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BC050277 — “A New Therapeutic Paradigm for Breast Cancer Exploiting Low-Dose Estrogen-Induced

Apoptosis”.

Introduction

The Center of Excellence Grant will complete four independent, interconnected and synergistic tasks to achieve
the goal and answer the overarching question: to discover the mechanism of estrogen induced breast cancer
cell apoptosis and establish the clinical value of short-term low dose estrogen treatment to cause
apoptosis in antihormone resistant breast cancer. To achieve the goal, we have established an integrated
organization with a first class advisory board that links clinical trials (Task 1) with laboratory models and
mechanisms (Task 2) proteomics (Task 3) and genomics (Task 4).
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Body

The body will report our exceptional progress starting with the Administrative Core and then reports from the

four Task teams.

Administration and data tracking

The COE is generating large quantities of data of
diverse types (see figure). As a result, we created the
Biostatistics and Bioinformatics Consortium Core
(BBCC) to provide rigorous experimental design,
data analysis and bioinformatics support to all COE
investigators and physicians. The BBCC also
provides tools for data access, management,
annotation and publishing. The combination of this
experienced group of biostatisticians,
bioinformaticians and data management experts from
FCCC (Dr. Ross, Dr. Litwin, Ms. Tchuvatkina, Mr.
Collins),  Georgetown (Drs. Wu, Seillier-
Moiseiwitsch, Ressom, Hu, Huang) and TGen (Drs.
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Bittner, Kim, Suh, Balagurunathan) will provide a cohesive core that effectively serves COE scientists and
physicians. These individuals are knowledgeable about cancer biology, genetics, and epidemiology; and have
broad experience in quantitative applications for clinical trials, pre-clinical studies, functional genomics,

proteomics, translational investigations and cancer prevention and control research.




Accomplishments:

Over the past 12 months Drs. Ross and Litwin completed statistical design for a clinical trial of Estrace (oral
estradiol). The primary objective is to estimate the clinical response rate of treatment with estradiol in
postmenopausal women with hormone receptor-positive metastatic breast cancer who have failed two or
more sequential endocrine therapies. We will use an early stopping phase Il trial design to achieve this end.
We will test the null hypothesis that response rate is at most 10% versus the alternative that it is greater than
10%. Response is defined as either complete response (CR) or partial response (PR). We will initially
recruit 40 evaluable patients. If no more than 4 patients respond we will terminate the study for lack of
efficacy. If greater than 4 patients respond to treatment, we will continue recruitment to a total of 80
evaluable patients. If at least 12 of 80 patients respond, we will reject the null hypothesis, otherwise we will
accept it. The design has 8.8% type | error and 86.2% power if the true response rate is 20%. Under the
null hypothesis, the study has a 63.4% chance of early termination. Assuming 10% of recruited patients will
be inevaluable we will need to recruit approximately 88 patients. To protect patient safety, rules were also
developed by BBCC statisticians for early study termination due to excess toxicity. If 7 patients have a
Dose Limiting Toxicity (DLT) at any point during treatment of the first 40, we will terminate the trial early
as too toxic. If, at any point in the second cohort, the DLT total reaches 12 then treatment will likewise be
terminated and declared too toxic. Data analysis plans were also finalized for the secondary objectives. In
addition, BBCC statisticians completed the statistical design and data analysis plans for the follow-up
clinical study which will evaluate efficacy at a reduced dose of estradiol. Core members developed a novel
3-stage phase Il design for this follow-up clinical trial. o L T — . ]
The BBCC has established the COE web-portal
(coe.fcce.edu) to enable the four geographically separate |[a T
institutions to function in a more unified way by allowing | Department of Defense
timely sharing of research data and enhancing day-to-day [§& SR S—
communications among COE investigators (see figure). A |EEts Expince
Sun Microsystems Sun Fire T2000 Server with 8 gigabytes
of DDR2 memory and 1.8 terabytes of disk space was
purchased to support the various functions of the COE web-
portal. The portal is maintained at FCCC and runs under
the UNIX operating system. It has public and private
components. The public component includes a description
of each project/core and links to the participating
organizations. Access to of the private component of the portal is controlled through a robust, role-based
security system. Restrictions are applied to each user commensurate with their needs to access the data. As
studies expand, these various privileges will be reviewed and modified as needed. The secure portion of the
portal provides a number of critical capabilities to the COE. These include:

o Data repository to facilitate information collection/sharing and investigator collaboration. The website
permits uploading and controlled access to tissue culture, high-throughput genomic and proteomic data
generated by the COE. Genomic data (e.g., RNA expression microarray data) is generated at TGEN and
uploaded to the COE Data Repository (COE-DR) at FCCC. Similarly, proteomics data generated at
Georgetown University (GU) can be transmitted to FCCC (and retrieved) directly through the portal. In
the future, the COE-DR will also include animal model and de-identified clinical data.

