GRANT NUMBER DAMD17-96-1-6026

TITLE: Role of Stroma-Derived Extracellular Matrix in Regulation
of Growth and Hormonal Responsiveness of Normal and Cancerous
Human Breast Epithelium

PRINCIPAL INVESTIGATOR: Terry Woodward
Doctor Sandra Haslam

CONTRACTING ORGANIZATION: Michigan State University
East Lansing, MI 48824-1046

REPORT DATE: September 1997

TYPE OF REPORT: Annual

PREPARED FOR: Commander
U.S. Army Medical Research and Materiel Command
Fort Detrick, Frederick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for public release;
distribution unlimited

The views, opinions and/or findings contained in this report are
those of the author(g) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

DYIC QUALITY INSPHOTEL »

19980317 169




Form Approved

REPORT DOCUMENTATION PAGE OMB No. 07040188

. . o : i i i iewing i ions, searching existing data sources,
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reV|eW|nﬁi;nggr%%trrlog:ﬁmate hi gny othe? o e

i ini iewing the collection of information. Send comments re ardinfg this | {
BN A g e . for Heday Thi rew%wm%ot Washington Headquarters Services, Directorate.?or Information Operations and Reports, 1215 Jefferson
g%l\lﬁgt ll-?igh%:y‘ffoéﬁ‘i?g%niolgf:lxgllirr:%t%l:\? elS\tlozlasZg)Zr-Etegéjf:%gnéh{g tt’tl:t:. (e)?fice of Managgement ar?d Budget, Paperwork Reduction Project {(0704-0188), Washington, DC 20503.

COVERED
1. AGENCY USE ONLY (Leave blank) ]2. REPORT DATE 3. REPORT TYPE AND DATES

September 1997 Annual (1 Sep 96 - 31 Aug 97)
4. TITLE AND SUBTITLE Role of Stroma-Derived Extracellular 5. FUNDING NUMBERS

Matrix in Regulation of Growth and Hormonal DAMD17-96-1-6026

Responsiveness of Normal and Cancerous Human Breast
Epithelium
6. AUTHOR(S)

Terry Woodward
Doctor Sandra Haslam

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES} 8. PERFORMING ORGANIZATION
Michigan State University REPORT NUMBER

East Lansing, MI 48824-1046

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES}) 10. SPONSORING/MONITORING
Commander AGENCY REPORT NUMBER

U.S. Army Medical Research and Materiel Command
Fort Detrick, Frederick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution unlimited

13. ABSTRACT (Maximum 200 ] . '
Specific extracellular matrix (ECM) proteins and their cellular receptors (integrins) are required for normal

mammary gland morphogenesis and differentiation, while their expression is dramatically altered during
tumorigenesis. It is not clear how ECM proteins affect breast tumor growth, however. We have examined the
effects of five ECM proteins on two estrogen (E) regulated events, proliferation and induction of progesterone
receptor (PgR), using estrogen receptor positive (MCF-7, T47D) or negative (MDA MB231) breast cancer cells.

In the presence of serum, E enhanced proliferation of MCF-7 or T47D cells on collagen I, collagen IV, fibronectin,
and vitronectin, but was less effective on laminin. MDA MB231 cells were not E-responsive on any ECM protein
in the presence or absence of serum. MCF-7 cell PgR induction was enhanced by E on all ECM proteins in the
presence or absence of serum, though response on laminin was weaker. In the absence of serum, MCF-7 and T47D
cells proliferated in response to E maximally on collagen I, followed by fibronectin or vitronectin. Howeyver, the
growth factors, IGF-I and EGF, were required for E-induced proliferation and PgR induction in the absence of
serum. These results have demonstrated that laminin can inhibit, while collagen I, fibronectin or vitronectin may
enhance E-mediated cell proliferation and PgR induction. Since specific ECM proteins may confer and others
inhibit E-responsiveness in breast cancer cells, therapeutic strategies may be designed to alter the ECM or integrin-
ECM adhesion in the tumor microenvironment to prevent tumor growth and spregding.

14._SUBJECT TERMS Broast Cancer 15. NUMBER OF PAGES

Extracellular Matrix, Estrogen, Progesterone Receptor, Cell Proliferation, 27
Breast Cancer Cells 16. PRICE CODE
17. SECURITY CLASSIFICATION [18. SECURITY CLASSIFICATION |19. SECURITY CLASSIFICATION |20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassified Unclassified Unlimited
F 298 (Rev. 2-89
NSN 7540-01-280-5500 gég;g};g%y 2{{3 & 249_1;31 }

e




FOREWORD

Opinions, interpretations, conclusions and recommendations are
those of the author and are not necessarily endorsed by the U.S.
Army.

