with 3
mistare of breast and ovarian cancers were linked to this
aene . Inoour panel of families we have one large breast/
ovartat tami by o with o total of 12 breast and three ovarian
tumours. A LOD score of 2.3% at 8 0,000 was obtained with
the marker NME o thas fanaly . We have obtained blood
samples andg fiosed blocks of tumours from a number of these
trdividuale and carried out PUR studies looking at loss of
hetereszviosity oo tumours. Traotial resulls indicate that
treoone fumouy from thrs famp iy all the chromosome 17 below
the marker THRAT 1o lost thuys ndicating that the region
i whioh the BROATD gene lies can be narrowed between
THEAT and DI7S5%88. Alcn sequence analysts using somat ic
andd tumonn tiosue locking for mutations 1o the candidate
genes for exanple protabitin and the two estradiol 17-bheta
detivdrogqenase genes  FDHTTBT and FDHT7BZ 0 has been carried
et
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THE TRANSFORMING POTENTIAL OF WNT GENE
FAMILY MEMBERS

Jan Kitajewskil 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 Wnr-1 gene was originally identified as a target for insertional
activation in MMTYV-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 Wni-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 murine Wnr 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, Wne-3A, Wni-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) epitope to
allow detection of the gene products with an aati-HA monoclonal
antibody. Epitope tagged Wni-1 retains the ability to transform cultured
mammary epithelial cells. The transforming potential of the epitope
tagged Wnr gene products are being tested by using retroviral vectors to
express these genes in C57MG mammary epithelial cells. Paracrine
transforming capability of Wnr genes is being assessed by co-cultivating
CS57MG cells with Wnr-expressing Rat fibroblasts (which themselves
show no response to Wnr-1 and act as donors of Wt proteins to adjacent
C57MG cells). Transient transfection of cDNAs encoding the epitope
tagged Wt 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 cytoplasmic region of the CD4 protein or encoding
Whnt-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 transformation suggesting that these cell membrane-
associated-Wnt-1 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 treating 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 AP1 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 in hepatocytes and converts 17 B-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-
triftuoromethyl-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-llI
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 all ER negative cell lines tested. In 9% of all
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.



STUDIES OF ALLELIC IMBALANCE IN HUMAN BREAST
CANCER

M.-L. Loupart!, JLA.L. Armour? 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 imbalance of polymorphic markers on human
chromosome 1 in primary breast tumour samples. Loss of
heterozygosity (LOH) has been reported at two regions, at
1q21-23 (Chen ¢t al., 1989, Proc. Natl. Acad. Sci. USA, 86, 7204)
and at distal 1p (Genuardi et al., 1988, Am. J. Hum. Genet.,
45, 73). Cytogenetic studies have implicated additional
regions on chromosome 1, most notably 1p13 (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: 1p13-p35
(D1873 and D1S7), 1q21-q23 (MUC1 and D1S61) and 1q32-qter
(D1S81 and D1S8). 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 imbalance 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-1 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. B-casein) in the mouse mammary gland and
in mammary epithelial cells in culture. 1In
mammary epithelial cells in culture we measured
the levels of f-casein promoter activity, as a
correlate of hormone induced differentiation,
and of the transcription factors AP-1 and
Oct-1. The activity of the p-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-1 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-1 activity (and of fos and jun mRNA) and was
accompanied by a failure of the lactogenic
hormones to trigger activation of the f-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-1 activity high.
In a sample of malignant human mammary tumours
AP-1 activity levels varied from undetectable
to very high.
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CHROMOSOME 17gq LINKAGE STUDIES OF 19 FRENCH
BREAST CANCER AND BREAST-OVARIAN CANCER
SYNDROMES FAMILIES.

S. Mazoyer (1), S.A. Narod (2), D. Lyonnet
(3), P. Lalle (4), B. Jamot (1), A.P. Morel
(1), P. Rio (4), Y.J. Bignon (4) and H. Sobol
§0a0a (Roa PP Ie e, SES vy (SRAHG,, Lo
Genelius MeGill University 10803 Montreal,
Canada ; (3) CHNRS URA 620, Institut Curie,
75231 Patis, France ; (4) Oncoloylie-
Moléculaire, Centre Jean Pertin, 63011
Cletmont-Ferrand, France.

A ygene for eatly onset familial breast cancer
(BRCAl) has recently been mapped to the
chromosome 17412-421 region. A same 1loctus was
assignhed Tour the breast and ovarlan cancer

syndrome. In order Lo confirm the ygene
location and Lo test for possible genelic
heteroyeneity, we have conducted linkage
analysis in 19 French breast and breast-
oval tan carcinoma syndtome families (14 and 5
respectively) with five chromosome 174
markers (from centromere Lo telomere:
D175250, D178579, 4206, NM23 and D17574).
The five breast—-ovarian cancer syndrome

Families as a group yive positive evidence
fur linkaye (Lod score=2.29 al 0:=20.00 with
D178579, Lhe moust closely linked wmarker Lo
breast cancer) whereas the breast cancer
families as a grtoup do not (Lod score = 0.05
atl 0 - 0.01 with D178579). Hetlerogeneily of
linkage of breasl cancet is significant in
France and suppotl the existence of wmore than
vne susceplibility ygene. From the study of
two exblensive famllies 1in which & mewmbers
with olher cancers carty the haplotype linked
Lo susceplibility, it is suygydgested that the
BRCAlL gene could alsu be i1elated Lo  Lhe
develupment of olher cancers.
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SEQUENCE ANALYSIS OF THE int-2/fgf-3 GENE IN AGGRESSIVE
HUMAN BREAST CARCINOMAS

