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INTRODUCTION: Selective Estrogen Receptor Modulators (SERMs), such as
tamoxifen, have been used for many years as hormonal therapy for advanced
breast cancer (Furr and Jordan 1984; Love, 1989). Tamoxifen is currently being
evaluated both for the treatment of early, organ confined breast cancer and for
chemoprevention for women at high risk for the disease. In the course of in vitro
studies, we and others have shown that tamoxifen exerts its effects on estrogen
receptor positive MCF-7 cells by inducing apoptosis in the majority of cells (Perry
et al, 1995; Bursch et al., 1996; Simboli-Campbell et al., 1996). However, a small
proportion of the cells fail to die and acquire an invasive phenotype (Gilmore and
Tenniswood, unpublished data). This phenomenon is not seen when MCF-7 cells
are treated with other agents (such as TNFaq, or the pure anti-estrogen ICI 182,780)
that also induce apoptosis in these cells, suggesting that tamoxifen induces a
unique pattern of gene expression in these cells. The experiments supported by this
Concept award are designed to test the ability of tamoxifen, and ICI 182,780 to
induce metastatic progression in a preclinical model of breast cancer. Breast cancer
cells stably transfected with Red or Green Fluorescent Protein (GFP) have been
grown as orthotopic implants in nude mice and then treated with tamoxifen periods
so far ranging up to 8 weeks. At defined time points throughout the treatment we
will continue to examine the effects of the tamoxifen and other SERMs on the
growth or regression of the primary tumor and on the metastatic progression to
other tissues, using fluorescent microscopy to determine the number and sites of
metastases originating from treatment with each drug, and monitor the time at which
the metastases arise. These data will directly answer the question as to whether the

SERMs induce a metastatic phenotype in this pre-clinical model of localized breast
cancer.

BODY: (The information presented on pages 4 through 9 represent unpublished
data that should be protected)
Timeline of the experiments:

As outlined below in more detail the completion of the current study has been
~ significantly handicapped due to a long back order of female nude mice from
Taconic Farms, and a subsequent Staphylococcal infection in the nude mice mice
utilized for this study. The first phase of the animal study was planned to start in
August 2001, but the animals were back ordered for 2 months at that time. These
animals were used in a pilot study to compare the growth and metastatic spread of
MCF-7 cell transfected with red fluorescent protein (MCF-7%) and MDA-MB-435
cells transfected with Green Fluorescent protein (MDA-MB-435%F), in
ovariectomized nude mice in the absence or presence of 1.7 mg sustained release
estradiol pellets. These studies were designed to demonstrate that the fluorescently
tagged cells would retain their appropriate responsiveness to estrogen when grown
in nude mice, and that the fluorescence could be used to track the tumor cells in the
primary tumors and to metastatic sites. The pilot study was successfully completed
in January 2002. -
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The second major experiment was designed to compare the growth and
metastatic potential of MCF-7R" cells treated with anti-estrogens, to the well
characterized metastatic breast cancer cell line MDA-MB-431°°. This study was
initiated in April 2002. The animals in this study (120 total) were ovariectomized by
the suppliers implanted with placebo pellets, 0.72 mg or 1.7 mg sustained release
estradiol pellets (Innovative Research), shipped to the Freimann Animal Care
facility at the University of Notre Dame, and inoculated with either MCF-7%F" or
MDA-MB-435° cells and subsequently implanted with tamoxifen sustained release
pellets (Innovative Research), using exactly the same protocol as outlined in the
pilot experiment. Primary tumor growth was essentially the same as seen in each
group the Pilot experiment. However the mice in the group receiving high levels of
estradiol (via 1.7 mg sustained release pellets) developed a substantial
Staphylococcal infection (see Figure 3), and all but 5 of the 40 had to be sacrificed
due to advanced morbidity and weight loss. The decision was made to terminate the
study in August, 2002, and to set up a repeat study immediately. While this
rendered the experiment statistically invalid, and necessitates repetition to test the
hypothesis, some interesting data has emerged from the study based on the
surviving animals which were sacrificed after 5 months (see Figure 2).

As a result of these delays, we have asked for, and received, a one year no
cost extension in May 2002, and the repetition of the major experiments was
initiated at the beginning of September, 2002. Based on our preliminary findings,
this experiment should be completed This experiment is expected to produce
enough data for analysis in February
2003 and to be completed by
September 2003.

Results to date:
Pilot Experiment

As shown in Figure 1, we have
shown that using green fluorescence,
it is possible to trace the metastatic
spread of MDA-MB-435%F estrogen
receptor negative (ER-) tumor to the
lung, lymph nodes, liver, rib cage and
peritoneal cavity.

MCF-7%F tumors on the other
hand form large primary tumors with
clearly defined margins which do not
appear to metastasize at all. The
morphology of the primary tumors
marks the metastatic MDA-MB-435 cells in the Wwas assessed was assessed and we
primary tumor (Panel A); the lymph nodes (Panel  have shown that the primary tumors

B); the wall of the peritoneal cavity (Panel C); rib _ ;
cage (panel D); Lung ( Panel E) and Liver (Panel formed by the RFP over-expressing

F).
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MCF-7 cells are \virtually
indistinguishable from the tumors
formed by the untransfected parental
cells.

Major study Comparison between the
metastatic potential of untreated
MDA-MB-435 cell with MCF-7%°
tumors treated with Tamoxifen. While
animal losses from this experiment
preclude any meaningful data
analysis, one of the five animals that
were implanted with 1.7 mg estradiol
and treated with tamoxifen showed
clear evidence of metastatic spread to
the lymph nodes (see Figure 2).
These data provide very tantalizing
suggestion that the non-invasive, ER+
cell line can become metastatic when
treated with tamoxifen, particularly
since the orthotopic tumors were
established in the inguinal fat pads
and these red fluorescing metastases
were found in the ipsilateral thoracic
oo lymph nodes. These data strongly
Figure 2: RFP fluorescence of MCF-7 cells in the suggest that the MCF-7 cells are
primary tumor (top panel) and i‘n the thorgcic I.ymph capable of lymphatic spread after
g?:s‘zsng; gf:‘;;’:; ot[eated with tamoxifen in the tamoxifen treatment, but since these

animals were sacrificed after 5 months

due to morbidity related to the
Staphloccocal infection, itis not possible to determine whether the cells are capable
of spreading to other organ sites in a manner reminiscent of the MDA-MB-435 cells.
It should be noted here that this pattern was seen in 1/5 animals in the group
implanted with 1.7 mg pellets releasing a high level of estradiol, but has not been
seen in the animals implanted with 0.72 mg sustained release pellets that produce
a significantly lower serum estradiol level and induce slower tumor growth.

Additional Data Related to the in vivo Study

In the course of these studies it became apparent that MDA-MB-321 cells
respond to tamoxifen in vivo , and some tumor regression occurs, even though the
tumors are classified as estrogen receptor negative. In a related set of in vitro
experiments, performed concurrently by Dr. Louise Flanagan who is responsible for
the in vivo studies and Dr. Kerry Gilmore, another post-doctoral fellow in the
laboratory, we have established that these cells express ER, and that tamoxifen
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induces apoptosis in these cells through this receptor via a caspase independent
independent pathway. As listed below in the Reportable Outcomes, this work was
presented at two Symposia, including the Era of Hope Meeting in Orlando and has

been accepted for publication by the Journal of Steroid Biochemistry and Molecular
Biology.