Where copyrighted material is quoted, permission has been
obtained to use such material.

Where material from documents designated for limited
distribution is quoted, permission has been obtained to use the
material.

WT:/(Citations of commercial organizations and trade names in
this report do not constitute an official Department of Army

endorsement or approval of the products or services of these

organizations.

In conducting research using animals, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory
Animals, " prepared by the Committee on Care and Use of Laboratory
Animals of the Institute of Laboratory Resources, National
Research Council (NIH Publication No. 86-23, Revised 1985).

For the protection of human subjects, the investigator(s)
adhered to policies of applicable Federal Law 45 CFR 46.

In conducting research utilizing recombinant DNA technology,
the investigator(s) adhered to current guidelines promulgated by
the National Institutes of Health.

In the conduct of research utilizing recombinant DNA, the
investigator(s) adhered to the NIH Guidelines for Research
Involving Recombinant DNA Molecules.

In the conduct of research involving hazardous organisms,
the investigator(s) adhered to the CDC-NIH Guide for Biosafety in
Microbiological and Biomedical Laboratories.

AT M o)z Jo 7

PI - S ature " Date




TABLE OF CONTENTS
FRONT COVER.....coitiiiiiiiiiiiiiiiiiiiiiitirieeeee et enesnennsansessssessnssesensonssnessnns 1
STANDARD FORM (SF) 298.....0uttuiiiuuiitiiincienirinermurernerennersesessesssesssceensssnnssnns oo 2
FOREWORD......cooiiitiiiiiiiiiiiiiiiiiiiiiiiinienertneeenersseranessesesssessersessassssnsssnsonnns 3
TABLE OF CONTENTS....ccuiitiiiiiiiiitiiiiiiniiniiiireneeeeeeneresenesssescessesnssssssnssnsssnnmens 4
INTRODUCTION.....iuiiiiiiiiiiiiiiiiiiiiiiiiriretieeeteerneenieeseeseecssesssesesessnssennssnnnses 5
BODY
Experimental Methods.........c..oiuiiiiiiiiiniiiiiiiiiiieniiiieneenenrenieseeesssssencennsen 7
RESUIES...ceeieeiiiiiii it ter et eeneratetcensensesssssesnessnssncsnennes 9
)T ) 1) | N 11
Recommendations to Statement of Work........ccccuviuviiuiinninieenneeneeneenernnsennnn 14
CONCLUSIONS ... .ottt cteeensetneeetrranessnsesssemsssssssessssennssnsnnne 17
REFERENCES.......cccittiiiiiiiiiiiiiiiiiirieieneetierenereessnssnsessnsesssssessssssnnnmessansn 18
APPENDICES ... ..ottt ricretieettteraeraneeseeenseesesssssessessssnsssnssnssssmnens 20
Figure Legends.......c.ccvuiiuiiiiiiiiiiiiiiiiiiniiiininieniieiereerernsensesernesnssnscnnses 20
FIZUIE Louucuniiiiiiiiiiiiiiiiiiiiiiiiie e e ee e eeeeesteaeensneessnscnssnssnsensensen 21
FIGUIE 2..uciniiiniiiiiiiiiiiiiiiiiiiiiiiiie et eeecenteraeeaeenrsssancssesssasssonnnsanes 22
T4 N 23
Figure 4............ ettt 24
FIGUIFE S.ueneniiiiiiiiiiiiiiiii ittt e e e raesesen e tasnsnsssessssssesasnsnsenns 25
FIGUIE 6.uennnininiiniiiiiiiiiiiiiiii ittt e tire et eee s rae et eaesnesesecnsssessncnssasensnnen 26
FIGUIE 7ueneeiiiiiiiiiiiii ittt st ceeceetenesaecressaesessessencssnsenssnns 27




INTRODUCTION

Breast cancers are often divided into those that can be regulated by ovarian steroids and those
which are not responsive to endocrine therapys, i.e. estrogen independent. While more than 60%
of breast cancers are estrogen-receptor positive, only one third of estrogen receptor positive
tumors respond to endocrine therapy (Martin et al., 1994). Many researchers are currently trying
to understand the mechanisms involved in the loss of estrogen responsiveness, since estrogen
responsive tumors have a better prognosis and are less likely to become metastatic and invasive

when compared to steroid non-responsive tumors (Garcia et al., 1992; Moghazy et al., 1992.