Shari Meyers and Jaquelin Dudley, Dept. of Microbiclogy,
University of Texas at Austin, Austin, TX 78712

A number of primary human breast carcinomas have
amplification of the chromosome 11 region containing the
int-2/fgf-3 proto-oncogene, and progression of breast
cancers has been correlated with int-? amplification or
with certain restriction fragment length polymorphisms
(RFLPs) of the int-2 gene. Using the polymerase chain
reaction (PCR), we have obtained the int-2 coding
sequences from six primary tumors, four of which had
amplification of the int-2 gene and one contained
amplification of the neu genec. 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 int-2 gene, as well as a previously
undescribed polymorphism at position 9154, were located
within the intron between the second and third exons. A
seventh tumor was used to localize one of the Pstl RFLPs 5
bp from the splice acceptor site of the third exon.
However, none of the tumors analyzed showed differences in
the int-2 protein coding regions compared to normal
placenta DNA. These results imply that aggressive human
breast cancers encode an unaltered form of the int-2
protein,
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p53 mutations and abnormal pattern of p53 protein expression
in human breast cancer.
J.P. Molésl'z. R. Mamrsl, J. Simony—LAfonlainc3 B }acque,mic:r4 P. Jean(eurl.
C. Tht:i“ctl.] URA CNRS 1191, Génétique Moléculaire, 34095 Montpellier cedex §, France.2,
CRBM/CNRS Dermatologie Moléculaire, Route de Mende, 34033 Montpeliier, France.3, CRLC Val
d'Aurelle, 34094 Montpellier cedex 2, Francc.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 pS3 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 nucleotide
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
foss 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 20um 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 all 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 pS3 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-pS3
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 (CM1, 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 €@/ G. Riou Pr A.J. Levine ©; @pept. of
Pathology, SUNY at Stony Brook, Stony Brook, NY 11794~

8691; b 1ab.de Pharmacologie Clinique et Moleculaire,

Inst. G.Roussy, 94805 Villejuif, Cedex, France; € 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 FACTOR 1IN BREAST CANCER

J.J. Morris! and E. Seifter2, Emeritus Chief Plastic
Surgery, South Nassau Communities Hospital, Oceanside,
New York, 2Emeritus Professor of Biochemistry and
Surgery, Albert Einstein College 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, simple 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!, Chantale T. Guy!, M.A. Webster!, M.
Schaller?, T. Parsons?, R.D. Cardiff?, Malcolm Trimble?, John
Hassell?!, and W.]. Mullerl. 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 (MMTYV) 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 reveated that FGF3 transcription in these iesions
was non-uniform, in striking contrast to the clonal tumors that
arise from MMTYV 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 in the tumors, suggesting either an
early cryptic role in t development or that these genes
are merely passen on the 1113 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 credentiails 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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EXPRE
CANCE 1 | > 1
w.J.Gullick™, N.R.Legoine’, D.MJBarnes™, D.P.H‘llywood',
C.M.Hughes™ , P.Smith™, E.Dublin™ and H.C.Hurst , ~I1CRE
Oncology Group, Royal Postgraduate Medical School,
Hammersmith Hospital, Du Cane Road, London W12 ONN; “ICRF
Clinical Oncology Unit, Guy's Hospital, St. Thomas's
Street, London SE1l 9RT.,

S510N OF THE ERBR3 PROTO-ONCOGENE PRODUCT IN BREAST

Abnormalities of the FGF receptor and/or the related
ERBBZ receptor occur in a significant proportion of

cases of human breast cancer and are important influences
in the behaviour of this tumour type. We now demonstrate
by nucleic acid analysis and immunohistochemistry that
the recently recognised thivd wember of this receptor
gene family, ERBB3, is overexpressed in 43 out of 199
cases (22%) of primary breast cancer. Overexpression

of ERBB3 appears to result from increased levels of

gene transcription since none of the cell lines or
primary cancers analysed showed evidence of gene
amplification. Overexpression of ERBB3 is positively
assoclated with the presence of lymph node metastases.
Our results suggest that the ERBB3 oncogene, like its
relatives EGFR and ERBB2, may also be involved in the
pathogenesis ot breast cancer.
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ROLE OF THE HER-2/ncu GENE IN 1{UMAN BREAST AND
OVARIAN CANCER

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

The HER-2/neu proto-oncogene encodes a growth factor
receptor which is overexpressed in 20-30% 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 number of cases. This association
between HER-2/neu amplification/overexpression and outcome
suggests that the alteration may play some causal role in the
pathoyenesis. To test the potential role of HER-2/ncu
overexpression in altering the biologic activity of human breast
normal and malignant epithelial cells, a number of in vitro studics
were conducted in which single-copy, low expressing cell lines
were converted to muliiple copy, high expressing cell lines. The
biologic effects of HER-2/neu overexpression were then measured
including 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 us well as the non-transformed immortalized breast cell lines.
In the normal primary breast cells there was no evidence of these
cffects with HER-2/neu overexpression alone.,

Manoclonal antibodies directed against the extracellular
domain of the receptor can suppress all of the biologic eftects
induced by HER-2/neu overexpression both in viuo and in vivo.
Preclinical studies indicate that these antibodies can be effective in
completels suppressing growth of human temor cells as well as
mulignant 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 these antibodies in combination
with other therapeutic modalities indicates that this cytostatic effect
can he converted into a cytocidal effect. These observations have
led to the development of new treatment strategics directed at this
molecular alteration and these strategics 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 tnis I'gand has led to further insights
into the role of the HER-2/neu protean in the pathogenesis of human
breast cancer.