Nature of the Staphylococcal Infection
The nude mice implanted with 1.7 mg
sustained release eatsradiol pellets
slowly developed a crusty, weeping
infection under the forelegs and on
the chin (Figure 3). The animals lost
weight (up to 5 grams), triggering the
criteria that necessitates ending the
study. The pathology of these mice,
and the nature of the infection was
determined in consultation with the
School of Veterinary Medicine at
Purdue University, West Lafayette IN.
It is not yet clear whether the source
of the bacteria infection is the
supplier of the mice (Taconic), the
supplier of the pellets (Innovative
Research) or our handling of the
e animals. The fact that similar
L LnE T | infections have been noted in other
Figure 3: Female mouse, supplemented with 1.7 hude mice from the same supplier
mg sustained release estradiol pellets carrying an purchased on another day , suggests
orthotopic implant of MCF-7%" cells, showing that problems probably originate with
?;\I/:;:ed signs of Staphylococcus infection on the supplier, yvho has agreed to
supply the animals for the repeat
experiment without cost.

KEY RESEARCH ACCOMPLISHMENTS

The final outcome of the repeat studies has not been determined as yet,
although there is a clear preliminary indication that tamoxifen induces metastatic
spread of MCF-7 cells at least to the lymph nodes. These data suggest that
tamoxifen can induce lymphatic spread of ER+ non-metastatic cells. These
preliminary observations will be confirmed in the repeat of the study that is now
underway, and with a complete study may demonstrate the hematogenous spread
of these cells to other metastatic sites such as the lung and liver. If these findings
demonstrate that the tamoxifen induces metastatic spread only to the lymph nodes,
it will raise an important distinction between lymphatic spread of the disease and

Page 7 of 10



hematogenous spread from the primary tumors. Whether these differences arise
because of the differences in lymphangiogenesis and angiogenesis, or due to
differences in the ability of the MCF-7 cells to survive in the lymphatics versus the
circulation remains to be determined.

REPORTABLE OUTCOMES

1. Presentations

Work emanating from the experiments related to the in vitro characterization
of the ability of tamoxifen to induce apoptosis in ER- MDA-MB-435 and SUM 159PT
has been presented at two International Meetings:

Gilmore K, Flanagan L, Wagner C, Hurley J, and Tenniswood M Induction of
Apoptosis in Estrogen Receptor Negative Human Breast Cancer Cells by the Anti-
estrogen Tamoxifen. (Abstract of Poster presentation at the 15th International
Symposium of the Journal of Sterond Blochemlstry and Molecular Biology, May 2002
Munich, Germany)

Tenniswood M, Gilmore K, Flanagan L, Wagner C, and Hurley J. Mechanistic
Comparison of the Induction of Cell Death in Estrogen Receptor Negative Breast
Cancer Cells. (Abstract 10-27, ERA of HOPE, Department of Defense Breast
Cancer Research Program Meeting September, 2002 Orlando FL).

2. Manuscripts
One manuscript describing the induction of apoptos;s in ER- breast cancer cells by
tamoxifen been accepted for publication:

Flanagan L, Gilmore K, Wagner C, Hurley J and Tenniswood M. (2003) Induction
of Apoptosis in ER Negative Breast Cancer Cells by the Selective Estrogen
Receptor Modulator Tamoxifen (accepted, Journal of Steroid Biochemistry and
Molecular Biology)

3. Experimental Materials Generated

In the course of these studies we have engineered ER+ MCF-7 cells that
express green fluorescent protein and red fluorescent protein (MCF-7%" and MCF-
77 cells respectively) well as ER- SUM-159PT and MDA-MB-435 cells that
express these fdluorescent tags. These cell lines have been distributed to a number
of researchers under a non-restrictive Material Transfer Agreement. To our
knowledge at least one manuscript has been submitted utilizing one or more of
these cell lines (lyengar, P et al., submitted).
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CONCLUSIONS

Due to back-ordering of animals and a chronic Staphyococcal infection these
major study has yet to be completed. The preliminary in vivo data and the
accompanying in vitro experiments however suggest that the hypothesis being
tested, that tamoxifen treatment can induce an invasive/metastatic in vivo, is valid.
We expect the repeat experiment to provide definitive data that can test the
hypothesis in a statistically valid way.
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ABSTRACT
Tamoxifen. a selective estrogen-receptor modulator (SERM) has been used for the treatment of
all stages of hormone~respbnsive breast canéér for more than 25 years. The primary mechanism
of action of tamoxifen Is believed to be through the ihhibition'of estrogen receptor aipha (ERd),
~ however the clinical obsenrétion that up to 30% of ER-negative breast cancers respond to
tamoxifen treatment suggests that additional non-ER-a mediated 'mechanisfns exist. To elucidate
the intraceliular mechanism of tamoxifen action in ER-riegative tumors we have utifized lwi_: ER-o

negative human breast cancer cell lines: SUM-159PT and MDA-MB—435 cells. Both the SUM-

189PT and MDA-MB-435 cells are growth inhibited by tamoxifen in a time dependent manner,

through the induction of Go/G; and G.M growth arrest and apoptosis at levels similar to that

observed in the MCF-7 cells. ICI 182,780, a pure ant-estrogen, which induces cell cycle arrest
and apoptosis in ER-a positive MCF-7 cells, does not induce these effects in the ER- negative
breast cancer cell lines. Tamoxifen mediated apoptosis is associated with translocation of the
pro-apoptotic protein Bax to mitochondria, release of cytochrome c and high moleculaf Weight
DNA fragmentation in both the ER-afnégative and positive breast cancers cells suggesting that
tamoxifen induces a common apoptotic pathway. Furthermore caspase-3 is activated in MDA-
MB-435 cells after treatment with tamoxifen. Both SUM-1 59PT and MDA-MB-435 express the

newly identified estrogen receptor, estrogen recepto_r—beta (ER-B) at levels similar to that

| observed in MCF-7 cells suggesting that tamoxifeh may exert its effects through this receptor. - |

KEYWORDS
Estrogen receptor-alpha, Estrogen receptor-beta, tamoxifen, ICI 182,780, apoptosis, breast

cancer
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INTRODUCTION
“Tamoxifen, a selective estrogen modulator (SERM), and ICI 182,780, a steroidal pure

anti-estrogen, have been shown to induce cell cycle arrest and apoptosis in estrogen dependent

breast cancer [1-9] These compounds interact with the estrogen receptor (ER), altering its

oonformat&on and oonsequently changing either its DNA binding ablhty (in the case of !CI'
182,780) or by altering the interactions of the ER with accessory proteins, (in the case of
tamoxifen) [10}. ' |