Acquisition of estrogen-responsiveness in the normal mammary gland is also poorly understood.
Estrogen stimulates mammary development directly, independent of endocrine influences, but
has not been shown to stimulate the proliferation of isolated normal mammary epithelial cells, in
vitro. Epithelial cells do proliferate in response to estrogen, however, when cocultured with
stromal cells. Additionally, Haslam and Counterman (1991) and Cunha and coworkers (1997)
have demonstrated an absolute requirement for stromal-epithelial interactions in estrogen
induced mammary gland development. Stromal cells are largely thought to influence estrogen
induced epithelial cell proliferation by 2 major mechanisms, 1) alteration of growth factor
expression, and 2) alteration of extracellular matrix expression (Woodward et al., 1998).
Extracellular matrix proteins bind to cell surface receptors, including integrins, which may
stimulate intracellular pathways to induce apoptosis, differentiation, or proliferation, similar to
growth factor-intracellular pathways. Recently, our laboratory has demonstrated that normal
murine mammary epithelial cells can proliferate in response to progesterone in serum-free media

when cultured on specific ECM proteins.

Progesterone, like estrogen, has been shown to stimulate normal mammary epithelial cell
proliferation and mammary gland development (Skarda et al., 1989; Wang et al., 1990; Haslam
and Counterman, 1991). Progesterone, however, does not stimulate mammary gland
development until the acquisition of epithelial progesterone receptors, at 7-weeks of age in the

mouse. These progesterone receptors are E-inducible. Similarly, others have demonstrated that




breast cancer cell lines, including MCF-7 cells, also contain E-inducible PgR (Katzenellenbogen
and Norman, 1990). Progesterone may decrease proliferation of uterine epithelial cells. In fact,
P has been added to E in hormone replacement therapies to reduce uterine cancer risk (Mason,
1994). It is not well understood how P may influence breast cancer risk, though one report has
suggested that P added to E in HRT does not reduce and may actually increase breast cancer risk

(Colditz et al., 1995).

The current studies were designed to exam the role of ECM proteins, on steroidal responsiveness
of breast cancer cells. Specifically, we have examined the efféct of E on breast cancer cell
proliferation, when cells were plated on plastic, poly-L-lysine, collagen I, collagen IV, laminin,
fibronectin, or vitronectin in charcoal stripped fetal calf serum. Next, minimal conditions were
established for the culture of MCF-7 and T47D cells in serum-free media. Plating efficiencies on
all ECMs were also measured. It was also determined that growth factor (EGF, IGF-I) additions
to serum-free media were necessary to support E-induced proliferation: Cell proliferation in
response to E was reassessed on all ECMs in serum-free media with optimal growth factor
additions. In both serum-free and serum containing media, proliferation of the ER-negative

MDA MB-231 cells was also examined.

Estrogen-induction of PgR was determined in stripped serum on all ECM proteins for the MCF-7
cells. T47D cells had high constitutive expression of PgR on various ECMs, and levels were not
affected by E. PgR-induction in serum-free media was also determined for the MCF-7 cells on

all ECM proteins.

These experiments, therefore, will examine the role that ECM proteins have in E-induced events
in breast cancer cells, and determine which specific ECM proteins may influence E-action.
Identification of either acquisition or loss of E-action by specific ECM proteins, should shape
future research in determining how ECM may influence normal mammary growth and tumor

growth.




BODY

Experimental Methods:

Materials

IMEM and RPMI 1640 with or without phenol red were obtained from Biofluids Inc. (Rockville
MD). HBSS and Phenol-red free DME/F12 was purchased from Sigma Chemical Co., (St.
Louis, MO). All hormones, growth factors and media supplements were purchased from Sigma,
except IGF-I (Gropep Pty. Ltd., Adelaide, Australia), Non-essential amino acids and insulin (Life
Technologies, Grand Island, NY). Corning (Corning, NY) dishes and multiwell plates were
used. R5020 and 3H-R5020 were supplied by New England Nuclear Corp., (Boston, MA).
Charcoal/Dextran Treated FBS (DCC-FBS) from HyClone (Logan, UT) was used in all serum-
containing experiments. Purified rat collagen I, mouse collagen IV, ultrapure mouse laminin,
and human vitronectin were purchased from Collorabative Biomedical Division of Becton
Dickinson (Bedford, MA). Poly-L-lysine was from Sigma and human plasma fibronectin from

ICN (Aurora, OH).

Cell lines

T47D cells that were growth responsive to E were supplied by Dr. Barbara Vonderhaar (NCI,
Bethesda, MD) and MDA MB231 cells were obtained from Dr. William Helferich (Michigan
State University, East Lansing, MI). Routine culture of MCF-7 and MDA MB231 cells was in
IMEM +FBS+1nM E2. T47D cells were also grown in FBS+1nM E2, but in RPMI 1640 media
containing 25 mM HEPES and 500 ng/ml insulin. Serum-free media for all cells was phenol-red

free DME/F12 +250 ng/ml insulin + 6 ug/ml transferrin + non essential amino acids.