HORMONAL CONTROL OF TRANSACTIVATION/REPRESSION OF THE
HUMAN PROGESTERONE RECEPTOR GENE IN BREAST CANCER CELLS
Aian Robinson!, Robin Fuchs-Young!, Saverio Bettuzzi2, and Geoffrey L.
Greene!. 'University of Chicago, Ben May Institute, Chicago, lllinois 60637;
2Universita di Modena, Istituto Chimica Biologica, 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 (ATGg ) 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 uriranslated region preceding the ATG g codon a. v ‘ell as in the intragenic
region that includes the ATGg codon. To detern.ine whether these
sequences comprise 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 ATGpg 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, prog 2stins 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
exprassion in MCF-7 cells. At present, it appears that both transcriptional
activation and repression can occur through this downstream cis-acting
ciement 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 betwazen 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). (1) 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 1is 1linked to a
susceptibility gene on chromosome 17; the
maximum two-point LOD score seen was 4.20 at 5
centiMorgans distance from the D17S5250 locus.
Because linkage in this family is not in doubt,
DNA probes can be used to indentify probable
gene carriers from birth. Using five 1linked
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 bhe 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
vomen 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 173-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 metabolism
catalyzed by placental-type 17HSD in cultured
cells.

The 17HSD c¢DNA 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-
mé6 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 17HSD. The data suggest that over-
expressed placental 17HSD has predominantly
reductive activity and that there seems to be
another enzyme responsible for the oxidative
activity in the C0OS-mé6 cells which could not
be detected with the antibodies to human
placental 17HSD.



HUMAN BREAST CANCER AUTOANTIGEN DETECTION IN
EXPRESSION cDNA LIBRARIES.

J. Racevskis, Montefiore Medical Center,
Department of Oncology; 111 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 Agtiil
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
reactivity 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 (1.6kb 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', M. Holt?, J. Ritter’, S.A. Wells, Jr.!, Helen
Donis-Keller?, 'Departments of Surgery, *Genetics and
3Pathology, Washington University, St. Louis, Missouri.

Loss of heterozygosity (LOH) for a number of
chromosoma!l loci has been reported in invasive breast
cancer, suggesting a role for tumor suppressor genes in the
oncogenesis of this disease. LOH of 17p13, which contains
the pS3 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 cells 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 D178513, 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 17p13 in DCIS
suggests a role for a tumor suppressor gene early in the
development of breast cancer.



EXPRESSION OF THE CHROMATIN REGULATORY
PROTEIN HMG-1 IS AN ACCURATE DIAGNOSTIC
MARKER FOR NEOPLASTIC PROGRESSION OF
MAMMARY EPITHELIAL CELLS

T. Ram!, R. Reeves2:3, H. Hosick!: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 CF CHROMOSOME 17 TO BREAST
CANCER AND THE SEARCH FOR A TUMOUR
SUPPRESSOR GENE.

J.H.Riley?, J.A.Fildes! K.Hudson?, Y.Nakamura2 and
R.Anand1.1Biotechnology Department, ICl 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, 13qg, 16q, 17p as well as 17q21 were lost
in breast tumours . These results suggested that there was an
accumuiation 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 17g21-23 including YACs from many known loci,
including; erb2b,nerve growth factor receptor, growth
hormone1 and 2, nm23, protein kinase ¢, oestradiol
dehydrogenase 3, retinoic acid receptor «, hoxll , prohibitin,
GIP and glycoprotein Illa. Additional YACs were isoiated
from cosmids known by in situ hybridisation to come frem
17921-23..

We have developed vectors to allow the modification ot 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, PROLIFLERATIVLE ACTIVIUTY AND
HISTOLOGIC GRADE AS PROGHNOSTIC FACTORS OF DUCTAL
BREAST CANCER

A. San Rom nl1 J. Solal, C. Baldonad02 and

J. Vasquez~, “Dept. of Pathology; dept. of Obste-
trics and Gynecology, Clinica Universitaria de
Navarra, Pamplona, Spain

Flow cytometry (FC) analysis and imadge
analvsis (IA) including DNA index (ploidyv status)
and proliferative activity (%S and %S + G2/M)
were done on paraffin-enhedded 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 siqgnificantly related tc 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 %8
or %S + G2/M above the median: patients with
%S + G2/M greater than the median value showed
shorter time to recuirence (p=0.024) and shonrter
survival (p=0.046). Multivariate analysis u.cing
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-~ONCQOGENES ON
CHROMOSOME 11Q13, INVOLVED IN HUMAN BREAST
CANCER AND SQUAMOUS CELL CARCINOMA.,

Ed Schuuring ", Els, Verhoeven®,, Sergey
Litvinov', Hans Peterse‘, Wolter Mooi* and Rob
Michalides”.