In patients diagnosed with breast cahcer,‘the presence of the ER isa good prognostic

| indicator, identifying patients with & lower risk of relapse and better overall sUrVival [11-15]. 70%

of ER-positive patients respond to anti-estrogen therapy [16, .17].‘ However somewhat
paradoxically tamoxifen also induces an objective response in a significant proportion of ER-
negative breast cancers and several other malignancies including hepatoceliular ovarian,
pancreatic and renal cell cancer [7, 18-22]. Recent in vitro studies have demonstrated that
tamoxifen induces the morphological and biochemical changes that are characteristic of
apoptosis in ER-negative MDA-MB-231 and - BT-20 human breast cancer cells at _pM

concentrations [23]. Animal model systems have shown signiﬂcant inhibition of angiogenesis by

tamoxifen in the treatment of ER-negative fibrosarcomas and suggest possible contributory

mechanism of ER-independent manipulation by tamoxifen in the treatment and prevention of .

breast cancer. [24] Although several signaling intermédiatejs such as protein kinase C (PKC),

transforming growth factor -8 (TGF-B), JNK1 ano !:’-i?i{(‘o;na;_ve__boen“iniblioated m_‘e_"prec'il_se

molecular mechanism of tamoxifen induced apoptosis remains unclear [5, 18, 23, 25-27].

The recent identification of a secood ER gene, designated ER-B to distingufsh frorﬁ the
classical ER which has beeh renamed ER-a, offers a possible mechanism of action for tafnoxifen
and other SERMS. The two isoforms of the receptor share 95% homology in their DNA binding
region and 55% homology in the ligand binding domain but have little homology in other regions.
[28, 29]. ER-B has been identified in both normal and malignant mammary glands and ER-8
positive tumors are associated w:th lon histological grade, negative axillary nodes and low S-

phase fraction, indicating that they may be less aggressive an_d more reSponsive to homonal




intervention [30-33]. Furthermore in women treated with adjuvant tamoxifen therapy, expression
of ER-B in more than 10% of cancer cells was associated with better survival suggesting that ER-
B status is a significant predictor of reponse fo adjuvant tamoxifen therapy in women with breast
canéer [34].
Antagonistic effects of tamoxifen were previously thought to be mediated through ER-u,
. however it has recently been shown that while tamoxifen is a partial agonist 6f ER-a it is a pure
antagonist of ER-B {35, 36]. Estradiol upregulation of the ER-B fnRNA in T47D celis can be
abolished by anti-estrogens such as tamoxifen [30]. Thus ER-B expression may serve as 3
‘prognostic, diagnostic an& or therapéutic ma;rk;;ﬁor breésf ;;atncer. - o ~
- These findings, and the fact that a subset of ER-negative breast cancers and 6ther ER-
.negativ_e cancers respond to tamoxifen prompted us to compare the effects of tamoxifen and the
pure anti»estrogen ICI 182,780 on an ER-o-positive MCF-7 breast cancer cell line and two ER-a~ -
negative breast cancer cell lines; SUM-159PT -~ a newly characterized ER-negative cell line and
MDA-MB-435 [37]. The data presehted suggest that tamoxifen induces a time dependent
decrease in cell growth in both ER-a-positive MCF-7 and ER-a-negative SUM-159PT and MDA-
MB-435 cells, but the growth inhibitory and apoptotic effects of ICI 182,780 is limited to ‘thef ER-a-
positive MCF-7 cells. Tamoxifen induced decrease in cell grth is associated with morphogical
and biochemical markers‘ of apoptosis including bax translocation to the mitochondria,
cytochrome ¢ release, high molecular weight DNA fragmentation and selective activation of
caspases. Our results also show the expression of ER-f mRNA in 'both ER-0 negative and
positive cells, indicating a possible mechanism for the effects mediated by tamoxifeﬁ in ER-a-
negative breast cancer cells. Further elucidation of the role of ERB in breast cancer progression

and sensitivity to tamoxifen is warranted.
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MATERIALS AND METHODS

Cell culture and growth assays ,
_MCF-? cells (ER-positive, non-invasive) were obtained from ATCC, SUM-159PT cells |

(ER-negative, iriVasive) were obtained from the University of Michigan Breast Cancer Cell/Tissue

) Bank and the MDA-MB—435 cells ‘(ER-negative, invasive) were obtained from the Lombardi

Cancer Center. The cell lines were cqltured in o-MEM medium (Life Technolqgies Inc,

* Gaithersburg, MD) containing 25mM HEPES and 5% fetal bovine serum (ATLAS Biologicals, Fort
Collins, CO). Ce!ls were routinely passaged every 4-5 days. For t;éll gmmh and morphological
assays, MCF-7 cells were plated at 10,000 cells/well in 24-well plates; SUM-159PT and MDA~

MB-435 cells weré plated at 8,000 cells/ well in 24-well plates, and treated with 10 uM tamoxifen

(Sigma, St. Louis, MO), 10 uM ICI 182,780 (Asfra-Zeneca, Macclesfield, UK) or ethanol vehicle

two days after plating for the indicated times._ Cell growth was determined by crystal violet

assays. For flow cytometry, subcellular fractionation and caspase assays MCF-7 cells were
plated at é density of 8 x 10° cells/150-mm flask. SUM-159PT and MDA-MB-435 cells were
plated at a density of 6 X 10° cells/150-mm flask. 48 h following plating, cells were treated with
ethanol vehicle, 10 uM tamoxifen,10 uM ICI 182,780 or 1 uM of 5uM etopdsidé for the indicated

times.

lnimunohi'stm:-hemi;_tryw S \_' -

D I I e R P -

Cells grown on Lab-Tek Il chamber slides (Fisher SCientiﬁc) were treated with 10 pM
tamoxifen, 10 uM ICI 182,"780’or ethanol vehicle two days after plating. The cells were fixed in .
4%‘fonnaldehyde‘(Fisher Scientific) in PBS‘for 5 min at room temperature and permeabiliied in
methanol for & vmin at-20°C. DNA fragménmtién ‘was assessed by TdT;mediated dUTP nick end

labeling (TUNEL) vuSing a commercially available assay according to manufacturer's directions

" (Roche Molecular Biochemicals, Indianapolis, IN) and detected using an anti-fluorescein antibody

conjugated with horse-radish peroxidase (POD) followed with diaminabenzidine (DAB; Sigma) to |




localize peroxidase. Cells were counterstained with hematoxylin and photographed using an

Olympus AX70 microscope equipped with a Spot RT digital camera.

Flow Cytolnetry

| For analysis of DNA fragmentation and cell cycle kinetics, cells kwer,e harvested by
trypsinization, pooled with floating cells, pelleted by centrifugati_on (500 g, 5 min, 4°C), fixed and
Perme'abilizéd with ’90°./o' EtOH at -20°C. DNA strand breaks were labeled with

_bromodeoxyuridine (BrdU) by terminal transferase (Roche Molecular Biochemlcals) and detected

' using a FITC-conjugated anti-BrdU monocional antibody (Phoenix Flow Systems, San Diego,

CA). Cells were counterstained with 5 pg/mi propidium jodide (P1; Sigma) containing RNase A
(Roche Molecular Biochemicals). DNA strand breaks and cell cycle were analyzed by flow
cytometry using an Epic XL Flow Cytometer (Coulter Corp., Miama, FL). Data was énalyzed

using Multiplus software (Phoenix Flow Systems).