Cell Proliferation Assays

Serum containing experiments. MCF-7 cells (6X10° cells/cm?®) or MDA MD 231 or T47D cells
(1X10* cells/cm?) were plated in normal 5% FBS containing media for 24 h. Optimal plating
densities for each cell line in serum-containing and serum-free (see below) media were

determined previously. Cells were rinsed 2-times and media was replaced with 5% DCC-FBS




media. Cells were incubated for 2 d and then estrogen (10 nM) was added. Media was changed

after 2 d and experiments were harvested for DNA assay after a total of 4 d following E-addition.

Serum-free experiments. Cells were removed by trypsinization, trypsin was inactivated with FBS-
containing media and cells were pelleted by centrifugation (200 X g for 3 minutes). Pellet was
resuspended and centrifuged 2-times in serum-free media and cells plated in (500 ul/2 cm? well)
serum-free media. Serum-free plating densities were 3.5X10*cm? for MCF-7 cells and
4X10%cells'em’ for T47D or MDA MB231 cells. IGF-I (25 ng/ml) and EGF (5 ng/ml) with or
without estrogen (10 nM) were added 2 d after plating. Treatments were changed 2 d later and

cells were harvested.

DNA assay.

DNA content was determined fluorometrically as previously described (Xie and Haslam,1997)

PgR assays

Serum-containing PgR experiments. All cells were plated at 5X10* cells/cm? in serum containing
media as for DNA assays for 24 h, then cells were rinsed and switched to 5% DCC-FBS. After
24 h, fresh media with 5% DCC-FBS with or without 10 nM estrogen was added. Cells were
cultured for 2 d and estrogen containing media was changed. After 24 h (total 72 h E-treatment),

cells were assayed for PgR content.

Serum-free PgR experiments. Cells were plated at 2.5X10° cells/cm? in serum-free media for 1d.
Control or estrogen treatments were added for 2 d, and E-containing media was changed. Media
was removed and cells rinsed with HBSS. All media and rinse media was transferred to 15 ml
tube, and cells were treated with 1 mM EDTA (37 C 5-10 minutes). Cells were added to 15 ml
tube, and plates were rinsed with HBSS to remove all remaining cells. Cells were centrifuged at
100 X g for 3 minutes and resuspended in serum-free media. Cells were assayed as previously

described (Katzenellenbogen and Norman, 1990).




PgR assay. PgR content was determined by ligand binding assay as previously described (Xie
and Haslam,1997). Briefly, cells were incubated with 8 nM 3H-R5020 (Sp Act. 84.8 Ci/mmol;
New England Nuclear, Boston, MA) plus 500-fold excess dexamethasone (to suppress R5020
binding to glucocorticoid binding sites) or 500-fold excess unlabeled R5020. The specific
binding was calculated by subtracting non-specific binding, in the presence of excess unlabeled
R5020, to total binding, in the presence of dexamethosone. Additional wells were assayed in

parallel for DNA content.

Results

E-induced proliferation on ECMs

Serum containing experiments

Estrogen-increased total DNA of MCF-7 cells and T47D cells by 1.6 to 1.9-fold on collagen I,
collagen IV, fibronectin or vitronectin, following 4 d of culture (Figures 1 A,B). MCF-7 cells
plated on laminin grew slower in the absence of E, and were growth stimulated only 1.5-fold by
E, which was less than on any other ECM. T47D cells did not proliferate in response to E when
cultured on laminin. MBA MD231 cells also exhibited reduced growth on laminin. The ER-
negative MBA MD231 cells did not show a proliferative response to E on any ECM. (Figure 1C).

Attachment in Serum-free media to ECM

MCEF-7 cells had an attachment percentage of 70-80% on all ECMs except for laminin (55%
attachment) by 16 h post plating (Figure 2A). T47D cells (Figure 2B) had low attachment on
collagen IV, laminin, fibronectin, and vitronectin (15-20%). T47D cell attachment was high on
both poly-L-lysine and collagen I (80-83%).