1Dept. of Pathology, University Hospital,
Leiden, and Dept. of Tumor Biology, The
Netherlands Cancer Institute, Amsterdam, The
Netherlands.

Amplification of the human chromosome 11413
reglion is frequently observed in breast cancer
and squamous cell carcinomas of the head and
neck, and is indicative of poor prognosis. The
previously identified proto-oncogenes within
this region, INT-2 and HSTF-1, 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 11q13
amplification. One of them, U21B31, is

identical to the recently described PRAD-1 (or
cyclin D1) gene that is involved in cell cycle
regulation. The other putative oncogene, called
EMS-1, encodes a protein that is normally
associated with the cytoskeleton.It contains a
SH3 domain and an internal tandem repeat.
However, in tumor cells with an 11gqt3
amplification, this protein is mainly found in
cell-substratum contact sites. Overexpression
and relocation of the EMS-| gene product might
contribute to the invasive potential of tumor
cells with an 11ql3 amplification,
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pb3 MUTATIONAL SPECTRA IN PATIENTS WITH HISTORY OF
ATYPICAL HYPERPLASIA (FEMALES) AND BREAST CANCER ( F[MALES
AND MALES). A. Seth', J. Mariano!, R. Metcalf, D. Palli’,
S. Kottaridws A. Panayiotakis’, H. Li', s. B1anch1 and
1. S. Papas', 'laboratory of Molecu]ar Oncolog¥ National
Cancer Institute, Frederick, MD 21702-1202; ‘laboratory
of Human Carcinogenesis3 National Cancer Institute,
Bethesda, MD 20892; “Centro per to Studio e la
Prevenzione Oncologica, Florence, Italy; ‘Hellenic
Anticancer Institutc, Athens, Greece.

Mutations of the p53 tumor suppressor gene are the
most common genetic lesion in human cancers and appear to
be relattvely common (30%) as somatic cell mutattions in
breast cancer. p53 mutations have also been frequently
reported 1in 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 history of
atypical hyperplastic lesions have an increased frequency
of germline p53 mutation, as well as whether these
atypical hyperplastic lesions exhibit somatic pb3
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
Jesions of the cancer patient samples showed no germline
or somatic cell mutations, suggesting that the pS3
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.
Nf 10 samples investigated for p53 mutations in exons 7
and 8, only one sample showed a point mutation in the ONA
sequence corresponding to amino acid 290 (CGC-CGT,
Arg-Arg); however, this point mutation turned out to be a
silent change, thus representing only ONA 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 pb53 mutations.
Previously, such low frequency of p53 mutations have been
reported in patients with medulloblastoma (10%) and
mesotheliomas (20%).
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A GERMLINE MUTATION IN THE DNA-BINDING DOMAIN
OF THE ANDROGEN RECEPTOR IN FAMILIAL MALE
BREAST CANCER.
M.R‘Str?tton , R.Wo?ster1, J.Mangi8n1,
R.Eeles D.Averill', B.A.J.Ponder®,

.Easton

Sections of Molecular Carcinogenesis and
Epidemiology, Institute of Cancer Research,
15 Cotswold Rd, Eelmont, Sutton, Surrey SM2
S5NG, UK; “CRC Human Cancer Genetics Research
Group, Department of Pathology, University of
Cambridge, Tennis Court Rd., Cambridge, CB2
1QP, 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. Seqguence
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 THE I1q13-BASED AMPLIFICATION
EVENTS IN BREAST CANCER

Picrre Szepetowski, Anouk Courscaux, Danielle Perucca-Lostanlen &
Patrick Gaudray. LGMCH, CNRS URA 1462, Faculté de Médecine 06107
NICE, FRANCE.

DNA amplification obscrved in human cancer is thought to
activate oncogenic functions which participate dircetly in the tumoral
process. This simple idea is based on the "one amplicon-one gene"
model derived from in vitro studies on drug resistance. However,
selective forees 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. The concept of amplifiable genomic region could
thus be more complex than primarily suspected. Morcover, heing
selected cither alone or in various combinations, amplicons could
overlap  for functional and/or structural reasons. These issues are
particularly critical in breast cancer where DNA amplification is
frequently encountered.

We have started to disseet amplification events taking place at
Ig13 in mammary carcinomas, where they witness a rather negative
outcome of the disease. We have shown that (at least) three discrete
sub-regions of 11q13 were amplifiable separately. The central one
corresponds to the arca encompassing FGF3 (INT2), FGF4 (HST) and
BCLI which was the first one demonstrated to be amplified in ca 20%
mammary tumors. It is tightly associated to the cyclin D1 gene
(CCNDI). On its telomerie side, the newly discovered GARP gene
defines additional amplicons for which the gene under selection has to
be identified.