Subcellular fractions

Adherent cells were trypsinized, pooled with floating cells and pelleted by centrlngation

(500 g, 5 min, 4°C), resuspended in wash buffer (25 mM Tris pH 7.5, 250 mM sucrose, 2.5 mM
‘MgCla, protease and phosphatase inhibitors), pelleted (500 g, 6 min, 4°C), resuspended in 3
| volumes of buffer A (20 mM HEPES-KOH 0.5 M, pH 75 10 mM KCL, 1.5 mM MgCl,, 1 mM

- EDTA, 1 mM EGTA, 250 mm sncrose. protesse and phosnhatase  inhibitors), dounce

homogenized, centrifuged (500 g, 5 min, 4°C) and the supernatants transferred to an
ultracentrifuge tube. The pellets (cohtaining nuclei) were résuspended in 0.5 vol Buffer A and re-
centrifuged >(500 g,5 min; 4°C). The combined supemnatants were centrifuged (100,000 g; 1h,
4°C)in a Béckman ultracentrifuge to generate the cytosolic fraction (supernatant) and the non-"
nuclear membrane fraction (NNMF) (pellet). The pellets were resuspended in 100 pl Buffer A,

sonicated and analyzed for total protein using the Micro BCA protein assay (Pierce, Rockford, IL).




" Western blot’analysis

Subcellular fractions were solubilized in Laemmii sample buffer, separated by SDS-

- PAGE and transferred to nitrocellulose. Proteins derived from the NNMF and/or cytosolic

- extracts were immunoblotted with a rabbit polyc!onal antibody directed against Bax (Pharmingen,

San Diego, CA) or a mousé monoclonal antibody directed against cytochrome ¢ (Pharmingen)

| diluted 1:250 and 1:100 respectively in PBS plus 5% skimmec_! milk. - Specific antibody binding
| was detected by appropﬁate horseradish peroxidase-conjugated secondary antibodies

_ (Amersham Pharmacia Biotech, Pltcataway, NJ) diluted 1:5000 in PBS plus 5% skimmed milk

and detected usmg enhanced chemllummescence (Pierce).

Field Inversion Gel Electrophoresis

Field inversion gel electrophoresis (FIGE) was carried out on a Chef Mapper XA Pulsed

- Field Electrophoresis System (Bio-Rad Labs, Hercules, CA). 2 x 1Q° cells were embedded in 1%

low rhel_t agarosé (Promega, Madison, W) plugs and proteinase K digestion was carried out as
described [38]. Electrophorésié was conducted at 14°C in 0.5 x TBE at 150 V (forward and |
reverse). The forward switch time increased linearly from 5.4 s fo 54 s and the reverse switch
ﬁme increased liﬁearly from 1.8 s to 18 s over the 19 h run time. The gel was stainéd forthin1

ug/mi ethidium bromide, destained in water and photographed using a Kodak Electrbphoresis

[Documentation and “+alysie ©:~~m 120. A-DNA !adder was obtained from BioRad Labs.

Caspase Activation Assays

| The relative levels of caspase activity in qell 'Iysates were determined using a
fluorescence microplate assay. Cell extracts were produced by repeated fféeze-thawing under
reducing condiiions, followed by centrifugation (8,000 x g, 15 min, 4°C). The fluorogenic
substrates DEVD.AMC (10 yM), IETD.AFC (50 KM) and LEHD.AFC (250 W) were used to
measure the actwatmn of caspases -3, -8, and -9 respectively. The specificity of actwatlon was

determined by companson with fiuorescence levels generated in the presence of caspase




-

mhlbltors DEVD. CHO (1 uM), IETD.CHO (10 pM) or LEHD.CHO (100 uM) for caspases -3, -8

: and 9 respectively. Fluorescence emission was measured at 460 nm for caspase-3 or 510 nm

for caspases -8 and -9 after excitation at 390 nm.

Reverse-transcriptase-polymerase chain reaction (RT-PCR)

‘Total RNA was isolated from cells using TRIzol reagent (Life Technologies) according to

. manufécturers protocol Fnrst strand cDNA was synthesized utnllzmg oligo(dT) primers and

Superscnpt it RNase H- Reverse Transcriptase (RT) (Life Technologies) as previously described
[39]. Amphﬁcatuon of ER-o. and ER-B cDNA was wmed out usmg primers previously descnbed
[39]. The cDNA was amplified directly using primers specific for ER-a, ER-ﬁ and GAPDH to
generate PCR products of 483bp, 242bp and 680bp respectively. '

For ER—a the primers were as follows: ,

5 primer: 5 - CAG GGG TGA AGT GGG GTC TGC TG -3

3’ primer: 5 -ATG CGG AAC CGA GAT GATGTAGC - 3’

The amplification conditions for the ER-a PCR were as follows: "A denaturation step for 2 min ‘at
- 94°C, followed by 1 min at 94°C, 45 sec at 68°C and 1 min at 72°C for 35 cycles, followed by 10

min at 72°C. 20 pl of the PCR reaction product was analyzed on a 1.5% agarose gel.

For ER-B the primers were as fguows:

 §'primer: & - GTC CAT CGC CAG TTATCACAT C -3’

3 piiiner: 5 - .50G TTA GAT OT TCA'GAC GA -3
For GAPDH the primers were as follows:
5 primer: &' - CAT CTC TGC CCC CTC TGC -3

-3 primer. §'-CTC TTC CTC TTG TGC TCT TGC-3

,4 The amplification conditions for the ER-B and GAPDH PCR were as follows: A denaturation step ’

for 2 min at 94°C, followed by 1 min at 94°C, 0.5 min at 60°C ahd 1 min at 72°C for 35 cycles,

followed by 10 min at 72°C. 20 ul of the PCR reaction product was analyzed on a 1.5% agarose
gel. | | ‘




| Statistical Evaluation

Statistical analyses were performed using GraphPad Instat (GraphPad Software, San
D_iego, CA). Data are expressed as Mean + SEM. One way analysis of variahce was used to
assess statistical _signiﬁcance between meané. Differences between means were donsidered'

significant if p values less than 0.05 were obtained using the Bonferroni method.
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RESULTS _
Effects of tamoxifen and ICI 182,78ti on cell growth ahd céli cycle pmgreséibn_ih ER-
positive and ER-negative cell lines | ‘ |
~ To determine whether anti-estrogehs affect ER-negative breast cancer cells, the effecté

of tamoxifen and ICI 182,780 on cell growth of ER-positive MCF-7 and vER-negative SUM—159PT

~and MDA-MB-435 cells were compared over a 72 h time cburse (Figure 1). In MCF-7 cells,

tamoxifen clearly induces céli death, initiating a significant decrease in cell number compared fo

~ vehicle céntrols at24 h, ICI 182,780 on fhe other hand appears to induce cell cycle arreét (Table

1) without inducing significant cell loss at 24 h, suggesting that the drug is cytostatic rather than -
cytotoxic. Tamoxifen also induces apoptosis in SUM-159PT and MDA-MB-435 cells even though |
these céils are classified as ER-negative (Figuie' 1). ICI 182,780 does not induce either
apoptosis or cell cycle arrest in SUM-159PT or MDA-MB-435 cells, since cells treated with this
compound grow with essentially the same kinetics as the contrbl cells (Table 1).