Culture conditions in serum-free media

Since we and others have found substantially reduced responses to steroids in the absence of
growth factors, growth factor responsiveness in serum-free media without BSA or fetuin was
examined. MCF-7 cells showed a proliferative response to EGF at 5 ng/ml, and maximal

response was found at 100 ng/ml (Figure 3A). T47D cells proliferated at lower concentrations of




EGF, 1ng/ml, and were also maximally stimulated at lower (5ng/ml) concentrations (Figure 3B).
IGF-1, on the other hand, was able to induce proliferation in both MCF-7 and T47D cells at 10
ng/ml JGF-1, with maximal stimulation at 200 ng/ml (Figure 4 A,B). Lack of BSA or fetuin may
have contributed to the apparent need for high concentrations of the growth factors, since growth
factors are more likely to nonspecifically bind tissue culture plastic and ECM proteins in the

absence of BSA or fetuin.

From these dose-response experiments we choose levels of IGF-I and EGF that stimulate
proliferation of cells, submaximally. Submaximal concentrations were used since maximal
concentrations of both IGF-I and EGF were less effective than submaximal concentrations in
potentiating E effects (data not shown). EGF was used at 5 ng/ml and IGF-1 at 25 ng/ml for both
T47D and MCF-7 cells. IGF-I or EGF alone stimulated proliferation up to 35% in MCF-7 cells
plated on collagen I, and E was ineffective alone (Figure 5 A). T47D cells were growth
stimulated approximately 15% by EGF, IGF-I or by E alone (Figure 5B). When E was combined
with either IGF or EGF in either cell line, there was a synergistic response. The E response was

maximal when both growth factors were added with E.

These studies indicated the need for growth factors to obtain E-induced proliferation. Therefore,
IGF-I and EGF were added to E and growth response tested on all ECMs. MCF-7 cell basal
proliferation was highest on collagen I, and nearly equal on all other ECMs. MCF-7 cells were
not responsive to E when plated on plastic, poly-L-lysine, collagen IV or laminin (Figure 6A).
Collagen I= vitronectin> fibronectin were able to stimulate proliferation in response to E. T47D
cells had the lowest basal proliferation on plastic, collagen IV, and laminin (Figure 6B). Like
MCEF-7 cells, TA7D cells were not E-responsive on plastic, collagen IV, or laminin. E-induced
cell proliferation was obtained on Poly-L-lysine, collagen I, fibronectin and vitronectin. MDA
MB231 cells did not exhibit significant proliferation on any ECM in serum-free media, and no E

response was obtained (Figure 6C).
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E-induced PgR expression on ECMs

Another measure of E-specific responsiveness is PgR induction. MCF-7 cells, but not T47D or
MDA MB231 cells, contain E-inducible PgR. MCF-7 cells cultured in the presence of stripped
serum, PgR was increased on Plastic, Poly-L-lysine, collagen I, fibronectin and vitronectin
(Figure 7A). Very little increase in PgR was obtained on laminin. T47D cells had high
constitutive expression of PgR that was not regulated by E or ECM (data not shown). When
MCF-7 cells were plated in serum-free media, PgR was increased by E in all groups except

plastic and laminin (Figure 7B).

Discussion

Acquisition and maintenance of steroidal responsiveness is critical for normal breast
development, whereas lack of steroidal responsiveness is the hallmark of the most aggressive
breast cancers. Previous reports have indicated growth factors are necessary for certain steroid
mediated responses in breast epithelial cells, such as expression of PgR in response to E
(Katzenellenbogen and Norman, 1990). In our experiments, we have determined that ECM
proteins can also regulate E-induced proliferation and PgR expression in breast cancer epithelial
cells. In the presence of serum, and hence serum-derived growth factors, MCF-7 cells and T47D
cells have enhanced proliferation in response to E, when plated on ECM proteins, except
laminin. Similar to previous reports, E did not induce proliferation in the absence of growth
factors. In the presence of IGF-I and EGF, however, E could stimulate proliferation of both
MCF-7 and T47D cells when plated on collagen I, and less markedly on fibronectin and
vitronectin. Similarly, PgR was induced by E when cells were plated on collagen I, and
fibronectin or vitronectin, but E was least effective in inducing PgR when cells were cultured on

laminin, in serum-containing or serum-free (with growth factors) media.
Thus we have made the novel finding that laminin inhibits several E-mediated events, since 1)

MCF-7 cells plated in the presence of serum have E-inducible PgR when plated on plastic, but

lose responsiveness when plated on laminin and 2) T47D cells plated in the presence of serum