We have focused our interest particularly onto the region of
L1g13 centromeric from BCL 1 where D11S97 has been used to define
apparently independent amplification events. The use of more
centromeric probes confirms the existence of this amplicon and precise
the boundaries of the arca where the responsible gene(s) should be
looked for.
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Chromosome 17 allele loss and c-erbB2 amplification In breast tumours
Mahvash Tavassoli, All Zlace & Nigel Kirkham
Abstract;

Chromosomal delstions, associated with the loss of nomnal function in tumour
suppressor genes, have been Identified in a variety of both famitial and sporadic
human cancers. Afthough the molecular pathology of breast cancer is not understood,
soveral studles have datected chromosomal deletions which have been identlfled by
the loss of heterozygosity (LOH). Prominent amongst these are chromosome 17
daletions, suggesting the Involvement of chromoasome 17 located tumour suppressot
géoness in the development of braast cancer. We have used a number of polymorphic
markers including VNTR, restriction site polymorphisms and microsatellite markors to
oxamine chromosome 17 dslotions in a panel of 51 malignant tumours,

Chromosome 17 LOH and c-arbB2 gene amplification was analysed In these tumours,
plus thelr lymph nods metastasls. The majority of chromosome 17 delations appear
10 be Interstitial and affect chromosome 17p13.3, near the TP53 locus, Amplification
of c-erbB2 oncogene was detected In 22% of breast tumours analysed aid correlated
with LOH on 17p. Loss of 17p heterozygosity seemed an early event in the
development of breast cancer with no significant correlation to lymph node metastasis
and/or histologleal type of tumours. Our data suggests the involvement of loc!, distal to
the P53 tumour suppressor gene on short am of chromosome 17 in the molecular
pathogenesls of breast cancer.
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FLG/FGFRI and PLAT as markers of amplification
at chromosome 8pl2 in breast and ovarian
cancers.

C. Theilletl, J. Adélaidez, G. Louasonl, J.

Adnanea, J.S. Hernandez-Gonzalez~, J.
Jacquemier<, P. Gaudray3, D. Birnbaum?.
1Génétique Moléculaire CNRS URA 1191,

Montpellier. < Institut Paoli-Calmettes, Bd
Sainte-Marguerite, Marseille; -SLGMCH CNRS URA
1462 Nice, France.

Two FGF receptor (FGFR) genes, FLG/FGFRI
and BEK/FGFR2 located at gpl2 and 10926
respectively, are amplified in approximately
12% of primary breast tumors (Adnane et al.,
Oncogene, 1991). We focused our efforts on the
8pl2 region and extended our analysis to
another marker of this region, PLAT.

In our series of 173 breast cancers,
FLG/FGFR1 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 101 ovarian cancers,
amplification of PLAT (12.7%) was observed more
frequently than that of FLGF/FGFR1 (4.9%). The
amplification of PLAT in tumors where FLG/FGFR1
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/FGFR1 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/FGFR1 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/FGFR1 nor PLAT behave
as targets of the amplification observed at
chromosome 8plZ2.
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A SURVEY OF GENETIC ABNORMALITIES IN BREAST
CANCER

A.M. Thompson; Department of Surgery,
University of Edinburgh, Scotland.

Oncogenes, tumor suppressor genes, jrowth
factors and hormonal influences may all play an
important role 1in breast cancer. This study
cxamined a series of untreated primary breast
cancers for specific genetic abnormalities.

Eighty invasive breast cancers were snap-
frozen in liguid 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 - pS53, ¥YNZ22, THHS9 (all on chromosome
17); DCC and apc - by Southern blotting. The
DNA was also screened for p53 mutations
following PCR of ecxons 5-9, by the HOT
technique and mutations confirmed by dircct DNA
sequencing. Northern blots of RNA from tumor
tissue were compared with normal breast for
cxpression of the oncogenes c-myc c-erbB-2 and
H-ras, the growth factors TGFA1 and pS2 and the
tumour suppressor genes p53 and DCC.  Full
clinical details and patuological parameters
including tumor estrogen receptor protein
content were documented. Loss of
heterozygosity (LOH) at YNZ (in 60% informative
patients) was the most common feature. p53
mutation, THHS59 LOH, LOH at the colorectal loci
(DCC/ape) oncogene or growth factcr over
cxpression cach occurred in upto a third of
patients. Genetic profiles for individual
tumors suggested that some combination of tumor
suppressor loss and oncogene overevpression was
present but indicated the diversity of genetic
abnormalities involved. This survey points to
future approaches 1in understanding the
molecular and genctic abnormalitics 1n breast
cancer.
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P53 MUTATIONS AND PROTEIN EXPRESSION IN
ICELANDIC BREAST CANCER PATIENTS:
CORRELATION WITH PROGNOSIS.

Steinunn Thorlacius, Bjorn Thorgilsson, Steinunn
Sveinsdottir. Helga M. Ogmundsdéttir and Jérunn E. Eyfjord
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 ELISA. Mutations in
exons 5. 7 and & were found in 17 of the 109 samples (16%).
Loss of heterozygosity was detected with p53 probes in 71%
of the mutated cases. All cases were checked for germline
mutations but none were found. P53 protein expression was
detected 1n all mutated samples except those with nucleotide
deletions. These data are being analysed for correlations
between p53 mutations. the degree of p33 protein expression
in the tumour, levels of p53 protein in serum as well as
chinical parameters including stage of disease, recurrence of
malignancy and survival. Preliminary analysis suggests a
streng correlation between p53 mutations and short-term
mortality.
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RATMAMMARY TUMOR CELLSASA MODELTOSTUDY
FATTY ACID EFFECTS ON p53 EXPRESSION

Joannc Kivela Tillotson, Zeev Ronai, and Leonard A. Cohen,
American Health Foundation, Valhalla NY 10595.