As summarized in table 1, tamoxifen induces Go/G, arrest in MCF—7,'SUM-159PT and
MDA-MB-435 cells and ‘appears to increase the G,M fraction in MDA-MB-435 ceiis, suggesting
that the drug facilitates entry into S phase but induces a subsequent block in replication. While
ICI 182,780 induces Go/G; arrest in MCF-7 cells, it has no effect on cell cycle progression in ER-

negative breast cancer cell lines.

Induction of cell death by tamoxifen but not ICI 182,780 In ER-negative cell lines

The ability of tainoxifen and ICl 182,780 to inducé cell death in MCF-7, SUM-159PT and
MDA-MB-435 cells was assessed by TUNEL labeling (Figure 2A) and flow cytometry (Figure 2B).
Both_ tamoxifen and ICI 182,780 induce apoptosis in ER-positive MCF-7 cells (Figure 2A).
However, Whereas‘ tamoxifen induces apoptosis in SUM-159PT and MDA-MB-435 cells (as
evidenced by decreased cell number and bositive TUNEL staining of the remaining cells), cells
treated with ICI 182,780 show little or no evidence of DNA fragmentaiion after 48 h of treatment.

Quantitation of the degree of fragmentation in the cell lines after treatment with tamoxifen or ICI




182,780 confirms that both SUM-159PT and MDA-MB-435 cells show evidence of significant
| DNA fragmentation (27% and 26% BrdU positive cells respectively, compared to 43% for MCF-7
cells) after treatment‘with tamoxifen. Neither ER-negative cell line shows evidence of DNA
fragrﬁentation after treatment wifh IC! 182,780. Témpxifen and ICI 182,780 treatment of MCF~7
cells induced DNA fragmentation primarily in the Gy/G, phase of the cell cycléi SUM-159PT cellé
induced DNA fragmentation in the G;/G, phase of the cell cycle after treatment with tamoxifen
while MDA-MB-435 cells induced DNA fragmentation in the GOIG1 and G;M phaseé of the cell
cycle (data ot shown). ' N

 Disruption of mitochondrial function by tamoxifen In MCF-7, SUM-159PT and MDA-MB-435
cells ' |
To elucidate the intraceliular events involved in tamdxiferi mediated apoptdsis, the
‘ apﬁptotic signaling pathways induced} by tamoxifen in MCF-7, SUM-158PT and‘MDA-M‘B-435
cells were determined. Etoposide, an established chemotherapeutic drug that induces apoptosis
via inhibition of topisomerase Ii was used as a positive control. Since disruption of mitochondrial
function is a primary event in apoptosis that is triggered by Bax translocation to mitochondrial
outer m,embranes.A subcellutar dis&_ibution of Bax after tamoxifen treatment was exainine\d. in
these cell lines. Bax redistribﬁtion from the cytosol io the niitochondria and cleavagé to form the
18 kDa active t-Bax fragment occurs after treatméht with 10 uM tamoxifen (Figbre 3A).
) Trénslocatiorj of Bax to tﬁe mitochondria has been associated with relgééé of wtor:hrrme c.an
event considered a commltmént point for the activation of apoptosis. As expected In coqtrol
cultures, cytochrome ¢ is only detected in the mitochondrial fraction (da‘té not shown).
Redistribut_ion of ¢ytdchrome ¢ from mitochondria to cytosol is detected after 48 h in tamoxifen
and etoposide treated MCF-7, SUM-159PT and MDA-MB-435 cells (Figure 3B), although the
amount of cytochome ¢ recovered from the cytosol of SUM-159PT cells is significantly less than
MCF-7 or MDA-MB-435 cells. | | o




Caspase activation in SUM-159PT and. MDA-MB-435 cellé folléwing treatment with
tamoxifen, ICI 182, 780 6r etoposide |

| 'Neither tamoxifen or ICl 182,780 induce the activation of caspases-3, -8 or-9in SUM—I
159PT cells, even though it is Clear thét the enzymes are present in these cells and are activated
by treatment with etbposide (Figdre 4A). In conirast, tamoxifen induces significant Ieveis‘of.
capase-3 activity (wﬁich peaks 24 h after treatment) as well as transient induction of caspase-8
and -8 at12 h. ICI 1/82,780 also appears to transiently induce caspases-3 and -8 at 12 h in these

cells although the degree of induction is minimal (Figure 4B).

Induction of DNA fragmentation by tamoxifen and ICI 182,780 in ER-negative breast éancér
cell lines. | |
As shown by field inversion gel electrophoresis (FIGE), tamoxifen induces'signiﬁcant
DNA fragmentation‘ to 450-600 Kbp and 50-100 Kbp in MDA-MB-435 cells (Figure 5). ICl
182,780 and etoposide also induce DNA cleavage to form high molecular weight fragments but at
levels that are significantly lower than that of tamoxifen treated cells. SUM-159PT cells undergo
similér patterns of‘ DNA ﬂagmentaﬁon after treatment with tamoxifen, 1C1 182,780 and etoposide
(data not shown). Stan}dard agarose gel electrophoresis has demonstrated that there is no
further fragmentation of the DNA to oligonucleosomes in the ER-negative cell lines (data not

shown).

 Expression of ER-a and ER- expresslon in MCF-7, SUM-159PT and MDA-MB-435 breast |
cancer cells ' | _