11




proliferate in response to E on all ECM proteins (including plastic) except laminin. Therefore,
laminin may repress at least 2 measures of E-responsiveness. Laminin may induce these
responses by several mechanisms. First, laminin may nonspecifically inhibit E action by
preventing cell attachment. However, in serum containing media, cell attachment is equally high
on all ECM proteins for both MCF-7 and T47D cells. Therefore, lack of attachment to a
substratum, which can prevent cell proliferation (Zhu et al., 1996) does not appear to explain the
effects of laminin. Laminin does, however, appear to alter cell shape and cell proliferation in the
presence or absence of E. For example, when MCF-7 cells, T47D cells or MDA MB231 cells
were cultured in serum containing media in the absence of E, all cell lines exhibit reduced
proliferation when plated on laminin when compared to any other ECM. Therefore, general
cytoskeletal or metabolic pathways may be altered by laminin binding, which may directly or
indirectly effect E action. Alternatively, laminin may switch cells from a proliferating state to a
differentiating state, since laminin appears to be necessary for mammary epithelial cell
differentiation (Streuli et al., 1995). Thus, laminin binding may inhibit growth independent of E

and also block or significantly downregulate E-dependent events.

Although these studies with breast cancer cells have identified laminin as a potential negative
regulator of E induced responses, we have previously found that other ECM molecules may
positively regulate P effects in normal mammary epithelial cells (Xie and Haslam, 1997). In
serum-free cultures, fibronectin and collagen IV were required for normal mammary epithelial
cell (from nulliparous animals) proliferation in response to progesterone when cells were
cultured in serum-free media. Interestingly, no P responses were obtained on any ECM when
cells were obtained from pregnant animals, indicating that integrin and P cooperative signaling is
altered by state of the gland. Similar to other normal mammary epithelial cells in culture, these
cells did not proliferate in response to E, regardless of ECM composition. This is in contrast to
many breast cancer cell lines, including the MCF-7 and T47D lines, that are responsive to E. OQur
cancer cell studies do have some similarities with Xie and Haslams’ results, however. Both
studies have found that certain ECM proteins can regulate acquisition of steroidal
responsiveness. Additionally, laminin was not effective in mediating steroid induced

proliferation, while fibronectin and collagen I or collagen IV were. It will be of interest to
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continue to determine the similarities and differences between normal and cancer breast
epithelial cells in ECM regulated acquisition of steroidal responsiveness. Currently, there is no
information about the integrins and intracellular pathways involved in these ECM regulated

events.

Recently, several researchers have demonstrated that ECM proteins can regulate proliferation,
and differentiation when signaling through specific extracellular matrix cell surface receptors,
integrins. Wary and colleagues (1996) have demonstrated that proliferation of human vascular
endothelial cells by fibroblast growth factor (FGF) is acutely regulated by ECM/integrin
interaction. Endothelial cells did not proliferate in response to FGF-2 when cultured on laminin-
1, but were growth stimulated by FGF when cultured on fibronectin or vitronectin. Furthermore,
the authors found that integrins that were associated with She (alB1, a5B1, avB3) could mediate
activation of a Shc-Grb2-MAP kinase pathway. They have postulated that integrins that are not
associated with Shc («2f1 and possibly a6f1) may promote differentiation or apoptosis.
Therefore, these researchers have found that laminin and two of its receptors (the a2B1 and the
classical laminin receptor a6B1) do not potentiate proliferation by growth factors, whereas
fibronectin (classical receptor=o.5p1) and vitronectin (classical receptor=avfB3) and their
receptors do. These results are in agreement with results presented herein, that laminin may
inhibit cell proliferation, while fibronectin and collagens mediate E-induced proliferation. A
single mammary cell study by Elliot and colleagues (1992) have found similar ECM
requirements for growth factor induced proliferation in murine mammary tumor cells. PDGF and
FGF-2 induced maximal proliferation of a murine mammary tumor cell line when cultured on

fibronectin, but not on collagen I.

Adhesion to substratum is required for cell cycle progression through G1 and into S phase for
nearly all non-transformed cells (Zhu et al., 1996). Furthermore, Giancotti and Mainiero (1994)
have found that optimal cellular proliferation and migration occur when integrin-ECM adhesion
is ‘moderate’, either weak adhesion or strong adhesion may prevent proliferation. While, Ingber
(1990) has determined that ECM induced cell proliferation only occurs when ECM is rigidly
attached to a substrate and when cells have ample ECM integrin receptors to attach to the ECM.

13




We have demonstrated that attachment in the presence of serum is not different on laminin, but
laminin does alter E-induced proliferation. We have not determined whether laminin receptors
(laminin-specific integrins), however are in lower numbers than other integrins for collagens,
fibronectin or vitronectin. Interestingly, Shi and coworkers (1993), however, have found that
laminin receptors increase following E or P treatment of T47D cells. Therefore, if cell
attachment to laminin was weak in the absence of E, one would expect E to enhance attachment
and perhaps then facilitate proliferation. This was not the case in our studies, therefore, it is

unlikely that attachment or degree of attachment regulate these E-induced responses.