Rt mammary tumors induced by N-nitrosomethyvlurea (NMUD) or 7,12-
dimethylbenz(a)anthracene (DM BA ) are commonly used as mode] systems to
investigate the modulating etfects of dietary factors on breast cancer. It has
been shown that 86" of NMU-induced tumors and 230 of DMBA-induced
tumors carry a carcinogen-induced mutiation in the Ma-zas gene (codon 12 for
NMLU and codon 61 for DMBA). Dietary fats were not found to affect the
frequency of ras mutations in the NMU model. yvet did attect final incidence
of tumors when administered during the promotion phase in both models.
Since p33 alterations appear to be late events during carcinogenesis in some
tissue types,  we have investigated whether these fatty acids might affect
expression and, in turn, activity of the pS3 tumor suppressor gene in cells from
these tumor models. /n vitro analysis of p533 expression was carried out with
2 established cell lines. NMU (ATCC CRI1. 1743) und RBA (ATCC CRIL.
1747). derived from rat mammary tumors inttiated by NMU and DMBA,
respectively.

When cultured in RPMI medium comammg 100 FBS. both cell hines
over-express p33 as determined by immunocytochemistry u\mz. the
monoclonal antibody clone Pab 240. "Ulsing metabolic pulse chase labeling
followed by immunoprecipitation and SDS-PAGE uanalysis. both cell hnes
were found to express pS3 protein with u prolonged half- life of 1 172 1o 2 hr.
Accumulation of ps3 to high levels commonly indicates the presence of a
mutant form of the gene, suggesting that both RBA and NMU may carry
mutations in this tumor suppressor gene.

To study the effects of serum concentrations in general, and fatty acids in
particular. on p33 protein expression. we exposed NMU cells to medium
containing high serum (10" fetal bovine serum, FBS), low serum (1% 'BS).
or Jow serum plus L pgsml finoleicacid (LAY in the form of LA-BSA complexes.
Growth rutes for NM U cells are reduced by 30-60"in 170 FBS compared with
100 FBS. while addition of EA-BSA complexes results inan miermediate
growth rate. Afler 3days in the experimental mediam, cells were metabolically
Tabelled with 7S-methionine ind the level of p33 protein expression was
determined by immunoprecipitation and mlmadmgr\ph\ We tound pd3
expression to be higher in NMU cells maintained in low serum (1) than in
those grown in h\l_h serum (107 0), or those exposed to low serum inthe presence
of T A-BSA - Interestingly. the nereased pa3d expression m cells grown in low
serum was found to correlate with their slower growth rate. and the ability of
L. A-BSA to mcrease growth rate is consistent with its actvity m reducig pd3
EXPression.

These studies suggest not only that both NMU and DM BA-induced rat
mammary tumor cells may contim pa3 gene mutitions, but also that levels off
P33 protein synthesis may be intluenced by fatty acid levels moa relationship
that is the mverse of the growth 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 Touitou1, F. C-apony1, J.P. Brouillet2, and H. Rocheforﬂ"?,
TINSERM, Unité 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-SSCP protocol 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 celis 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 Lancet ii, 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 tranggenic animals Induced by the WAP-SV-T
hybrid gene

Yin-Jeh Tzeng, Eva Guh!, Monika Graessmenn and Adolf Graessmann.

Institut fuer Molekularbiologie und Biochemie der Freien Universitast Berlin,
Arnimalleg 22, 1 Berlin 33, Germany

Abstract:

After injection of the WAP-SV.T hybrid gene Into fertilisad mouse oggs, elght
independent transgenic mouse lines were obtained. Famalos from three lines
developed mammary carcinomas with high frequency, colnclding mostly with
lactation. In contrast to the endogenous WAP gene, expression of the hybrid
gene continued after lactation. The tumor cells had a very invasive growth cha-
racteristic. Tumor regression in vivo was nol observed. Howevor, after transfer
Into tissue culiure 25% of the celis ceased to express thae hybrid gene and acq-
uired the growth characteristic of normal cells. It was possible to retransform
these cells by Injection of wt SV40 DNA, but not after transfer of the hybrid
WAP-SV-T gene.

78



RETINOIC ACID RESISTANCE OF ESTROGEN-
INDEPENDENT BREAST CANCER CELLS COINCIDES WITH
DIMINISHED EXPRESSION OF FUNCTIONAL RETINOIC
ACID RECEPTORS

Bart van der Burg, Bas-jan M. van der Leede, Linda Kwakkenbos-
Isbriicker, Simone Salverda, Siegiried W. de Laat, and Paul T. van
der Saag. Hubrecht Laboratory, Uppsalalaan 8, 3584 CT Urrecht,
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 irhibitory 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.

RARo mRNA was highly expressed in the RA responsive lines,
but not in the unresponsive lines, except BT20. With the exception
of HsS78T, also RARBS 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 thar 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 REGULATION OF CYCLIN
GENES IN HUMAN BREAST CANCER.