ER-o and ER-B expression in MCF-7, SUM-159PT and MDA-MB-435 cells was assessed
by RT»PCR. The expected ER@ PCR broduct of 242 bp is amplified Strongly in MCF-7 cells but
not observed in ER-negative MDA-MB-435 and SUM-1§9PT breast cancer celis. However, the
expected ER-B PCR product of 483 bp is amplified in all ﬂmree breast cancer cell lines.
Standardizatioﬁ of the signal using the 680 bp GAPDH PCR‘product suggests that ER-B mRNA
expression is highest in MCF-7 cells and lowest in MDA-MB-435 cells.
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DISCUSSION |
' Both tamoxifen and ICl 182,780 have been showh to induce cell cycle arrest, high
molecular weight DNA fragmentatlon loss of mltochondrlal membrane potentlal and apoptosis in
estrogen-dependent breast cancer cells mcluding MCF-7 cells [1-3]. In these cells, the action of
“anti-estrogenic ‘compounds has been shown to be mediated by their binding to the ER W _
(predominantly ER-u), altering the dimerization of the receptor and its ability to‘ bind to DNA, orits
mteractlons with aocessory proteins [10]. This in tum affects transcription of estrogen responsive |
genes, some of which are involved in cell cycle progresslon or regulation of apoptosis mcludmg_ |
“the kinase inhibitor proteins, p21 and p27 which are upregulated and cyclm D1 and Bcl-2
expression which are downregulated by tamoxifen and va] 182,750 [9, 40, 41]. The_se reports
correlated with our observation that tamoxifen end ICl 182,780 inhibit celt growth and induce cell
cycle arrest and high moleculer wéig_ht fragmentaﬁon in MCF-7 cells. The observed inhibition of
. cellyproliferation and cell cycle progression and induction of apoptosis by 'tambxifen in ER-~
negative SUM-159PT and MDA-MB-435 cells however cannot be attributed to regulation through |
ER-a suggesting that alternative non-ER-o ‘mediated mechanisms of tamoxifen ihdUced
apoptdsis exist. The data presented in this manuscript suggest that the effects of tamoxifen in
the ER-a-negative cell lines are modufated through the ER-B receptor, which is expreséed in both
the SUM-159PT and MDA-MB-435 cells. | |
While tamoxifen induces a limited repertoire of ;@smses in MDA-MB-435 cells (ca'sbas‘e-
3 and -9), the DNA cleavage appears to be mduced thrnngh thie ;‘:!assica!‘epobto‘s”gme mediated
pethway, although there is no evidence of oligonucleosome formation. While tamoxifen induces
bax translocation to the rhitochondrial membrane and cleavage to t-Bax in SUM-159PT cells, the
release of cytochrome ¢ is very limited and there is no activation of caspases-3 -8 and -9. Since
tamoxafen does lnduce significant cell death in SUM-159PT cells, these data suggest that DNA
cleavage is mediated by caspase-independent mechanisms. Recent reports show that ER-
negative T-leukaemic Jurkat and ovarian A2780 cancer cells are induced to undergo oxidative -
 stress by tamoxifen [21). ‘lt has also been suggested that the multiple changes of tamoxifen on

mitochondrial functions, causing changes in respifation, phosphorylation efficiency, and
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| membrane structure of mltochondﬂa and endoplasmic retlculum may explam the cell death

induced by this drug in dafferent cell types and its anti-cancer actnvnty in ER-negatwe cells [42].
- Recent studies by several groups have shown that selective estrogen modulators and
| anti-estrogens act as -entagonists of ER-p whereas‘tamoxifen is e parfial agonist of ER-a [30, "43].
The effects of tamoxffen on the ER-B receptor mey explain some or all of thé effects mediated by
tamoxifen in ER-o-negative cancer cells. The inability of ICI 1.82,780 to induce apaptosis through )
ER-B in a manner sirﬁilar to tamoxifen in ER-negative cancer cells may be due to differences in
the affinity of the two drugs for ER-B. The experiments described in this manpscript have all been
performed in the presence of estradiol. Both the SUM-159PT and MDAMB-435 cell fines
continue t'o“proliferate in the absence of estradiol,' indicating that the induction of apoptosis by
tamoxifen is initiated by. positive signaling events. In the absence of estradiol, ICl 182,780
induces DNA fragmehtation in SUM-159PT cells (Gilmore, unpublished). Thus the presence of
estradiol may modulate the sensitivity of breast tumors expressing ER-B to selective estrogen
response modulators and‘pu're anti-estrogens. ER-§ is eXpressed in both normal mammary
epithelium end in breast cancer and its expression has been correlated with better overall survival
rates th%n for ER-B hegative tumors [30-33]. Furthermore ER-B expression is 'predictiVe of a
positive respanse to tamoxifen treatment and adjuvant tamoxifen therapy signiﬁcantty increases
‘ sufvival in patients with ER-B expressing tumors [34]. This may offer an explanation for the,
subset of patients classified as ER-negahve that resnond to tamoxnfen therapy and suggeets that
‘evaluation of ER-B status may ldenhfy a new subset of patients who will benefit from tamoxifen
therapy. Clearly, determining the mechanisms of tamoxifen mediated apeptosis in ER-B
expressing tumors may lead to clinical advances in the diegnosie and treatment of breast cancer
patients. Our findings merefé»re suggest that additional non-ER-o, mediated mechanisms exist in

ER-negative cell lines.

13




ACKNOWLEDGEMENTS o
We thank Dr.Steve Ethier from the University of Michigan Cell/Tissue Bank for the SUM-159PT .
cells. We thank the Lombardi Cancer Center for the MDA-MB-435 cells. We would also like to

thank Jeromy Whyte for technical assistance.

14




, REFERENCES
P.E. Budtz, Ro!e of proliferation and apoptosis-in net growth rates of human }brea‘st
cancer cells (MCF-7) treated with oestradvol and/or tamoxifen, Cell Prohf 32 (5) (1999) o
280302, |
W. ’Bursch, A Ellinger, H. Kienil, L. Torok, S. Pandey, M'. Sikorska, R. Walker, R.S.
Hermann, Active cell death induced by the anti-estrogens tamoxifen and IC} 164 384 in
human mammary | carcihomé cells (MCF-7) in culture: the role of a'utophagy‘,’
Carcinogenesis 17 \8) (1996; 1595-607. | |
D.A. Cameron, AA. thchle ‘8. Langdon, T.J. Anderson, W.R. Mlller Tamoxifen lnduced
apoptosis in ZR-75 breast cancer xenograftsv antedates tumour regression, Breast
Cancer Res Treat 45 (2) (1997) 99-107. | |
D.A. Cameron, A.A. Ritchie, W.R. Miller, The relative importance of proliferation and cell
‘death in breast cancer growth and response to tamoxifen, Eur J Cancer 37 (12) (2001)
1545-53. -
H. phe‘n, T.R. Tritton, N. kenny, M. Absher, J.F. Chiu, Tamdxifen induces TGF-beta 1
activity and apoptosis of human MCF’-? breast cancer cells in vitro, J Cell Biochem 61 (1)
(1996) 0-17. | |
M. Danova, C. Pellicciari, C. Zibera, R. Mangiarott N. Gibell, M. Giordano, E. Wang, G
Mazznm L RICCZ!""’ ~~% eycle kineti~ affects of tamoxn"en on human breast cancer cells.
Flow cytometnc analyses of DNA content, BrdU Iabelmg, K|-67 PCNA, and statln -
expresslon Ann N Y Acad Sci 698 (1993) 174-81. v
A. Ercoli, G. Scambla A. Fattorossi, G. Raspagho A Battaglia, L. Cucchdl;tti W. Malomni,
G. Rainaldi, P. Benedetti Panici, S. Mancuso, Comparative study on the induction of
cytostasis and apoptosis ‘by ICl 182,780 and tamoxifen in an estrogen regeptoranegative
ovarian cancer cell line, Int J Cancer 76 (1) (1998) 47-54. |
T. Tominaga, Y. Yoshida, A. Matsumoto, K. Hayashi, G. Kosaki, Effects of tamoxifen and
the derivative (TAT) on cell cycle of MCF-7 in vitro, Anticancer Res 13 (3) (1993) 661-5.




10.

1.

12.
13.
14.

15.

16,
17.
18.

19,

C.K Watts, K.J. Sweeney, A Warlters, E.A. Musgrove, R.L. Sutherland, Antiestrogen
regu!aﬂon of cell cycle progression and cyclin D1 gene expressnon in MCF-7 human
breast cancer cells Breast Cancer Res Treat 31 (1) (1994) 85-105.