0 Work Group Collaboration and Communication Tools: These portal features facilitate communications
and cooperative work among geographically diverse COE participants. The content management system
was implemented through tikiwiki (a PHP based open source software product (tikiwiki.org)). COE
investigators are able to archive documents, data, presentation materials (e.g., PowerPoint), important
references and research protocols through this system. Blogs and forums available through this portal,
allow users to post questions, remarks and comments on experiments or relevant journal articles.



http://www.soneting.edu/

The BBCC designed and developed an information system to support COE cell culture experiments. This
J2EE multi-tier application accommodates the collection and storage of information generated by the cell
culture experiments conducted at FCCC. This information includes sample availability, sample location,
quality control measurements and information about sample shipping. The system also stores data about all
sample transformations such as processing, creation of aliquots and pooling. The web interface provides
screens to enter new, and review previously entered information. Web interface was also designed to be
used in conjunction with a laser bar-code label scanner (see label below). This functionality improves data
entry efficiency and quality control. A more complete description of this system can be found in the Task 2
section of this report. Strict quality control is enforced though this system. The architecture diagram of the
system is displayed below:
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The BBCC collaborated with COE investigators in the design and development of a

bar coded sample identification system. In this system, each sample has a unique

identifier composed of the study name (COE) and a unique sample number. Both 10004018
study and sample IDs are displayed in human readable form and as 1D-bar codes on a | p3/05/07 5¢.¢ RMA
sample label. The generic sample identification system is being used for all biological TRizol RNA Lysate
samples collected through the COE project. Depending on a sample source (cell line 2h.E2.1
experiment, clinical trial, xenograft tumor experiment) various additional fields are 10004098:7
displayed on the label. For example, each cell line experiment label (see figure) IIIHIg!:I:!I:lIIIII
includes: experiment code, sample cell line, assay name, sample preparation/treatment,

harvesting time point, condition, replicate number, box identifier and sample location

inside the box. Alternatively, samples collected through clinical investigations will present sample type
(serum, plasma, frozen biopsy, biopsy formalin block), site number, patient sequence number, and date of
collection. For easy distinction, labels for each biosample type have different background color.

The BBCC collaborated with COE investigators in the preliminary design of an information system for the
clinical trail of estradiol in postmenopausal women with hormone receptor-positive metastatic breast cancer.
The resulting system will accommodate the collection and storage of information generated by the Clinical
Trials Consortium studies including: enrollment logs, patient demographics, health history, physical exams,
prior treatment, concomitant medications, drug compliance, adverse events/toxicities, clinical responses,
clinical labs, quality of life, and optional biopsy/blood sample information. This web-based application will
be built using J2EE technologies.

The BBCC conducted monthly web-conferences. The purpose of these web-meetings (which began in
March, 2007) was to build collaborations, exchange data analysis and data management capabilities, ensure
coordination of biostatistical and bioinformatics efforts across the several COE institutions, and define
requirements for the COE-DR. Each conference lasted 1 hour and included a formal presentation by one of
the sites followed by group discussion. A commercial web-meeting software product
(www.livemeeting.com) was used to augment voice conference calls via simultaneous video of the




presentation (e.g., software demonstration, PowerPoint slides) on their desktop computers via internet
connections. Agendas and supporting materials are available on the secure portion of the COE portal.

Task 1. To conduct exploratory clinical trials to determine the efficacy and dose response of pro-
apoptotic effects of estrogen [diethylstilbestrol (DES)] in patients following the failure of two successful
antihormonal therapies.

Task 1la.

During the first year of funding, we have focused on building the clinical infrastructure for the conduct of this
multi-institutional clinical trial associated with the award. During the first four months after being awarded the
Department of Defense (DOD) COE award, we then sought and successfully secured funding for this
investigator-initiated clinical trial as a non-restricted grant from Astra-Zeneca Pharmaceuticals to financially
support the clinical trial operations. These funds will support the Fox Chase Cancer Center protocol support
management office which will serve as the functional “central operations center” for the adverse event
monitoring and regulatory surveillance and control, as well as quality assurance of the clinical trial. As such, the
protocol support management team has created a portfolio of case report forms enabling reporting of adverse
events, patient enrollment logs, pill diary forms, as well as recording measurement of response to treatment.
Additionally, in collaboration with the Fox Chase Cancer Center Biostatistics department, over the past year, we
have developed an electronic database for the clinical information acquisition including patient enrollment logs
and demographics, health history, physical exams, prior treatment(s), concomitant medications, drug
compliance, adverse events/toxicities, clinical responses, clinical labs and quality of life assessments.