CK Watts, MF Buckley, K] Sweeney, R Sini, JA Hamilton, DL Manning",
RI Nicholson®, A deFazio, EA Musgrove, RL Sutherland. Cancer Biology
Division, Garvan Institute of Medical Research, St Vincent's Hospital,
Sydney, NSW 2010, 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 effects of breast cancer cell
mitogens and growth inhibitors and are also candidate oncogenes. To
investigate these possibilities we have analysed the mRNA expression of
the Gl-phase C, D1 and E cyclin genes in T-47D breast cancer cells
stimulated by insuiin to progress semi-synchronously through the cell cycle
under serum-free conditions. Secondly, we have studied cyclin genes in 20
human breast cancer cell lines and 148 breast tumor samples by Southern
and Northern blot analysis.

In T-47D cells, cyclin D1 mRNA was induced within 2 h of insulin
treatment (10 pg/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 12-15 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 Southern blot analysis produced the following 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 ling; 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-75-1 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
D1 mRNA.

These data are consistent with a role for the Gl-phase cyclins D1 and E
in mediating mitogenic responses in breast cancer cells and show that
cyctin D1 is commonly dysregulated in human breast cancer cell lines and
tumors.

80



CHARACTERIZATION OF CALMODULIN-LIKE PROTEIN (NB-
1) 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, California.

Because of the central role that calcium regulation plays in both
growth and differentiation of epithelial cells, proteins involved in
calcium mediated pathways are potential targets of carcinogenic
changes. The NB-1 gene encodes a 16 kD protein which is identical
in size and shares §5% amino acid identity with human 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 pseudostratified and stratified epithelial
tissues. Using specific polyclonal antibodies developed ir our
laboratory, we have localized the expression of NB-1 protein in fixed
tissue sections from histologically normal human breast, prostate, skin
and cervix. Ineach 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 immortally and
tumorigenically transformed derivatives of normal human mammary
epithelial cells. Expanded immunohistochemical studies are now
being conducted to determine at what stage(s) of carcinogenic
progression and in what 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, calmodulin 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-1 protein can be
functionally distinguished from calmodulin. Experiments are now
under way to isolate and identify human mammary epithelial cell
proteins which are preferentially bound and regulated by NB-1
protein.
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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', P. Speiser! K. Czerwenkal, U. Pruckner?,

Ch. Oberkanins?2, F. Kury2 and E. Kubista’l

1First Department of Obstetrics & Gynecology, University of Vienna,
Viennal.ab, 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
Immunohistochemical procedures and some immuno assays are
available, but most authors report the use of radicligand binding
assays. However; most of these binding assays are not comparable,
since they differ greatly in the preparation of membranes, quality of
iodinated EGF, separation of bound from 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 samples. 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 stabie for at least 4 months
without any increase in unspecific binding. For the measurement of
unspecific binding a 200fold excess of unlabeld EGF is used, EGF
being supplied in 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 cv. less that 10%. An excellent correlation
between data from this single dose assay and data obtained by
muitipoint scatchard analysis has been noted For the determination
of the membrane 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 mg/ml and 0.75 mg/mi.
EGFR was determined in membrane preparations of more than 500
primary breast carcinomas Measurable receptor concentrations
ranged from 1 fmol/mg to 768 fmol/mg membrane protein. Arbitranly a
cut-off value of 5 fmol/mg was choosen These data will be discussed
in respect to estrogen and progesterone receptor status. histo-
pathological and clinical data



LOSS OF HETEROZYGOSITY ON CHROMOSOME 17 IN HUMAN
OVARIAN CARCINOMA.

M. Ziegler'\ F. Xynos", D. Gemell', and N. Phillips', 'Pulhology and
:()bsxetrics/Gynecology, St. Louis University School of Medicine, St. Louis,
Missouri and Pathology. ‘Washington University School of Medicine, St.
Louis, MO

Twenty-seven ovarian carcinomas (Cas) and 3 ovarian tumors of low
malignant potential ({LMPs), a closely related malignant epithelial tumor
that presents at younger ages, has slower progression, and better stage-for-
stage prognosis than Ca, were examined fer loss of heterozygosity (LOH) on
chromosome 17. We studied 15 loci, 6 on the p arm (144D6(S34),
YNZ22(S30), YNH37.3(S2K), phpS2B(TP52), MCT35.1(S21), EW301(S58))
and 9 on the g arm (EW207(S73), EW 102(S41), CMME6(S74), EW101(S40),
HG7Bg4Apai(prohibitin), p63 (RARA), pNM23-HI(NM23), THHS59(S4),
and RMU3(S24). 90% of the tumors had some LOH. Thirteen tumory, all
high-stage (111, IV) Cas. had LOH at all informative (inf.) loci, possibly
representing monosomy. Fourteen tumors had LOG#H at some but not all inf.
loci; 13 were Cas, 6 low-stage (1,11) and 7 high-stage(1[1,1V}, and the other
was a tLMP. Three tumors were heterozygous at all inf. loci. the other two
tLMPsand an extremely well-differentiated Ca. The 31LMPshad | LOH/15
total inf. foci versus 109 LOH/159 loci in the 27 Cas. YNZ22 had the highest
LOH rate of all loci, 94%, and this locus constituted the single p arm
common region of deletion bracketed by 144D6 (LOH 56%) and by
YNH37.3 and TP53 (LOH 67%). Three tumors had LOH only at YNZ22;
one, a tILMP, was also informative and heterozy rous at TP53. There may be
a second locus on pi3 distal to TP33 involved in ovarian carcinogenesis, as
has been suggested for breast Ca (Sato et al Ca Res 31:5794, 1991). High
LOH rates were also noted at EW301(pt1) (82%), a q21 cluster including
EW 102, CMMS6, EW 101, and prohibitin with LOH of 63-75%,, and THHSY
(69%). CMME6 has been linked o early-onset familial breast Ca and breast
ovarian Ca (Hall 2t al. Science 250:1684, 1990; Narod et al Lancet 3358:82,
1991). One carcinoma has its only LOH at the prohibitin locus. On the p
arm, there is a single common region of deletion on p13.3 separated from a
second high LOH locus at p11.2 by a low LOH (38%) locus. The g arm has
diffusely high LOH at loci distal to 412 but does not have a clear common
region of deletion.
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DOWN REGULATION OF GAP JUNCTIONAL
COMMUNICATION IN BREAST CANCER