J.I. MacGregor, V.C. Jordan, Basic guide to the mechanisms of antiestrogen action,
Pharmacol Rev 50 (2) (1998) 151—96

B. Flsher J. Dignam, N. Wolmark D.L cherham E.R. Fisher, E Mamounas R. Smith,

M. Begovic, N.V. Dimitrov, R.G. Margolese C.G. Kardinal, M.T. "Kavanah, L.

_ Fehrenbacher, R.H. Oishi, Tamoxifen in treatment of mtraduclal breast cancer National

Surgtcai Adjuvant Breaat and Bowel Project B-24 randomised control!ed trial, Lancet 35.5 N
(9169) (1999) 1993-2000

E.B.C.T.C. Group, Tamoxufen for early breast cancer. An overview of the randomized

trials, Lancet 351 (1998) 1451-1467.

LA. Jaiyesimi, A.U. Buzdar, D.A. Decker, G.N. Hortobagyi, Use of tamoxifen for breast
cancer: twenty-eight years later, J Clin Oncol 13 (2) (1995) 513-29.

D.C. Allred, J.M. Harvey, M. Berardo, G.M. Clark, Prognostic and predictive factors in
breasf cancer by immunohistochemical analysis, Mod 'Pathol 11 (2) (1998) 155-68.

Z Shao, M. Jiang, L. Yu, Q. Han, Z. Shen, Estrogen receptor-negative breast cancer’

cells transfected with estrogen receptor exhibit decreased tumour progreséion and

sensmvnty to grcwth inhibition by estrogen, Chin Med SCI 412 (1) (1997) 11—4

B.J: 1‘« " 5. Jordan, Th- pharma»ology and clinical uses of tamoxifen, Pharmaco! Ther

25 (2) (1984) 127—205

R.R. Love, Tamoxifen therapy in primary breast cancer: bio'iogy, efficacy, and side
effects, J Clin Oncol 7 (6) (1989) 803—1‘5.

Y. Karig, R. Cortina, R.R. Perry, Role of c-myc in tahoxifen—induced apoptosis estrogen-
independent breast cancer célls. J Natl Cancer Inst 88 (5) (1996) 279-84. |

RR. Perry, Y. Kang, B. Greaves, Effects of tamoxifen on grbwth and apbptosis of |
estrogen-dependent and - independent human breast cancer cells, Ann Surg Oncol 2 (3)

(1995) 238-45.




20.

21,

23.

24.

25.

=

27.

28,

M. Markfnan, KA. Iseminger, K.D. Hatch, W.T. Creasman, W. Barnes, B. Dubeshter,
Tamoxifeh in platihum-refractory, ovarian cancer: a Gynecologic Oncplogy‘ Group
Ancillary Report, Gynecol Oncol 62 (1) (1996) 4-6. - |

C. Ferlini, G. Scambia, M. Marone, M. Distefano, C. Gaggini, G. Ferrandina, A
Fattorossi, G. isola, P. Benedetti Paniei, S. Mancuso, Tamoxifen inducee oxidative stress
and apoptosis in oestrogen recepter- negative human cencer cell lines, Br J Cancer 79
(2) (1999) 257-63. | ,

S Mandlekar, A.N. Kong, Mechanisms of tamoxifen-induced apoptosns Apoptos:s 6 (6)
12001) 469-77.

S. Mandlekar, R. Yu, T.H. Tan, AN. Kong, Activation of caspase-3 and c-Jun NH2-
terminal kinase-1 sugnahng pathways in tamoxifen-induced apoptosis of human breast
cancer cells, Canoer Res 60 (21) (2000) 5995-6000.

K.L. Blackwell, Z.A. Haroon, S. Shan, W. Saito, G. Broadwater CsS. Greenberg, M.W.
Dewhirst, Tamoxifen inhibits angiogenesis in estrogen receptor-negative animal models,
Clin Cancer Res 6 (11) (2000) 4359-64.

P.K. Majumder, P. Pandey, X. Sun, K. Cheng, R. Datta, S. Saxena, S. Kharbanda D.
Kufe, Mitochondrial translocation of protein kinase C_ delta in phqrbol ester-‘ induced
cytochrome ¢ release and apoptosis, J Biol Chem 275 (29) (2000) 21793-6. .

AA Colletta LM Wakef' eld, F.V. Howell KE. van Roozendaal, D. Damelpour S.R.

B “tbs, M B S;“m, M.-Baum; Antl-cestrogens induce the secretlon of actlve transfom”

growth factor beta from human fetal fi broblasts BrJ Cancer 62 (3) (1 990) 405‘9

R.R. Perry, Y. Kang, B.R. Greaves, Re!ationshlp between tamoxifen-induced
transforming growth factor beta 1 expresslon cytostasis and apoptosis in human breast
cancer cells, Br J Cancer 72 (6) (1995) 1441-6.

8. Mosselman, J. Polman, R. Dijkema, ER beta: identification and characteriiatien of a

novel human estrogen receptor, FEBS Lett 392 (1) (1996) 49-53.




29.

30.

3.

32.

33.

35.

- 36.

37.

G.G. Kuiper, J.A. Gustafssoh, The novel estrogen receptor-beta subtype: potential role in

the cell- and promoter—speclﬁc actions of estrogens and antl-estrogens FEBS l.ett 410

(1) (1997) 87-90.

- E.A. Viadusic, AE. Hornby, F.K. Guerra-Viadusic, J. Lakins, R. Lupu, Expression and

regulation of estrogen receptor beta in human breast tumors and cell lines, Oncol Reb 7

’ (1‘) (2000) 157-67.
T.A. Jarvinen, M. Pelto-Huikko, K. Holli,’ J. Isola, Estrogen receptor beta is coexpressed ’

with ERalpha and PR and associated with nodal status, grade and proliferation rate in
breast cancer, Am J Pathol 156 (1) (2000) 2035,

G. Lazennec, D. Bresson, A. Lucas, C. 'Chauveau,' F. Vignon, ER beta inhibits

proliferation and invasion of breast cancer cells, Endocrinology 142 (9) (2001) 4120-30.

Y. Omoto, S. Inoue, S. Ogawa, T. Toyama, H. Yamashita, M. Muramatsu, S. Kobayashl.

H. Iwase, Clinical value of the wild-type estrogen receptor beta expression i_n breast
cancer, Cancer Lett 163 (2) (2001) 207-12. -

S. Mann R. Lauclrlca N. Carlson P.S. Younes, N. Ali, A. Younes, Y Li, M. Younes,
Estrogen receptor beta expression in invasive breast cancer, Hum Pathol 32 (1) (2001)
138, | | |

B.S. Kalzenellenbogen, L Choi, R. Delage-Mourroux, T.R. Ediger, P.G. Martini, M.

Mo‘nhno, J. Sun, K. Weis, J.A. Katzenellenboben, Molecular mechanisms of estrogen

- aefnn selective ligands and receptor: pharmacology, J Slermd Blochem L Bldl

(2000) 279—85

B.S. Katzenellenbogen, J.A. Katzenellenbbgen, Estrogen receptor transcription and

transactivation: Estrogen receptor alpha and estrogen receptor beta: regulation by’

selective estrogen receptor modulators and importance in breast cancer, Breast Cancer

Res 2 (5) (2000) 335-44.