These results indicate that specific ECM proteins may potentiate, while others may E-mediated
events in breast cancer cells. We have not determined whether ECM proteins directly alter ER
activity, or how laminin may alter the cell cycle in the presence or absence of E. Current and
future experiments will examine whether ECM proteins directly regulate ERE activity.
Furthermore, we will use *H-thymidine or cell cycle analyses to 1) increase the sensitivity of our
serum-free growth assays, and 2) determine whether ECM proteins are altering specific phases of
cell cycle progression. In addition to more fully understanding how specific ECM regulate the
cell cycle and ER responsiveness, we are interested in determining which integrins are involved
in these responses, as outline below. Finally, we have began to analyze non-transformed breast
epithelial cell proliferation on the different ECM proteins (as outlined in the grant) and compare
these results with the breast cancer results. These results should give us a comprehensive
understanding of how ECM-integrin interactions effect E-responsiveness of breast cells and how

these events are altered during breast tumorigenesis.

Recommendations to Statement of Work

We have completed experiments to examine growth responsiveness and PgR induction by E for
both T47D and MCF-7 cells in the presence of serum on all outlined ECM proteins. We have
also determined optimal conditions for these cell lines to measure cell proliferation and/or PgR
induction by E in the absence of serum. Data from these experiments indicate that both MCF-7
cell and T47D cell proliferation in response to E in serum-free conditions is low, regardless of

ECM. However, we have consistently gotten E-induced responses on certain ECM proteins

14




(collagen I), while other ECM proteins (laminin) have not facilitated E-responsiveness. We have
determined that the sensitivity of our DNA assay is too low to accurately assess the effects of

steroids in serum-free conditions.

Increase sensitivity of growth assays

To increase sensitivity, we will measure E-responsiveness by 3 H-thymidine incorporation and/or
by cell cycle analysis. The disadvantage of using a DNA assay to determine growth of cells,
which are dividing slowly, is that your background DNA will be high, and cells that are slowly
dividing in response to E will only be marginally higher. Both cell cycle and 3H—thymidine
incorporation analyses have the advantage that background will be very low, i.e. very few cells
are proliferating. Therefore, any increase in proliferation will be more easily noticed. We have
recently found, in similar serum-free experiments, that cells treated with E increased *H-
thymidine incorporation by up to 80%, whereas total DNA was only stimulated 10-15%. It is not
possible to lengthen the treatment time (4 d) in order to increase the sensitivity of DNA assays,
since epithelial cells can lay down their own ECM proteins and respond to these proteins by 6-8
d of culture. Moreover, propidium iodine/florescence activated cell sorting, will provide us with
more information on ECM effects by allowing us to examine cell cycle regulation on different

ECMs, before and after E-treatment.

Direct Measurement of estrogen receptor activity

Since we have found that E is less effective in inducing PgR and in stimulating cell proliferation
when cells are cultured on laminin, we are interested in determining estrogen response element
activity. Using ERE-reporter constructs (ERE-CAT or ERE-luciferase), we will determine the
effect of E on ERE activity when MCF-7, T47D or MDA MB231 cells are plated on various
ECM proteins. The effect of growth factor additions to ECM may also be measured by these
assays. These experiments should allow us to determine if laminin inhibits E-mediated events by
non-specifically inhibiting proliferation (or inducing differentiation) or whether laminin directly

inhibits ERE activity.
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Determine which integrins are involved and whether they are absolutely needed for E-
responsiveness or lack of E-responsiveness.

Additionally, we are interested in determining which integrin(s) are responsible for signal
transduction. We will obtain function blocking antibodies to specific integrins, including
laminin (a6p4 or a6B1) and fibronectin (a5p1) integrins. These antibodies will be used to
determine if 1) laminin inhibits E function by specific integrin binding, and 2) fibronectin
influences E-function by its classical integrin (a5p1). It would also be of interest to determine
the effects of blocking fibronectin binding to the a5B1 in the presence of serum on T47D and

MCF-7 cell responsiveness to E, since a major attachment factor in serum is fibronectin.