The clinical trial which was originally reviewed and approved by the Fox Chase Cancer Center Institutional
Review Board in June of 2006 has also subsequently been reviewed and approved by grant committee of Astra-
Zeneca Pharmaceuticals (March 2007) in accordance with providing funding. Additionally, the clinical trial
protocol has undergone initial review by the Department of Defense (September 2006 and July 2007) and is
currently undergoing final review prior to activation of the clinical trial. It is anticipated that the Department of
Defense final review will be completed within the subsequent thirty days. To ensure compliance with the Food
and Drug Administration (FDA) as well as both Astra-Zeneca and the DOD, we have filed for an
Investigational New Drug (IND) exemption for both of the therapeutic agents, anastrazole and Estrace, to be
administered in the clinic trial. In July of 2007, we were granted an IND exemption for anastrazole by the FDA
and the response for Estrace is pending at this time and also expected within the subsequent 30 days.

In conclusion, we believe that this first years’ accomplishments have provided the financial, regulatory and
electronic infrastructure to successfully conduct the clinical trial examining a new therapeutic paradigm for
breast cancer exploiting low dose estrogen to induce apoptosis and reverse resistance to anti-estrogen therapy.

Task 2: To elucidate the molecular mechanism of E,-induced survival and apoptosis in breast cancer cells
resistant to either selective ER modulators (SERMSs) or long-term estrogen deprivation.

Task 2a (original goal) Complete a series of experiments using sets of well defined breast cancer models of
E,-induced survival and apoptosis in vivo and in vitro [at the Fox Chase Cancer Center (FCCC)]. For each
model module we will generate samples for the analyses [carried out] under Task 3 [at Georgetown University
(GU)] and Task 4 [at Translational Genomics Research Institute (TGen)]. Each module contains combinations
of in vitro or in vivo models to create a biological resource linked to well defined survival (cell growth) or
apoptotic end points. Only the effect of estrogen, a SERM, or no treatment will be investigated and compared.



Model Module 1
In vitro
a) MCF-7 +/-E;
b) MCF-7/5C +/-E;

In vivo
¢) MCF-7/5C +/-E;

Model Module 2
In vivo
a)MCF-7 +/- E,
b)MCF-7/RALL +/- E;
c)MCF-7/RAL2 +/-E,

Model Module 3
In vitro
a) MCF-7/2A +/-2
concentrations of E,

In vivo
a) MCF-7/TAMLT +/- E;

Year 1

Year 2

Year 3

Original projected timeline and milestones for Task 2a:

Model modules of studies in vitro and in vivo from Task 2 (FCCC) will be completed annually during years 1-3
to provide a firm database of estrogen-induced survival and apoptosis mechanisms linked to biology. Tissues
from Task 2 will be processed for protein analysis and RNA under Tasks 3 (GU) and 4 (TGen) respectively.
Coded samples will be posted on the secure net.

WORK ACCOMPLISHED

Development of the COE Laboratory and Clinical Trial Data Capturing and Management Information
System_(cellWeb)

Before we could begin generating large series of specimens and derivatives of specimen on the order of
thousands of samples, we needed to establish a barcoded specimen tracking system which could be accessed via
a web interface. The tracking system, termed the COE Laboratory and Clinical Trial Data Capturing and
Management Information System or cellWeb, was developed in collaboration with Biostatistics and
Bioinformatics Consortium Core (BBCC) (see BBCC section for additional technical information). The
barcoded tracking system was designed to capture all essential information from an experiment and manage
physical relationships between samples generated by the cell culture experiments, and in the future, animal
tumor experiments, and the clinical trial. To track each individual sample, the labels incorporated a unique
identification (ID) number as a barcode and in human readable form, and all pertinent information regarding the
sample. An example of a barcoded label is shown in Fig. 2:1. Each line under the unique barcode ID lists
specific information about the sample. Line 1 of the label indicates the data of the experiment (“03/05/07”), the
cell line [“5C” (MCF-7/5C), as opposed to “WS8” (wild-type MCF-7/WS8), or “2A” (MCF-7/2A)], the tissue
type (“C” indicating cell line as opposed to xenograft tumor “T”), the assay for which the sample is intended
(“RMA” for RNA for microarray analysis, or “2DE” for proteomics). Line 2 indicates the preparation stage in
the processing of the sample, for instance, “TRIzol RNA lysate” indicates a crude RNA preparation that
requires further purification. Line 3 shows in a larger font the time point (2 h), the treatment [“E2” or “CON”
(control)], and the replicate number (e.g., replicate 1). Line 4 of the label lists the specific box’s ID number
(e.g., box 10001098) and position within the box (e.g., position 7) that the sample is located in ultracold
storage(-80° C). Line 5 of the label indicates the computer tracking sytem ID (“COE”).