R. Sager!, C. Tomasctio!, M. Neveul, S. Lee!.2, TDana-Farber
Cancer Institute, Boston, MA; ZDivision of Cancer Biology,
Univ. of Michigan Medical School, Ann Arbor, ML

Gene cxpression may be lost either by a change in DNA,
referred to as Class I, or by a change in regulation (Class ID.
We stress the therapeutic importance of Class 11 changes
because they are potentially reversible by treatment, c.g.
drugs. By subtractive hybridization we select candidate tumor
suppressor  genes  cexpressed in normal human mammary
epithelial cclls but not in breast tumors.  Conncxin encoding
genes Cx26 and Cx43 were found by this method. Conncxins
form gap junctions, which function as channcls of dircct
communication for adjacent cells in solid tissues, transferring
small molecules such as ions and sccond messengers up 10
about | 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
cxperiments using rodent fibroblast cell lines.

We have shown that the loss of GJIC in breast cancer is
recgulated transcriptionally, lcading to the absecnce of mRNA,
protein, and GJIC in tumor cells grown in culture.
Furthermore, in vivo, immunocytochemical staining has
revealed the presence of connexin protein in normal  lumenal
mammary cpithelium but not in preliminary studics of 8
tumors.

Transfection of cither Cx26 or Cx43 (under control of an
cxogenous promoter) into non-expressing tumor cells has led
10 re-cxpression of mRNA, and protein, and restoration of
GHC. Of most significance for potential therapy, we have
found that Cx26 can be induced to re-cxpress in breast cancer
cell lines by treatment of cells with phorbol ester.  Thus,
tumor cells have lost GJIC as a consequence of down-
regulation of €x26 and Cx43 genes, but the wild-type gene is
still present and can be induced to re-express.
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Matx metalioproteinases (MMP) are believed to play an important
role in tumor invasion and metastasis. The MMP family comprises
type | collagenases, type IV collagenases and stromelysins. In the
iater group, stromelysin-3 {(ST3) has unique characteristics. The
S13 substrate(s) is presently unknown, but the sequence differs
frorm prvicusly described MMPs, in ways suggesting that the new
MNP may be distinct in its activation properties and its substrate
speciicity. 8T3 BNA has been found in all the invasive breast
carcinomas 0 far tested, and in some in_situ carcinomas, which are
often of the comego-type ST3 transcripts are exclusively observed
in Ybrotitastic cells xmmediately surrounding cancer cells. 513 gene
expression can na detected in breast cancer metastases observed
i lymph nodes, skin, bone, liver and pleura. Although tre
expression pattern of S13 gene is characteristic of the new MMP,
several hnes of evidence suggest that ST3 may cooperate in tumor
invasion with other proteirases and extraceliular matrix
compenents, alsc preduced by tumoral fibroblasts of bresst
carcinomas
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MOLECULAR BIOLOGY OF CATHEPSIN D TRANSCRIPTION
AND SECRETION IN BREAST CANCER CELLS

H. Rochefort, P. Augereau, V. Cavaillés, F. Capony, F. Miralles, |.
Touitou, E. Liaudet and M. Garcia. Hormones and Cancer Unit
(U 148) INSERM, and Faculty of Medicine, University of
Montpellier 1, 60 rue de Navacelles, 34090 Montpeliier, France.

High cathepsin 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
invalved in 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 been 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/IGFil receptor and another membrane bound
transport system will be discussed in addition to the significance
ofaT ——C, Ala— Val missense mutation of the pro-fragment
which nas been identified by PCR-SSCP analysis as a
polymorphism. o

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!, M. A. Benedict!, N. J. MacDonald!, U. Flatow!, A. DeLaRosa?,
B. Zetter? ard A. Leone!. TLaboratory 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 transtected with the full length nm23-H1 cDNA linked to a
constitutive CMV promoter, and two stable high expressing clones
identified (H1-170, 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-§3, 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-H1 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 preteins, 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
ciphosphate, establishing the nm23-phosphoserine form as being
distinct from its NDPK activity.
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