16




CONCLUSIONS

These studies have determined that E-responsiveness is regulated by ECM composition.
Specifically, laminin inhibits E-mediated cell proliferation and E-induced PgR responsiveness in
the presence of serum. In the absence of serum, E-mediated cell proliferation is strongest when
cells are plated on collagen I, followed by fibronectin or vitronectin. Laminin, poly-L-lysine, and
collagen IV have little or no E-induced proliferation in MCF-7 or T47D cells. PgR induction in
MCEF-7 cells is least on laminin in the absence of serum. E-induced proliferation in serum-free
assays is significantly lower than in the presence of serum. Other more sensitive techniques for
measuring E-regulated events in breast cancer cells will be explored, including 3H-thymidine
incorporation, cell cycle analysis, and ERE-reporter assays. We have made the novel finding that
laminin may negatively regulate E-responsiveness of breast epithelial cells, while other ECM
proteins (including collagen I and fibronectin) may sensitize epithelial cells to the effects of E.
These result suggest that therapeutic strategies may be designed to alter ECM composition or
ECM-integrin interactions in the tumor microenvironment to prevent tumor growth and

metastasis.
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FIGURE LEGENDS

Figure 1

DNA content of MCF-7 (A), T47D (B) and MDA MB231 (C) cells following 4 d culture in estrogen
containing media in the presence of 5% charcoal stripped fetal bovine serum. White bars=control
treatment, Black bars=10 nM estrogen. Cells were plated on plastic (Plas), poly-L-lysine (PLL), collagen I
(Col 1), collagen IV (Col IV), laminin (LM), fibronectin (FN), or vitronectin (VN). Standard error bars,
from 3-8 experiments are included in parts A and B, Figare C are resuls from 2 singfe experiment. Notw,
MDA MB231 cells are estrogen receptor negative and represented a negative control.

Figure 2

MCF-7 (A) and T47D (B) cell attachment following 18 h of culture in serum-free media on plastic (Plas),
poly-L-lysine (PLL), collagen I (Col I), collagen IV (Col IV), laminin (LM), fibronectin (FN), or
vitronectin (VN). Attachment was measured by the DNA content of attached cells per well as a percent of
the total DNA content in a well (attached and not attached).

Figure 3

Epidermal growth factor (EGF) dose response of MCF-7 (A) and T47D (B) cells as measure by DNA
content following 4 d culture in EGF containing serum-free media. Media did not contain albumin or
fetuin. Cells were plated in the absence of serum on collagen I for 2 d and switched to EGF treatments.
DNA content as a percentage of no treatment (no EGF) was determined after 4 d culture in EGF containing
media.

Figure 4

Insulin-like growth factor-I (IGF-I) dose response of MCF-7 (A) and T47D (B) cells as measure by DNA
content following 4 d culture in IGF-I containing serum-free media. Media did not contain albumin or
fetuin. Cells were plated in the absence of serum on collagen I for 2 d and switched to IGF-I treatments.
DNA content as a percentage of no treatment (no IGF-I) was determined after 4 d culture in IGF-I
containing media.

Figure 5§

Synergistic effects of insulin-like growth factor-I (IGF-I), epidermal growth factor (EGF) and estrogen (E)
on DNA content of MCF-7 (A) and T47D (B) cells following 4 d culture in treatments. Media did not
contain albumin or fetuin. Cells were plated in the absence of serum on collagen I for 2 d and switched to
growth factor/steroid treatments. DNA content as a percentage of no treatment was determined after 4 d
culture in steroid/growth factor containing media.

Figure 6

DNA content of MCF-7 (A), T47D (B) and MDA MB231 (C) cells following 4 d culture in estrogen
containing media in serum-free media. Serum-free media contained 5 ng/ml EGF and 25 ng/ml IGF-I, but
no albumin or fetuin. White bars=control treatment, Black bars=10 nM estrogen. Cells were plated on
plastic (Plas), poly-L-lysine (PLL), collagen I (Col I, collagen IV (Col IV), laminin (LM), fibronectin
(FN), or vitronectin (VN). Standard error bars, from 3 experiments are included in parts A and B, Figure C
are results from a single experiment. Note: MDA MB231 cells are estrogen receptor negative and
represented a negative control.

Figure 7

Specific *H-R5020 binding in MCF-7 cells in the presence of 5% charcoal stripped fetal bovine serum (5%
DCC-FBS) (A) or in the absence of serum (B). . Serum-free media contained 5 ng/ml EGF and 25 ng/ml
IGF-I, but no albumin or fetuin. White bars=control treatment, Black bars=10 nM estrogen. Cells were
plated on plastic (Plas), poly-L-lysine (PLL), collagen I (Col I), collagen IV (Col IV), laminin (LM),
fibronectin (FN), or vitronectin (VN). Standard error bars, from 3 experiments are included in parts A and
B. Cells were cultured in the presence of estrogen for 3 d. Progesterone receptor (PgR) was determined by
specific *H-R5020 and normalized to DNA content.
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