L. Flanagan, K. Van Weelden, C. Ammerman, S.P. Ethier, J. Welsh, SUM-159PT cells: a ,

novel estrogen independent human breast cancer mode! system, Breast Cancer Res

Treat 58 (3) (1999) 193-204.

[N




R o

38.

39.
40.

41.

42,

43.

S. Pandey, P.R. Walker, M. Sikorska, Identification of a novel 97 kDa endonuclease

capable of internucleosomal DNA cleavage, Biochemistry 36 (4) (1997) 711-20.

“R. Cullen, T.M. Maguire, EW. McDermott, A.D. Hill, N.J. O'Higgins, M.J. Duffy, Studies

dn oestrogen receptor-alpha and -beta mRNA in.brea.st cancer, Eur J Cancer 37 (9)
(2001) 111822, | o

P. Diel, K. Smolnikar, H. Michna, The pure antiestrogen ICI i82780 is mbre effective in
the ihducﬁdn of apoptosis 'and down reguiation of BCL-2 thé_n tamoxifen in MCF-? cells,
Breast Cancer Res Treat 58 (2) (1999) 87-97. ' |
S. Cariou, J.C. Donovan, W.M. F‘;anagah, A Miic, N. bhattacharya, J.V. Shingerland,
Down-regulation of p21WAF1/CIP1 or p27Kip1 abrogates antieStr‘dgen— mediated cell
cycle arrést in human breast cancer célls, Proc Natl Aéad Sci U S A 97 (16) (2000) 9042-
6. . ‘
CM. Cérdoso, J.B. Custodio, L.M. Aimeida, A.J. Moreno, Mechanisms of the deleterious
effects of tamoxifen on mitochondrial respiration rate and phosphorylation efﬁciency,
Toxicol Appl Pharmacol 176 (3) (2001) 14562. |

B.S. Kétzenellenbogen, M.M. Montano, T.R. Ediger, J. Sun; K. Ekena, G. Lazennec, P.G.

Martini, EM Mclnerney, R. Delage-Mourroux, K. Weis,A\JA Katzenellenbogen, Estrogen '

receptors: selective ligands, partners, and distinctive pharmacology, Recent Prog Horm -
Res 55 (2000) 163-93. A

NN

19




FIGURE LEGENDS

Figure 1. Effects of tamoxifen and ICI 182,780 on ER-positive and ER-negative breast
cam_ier cell proliferation. MCF-7 ¢ells ‘were plated at 10,000 cells/well in a 24 well plate. éUM-
159PT and MDA-MB-435 céllé were ’pla‘ted at 8,000 cells/well. 48 h folloWing plating, cells were '

the indicated times. For all ireatrhents total cell number was determined by crystal violet siairiing. _

AN

- treated with ethanol vehicle; - 10 uM tamoxifen; \\\\\\ or 10 uM ICI 182,780, for
Data expressed as mean + SEM of four valije?s per time point. Similar result were obtained from
at least three other independent experiments. *, P<0.05 (95% confidence level); ethanol control

vs treated

| Figure 2. Effects of Tamoxifen and ICI 182,780 on morphology (A) and DNA fragmentation
* (B) in ER-positive and ER-negative cells. A. Cells grown on Lab-Tek Il chamber slides were
“treated with ethanol vehicle, 10 uM Tamoxifen or 10 pM ICI 182,780, fixed after 72 h and
immunostained using aﬁ In situ C_eli Detection Kit" and visualized with DAB (brown nuclear

B staining). Photographed at 20x magniﬁcaﬁon. Bar =50 u. B. MCF-7, SUM.1 59PT and MDA-MB- ;
 435 cells were plated and treated for 48 h with vehicle 10 uM Tamoxifen or 10 uM ICI 182,780

- for 48 h. as described in Matenals and Methods For quantntatlon of DNA fragmentatlon DNA

. strand breake wern tabeled with Br-dUTP ond detectad meg a FIT"-cnnj“ﬁafed 2, ﬂ~BrdU'
-antibody as described in Materials and Methods. Numbers in upper right corner of each panel

indicate the percentage of positive cells after negative subtraction of data generated with vehicle

control cells.

Figure 3. Mitochondrial activation after treatment with tamoxifen. A. Cells were plated and .
treated with 10 uM tamoxifen or 5 uM etopside for 48 h as described in Materials and Methods.
Mitochondria and cytosolic fractions, isolated as described in Materials and Methods were

separated on a 12.5% SDS-PAGE gel, transferred to nitrocellulose and immunoblonéd with a
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~ and treated with ethanol cdntrol; - 10 uM tamoxifen,

-1 pM etoposide;

rabbit polycional antibody to Bax. B. Cells were pléted and treated with 10 pM tamoxifen or 5 uM

etopside for 48 h as described in Figure 2B. Cytosolic fractions isolated as described in Materials

- and Methods, were sebarated on a 12.5% SDS-PAGE gel, transferred to nitrocellulbse, and

immunoblotted with a mouse monoclonal antibody to cytochrome c.

Figure 4. Céspase Activétidr_l in ER-negative SUM-159PT (A) and MDA-MB-435 (B) breast

- cancer cells upon treatment with tamoxifen, ICI 182,780 and etopoeide. Cells were plated

10 M ICI 182,780; 4 or

1 as described in Materials and Methods for the indicated times. The
relative levels of caspase activity in cell lysates were estimated using a ﬂuorescence microplate
assay as described in Materials and Methods. Activity levels were determined by comparison of

fluorescence emission in the presence or absence of the appropriate substrate inhibitor.

o P<0.05 (95% confidence level); control vs treated.

. Figure §. Field inversion gel electrophoresis of ER-negative breast cancer cells upon

treatment with tamoxifen, ICl 182, 780 and etoposide. Cells were plated and treated for 24 h
as described in Materials and Methods. 2 x 10° cells were embedded in 1% low melting point
agarose and proteinase K digestion and electrophoresis was carried out as described in Materials

and Methods.

~ e~

Figure 6: RT-PCR Analysis of ER-a and ER-B in ER-positive and ER-negative breast

cancer cell lines. Total RNA was isolated from MCF-7, SUM-159PT and MDA-MB-435 cells and
amplified by PCR as described in Materials and Methods.

Table 1. Effects of Tamoxifen end ICI 182,780 on Cell Cycle Progression in ER-positive -
and ER-negative breast cancer cells. Cells plated and treated as described in Materials and
Methods for 48 h were ethanol fixed, stained with propidium iodide and analyzed by flow

cytometry as described in Materials and Methods.
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Gy/G; | s . GM
Percentage of
"~ Cells
Con | Tam ict | con | Tam Icl Con | Tam
MCF-7 54 | o7 88 a1 | 5 | s 15 8
SUM-159PT 55 7 58 - 33 24 31 12 5 |
MDA-MB-435 ’ 42 52 42 46 24 44 © 12 24

Each analysis was performed three times