Sample Figure 2:1. Barcode Label
Identifier
Multiple unique IDs are generated for each
e original_sample representing. a qlifferent stage in
preparation  preparation of the sample for its ultimate purpose. For
100040987 — Boxdentifier,  INStance, cells for microarray studies are initially
I samplepositen harvested in TRIzol reagent to rapidly disrupt cells,
Igzigmr destroy nucleases, and stabilize RNA integrity. The

| TRIzol RNA lysates are then processed to isolate RNA,

10004019

03/05/07.5C.C.RMA
TRIzol RNA Lysate

2h.E2.1

Timepoint,
Condition, —
Replicate




which is then used to synthesize single-strand cDNA for real-time PCR assays for gene expression quality
control studies (see below for quality control studies). The most efficient way to track at which step in the
process and where a sample is stored was to create a new ID for each step that required transferring part of a
sample to a new tube. Within the cellWeb informatics system, all derivative 1Ds corresponding to different
preparation stages of a single sample are linked to the originating sample’s ID or parent ID. For example, the
TRIzol RNA lysate ID corresponds to a parent ID and is used in managing microarray data. If more RNA needs
to be isolated from the original TRIzol lysate for follow-up confirmatory studies, new data can be easily linked
to the original sample and its corresponding microarray dataset. The microarray studies conducted at TGen will
employ the Agilent platform, which entails competitive hybridizations of a treated and untreated sample. To
minimize variation, we will pool the 6 replicate control-treated samples and hybridize this pooled reference
against each of 6 replicate E2-treated samples, with a different pooled reference for each time point. Hence,
there will be 6 arrays per time point, corresponding to 6 separate IDs. The datasets linked to the 6 array IDs can
then be collapsed into an average across replicate arrays, which will generate 1 ID per cell line and time point to
correlate to parallel time points in the proteomic experiments by ID mapping. In proteomic applications, 12
protein lysate replicates per group are pooled into a single lysate, which is used for the downstream
applications. Hence, for proteomic analyses, new IDs will be generated corresponding to pooled samples and
linked to the replicate sample 1Ds which compose the pooled sample. Thus, the relationships among all sample
IDs can be traced within the cellWeb informatics system, which also allows possible sources of variation to be
tracked, to ensure reliable conclusions from the data.

An additional important purpose of the cellWeb informatics system is validation that the correct samples
are processed. Before an experiment is executed, the samples to be generated by the experiment and
corresponding IDs are planned using an Excel spreadsheet. The system administrator then uploads the planned
experiment sample 1Ds into the cellWeb application. When the samples are harvested during an experiment or
retrieved from ultracold storage for manipulation, the barcoded labels together with a handheld laser scanning
gun allow a user to scan and login or logout samples into or out of inventory. However, before samples can be
logged in or out, the user must navigate through the cellWeb application to the specific experiment and protocol
to be carried out, allowing the cellWeb system to automatically generate the list of sample IDs required. The
system then verifies that scanned samples are indeed the intended sample in a graphical layout to allow the user
to readily recognize a potential error. After scanning samples, the user must review the samples logged by the
system to confirm they are indeed correct (Figure 2:2).

Barcoded Samples Select samples
[ T Scan intg Senvialbarcedes  Jio006001 ~
[ T o e
TN borriere
11 0 0 10008005
I T 07 10006006
1 0O 1 10006007

10006008
Review box 03/19/07.5C.C.2DE.Time 24h-72h

Location Freezer 1 Shelf 1 Box id 10006501
Rack 1 Column 1 Row 1 Boxname 03/19/07.5C.C.2DE.Time 24h-72h
Box graph | List of box samples
C Already registered
Flanned
Visual
Review

e
MNew scanned twice
MNews scanned on top

of registerad
Empty well

COR COm Cor COop CORM COr Cor COop Ez

EZ EZ E2 Ez Ez EZ E2 Ez Ez

Ez2 E2
T2 72

Figure 2:2. Composite screenshot of the cellWeb informatics system showing validation of correct sample usage by cross-
verification of scanned sample barcode I1Ds and the pre-defined inventory list of sample IDs.
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The cellWeb informatics system is also used as a central storage location of data generated for each
sample ID. Following completion of harvesting samples from an experiment and logging samples into cellWeb,
the samples are subjected to quality control testing using molecular markers to validate that the originating cells
had been treated as planned with E2 or not, and whether the experiment as a whole responded with growth
stimulation or inhibition as predicted in response to E2. These quality control measures are discussed in more
detail below. Once quality control testing has been completed, the results are uploaded into cellWeb.

Once samples have been generated, processed, and completed quality control testing at FCCC, the
samples are shipped to collaborators at TGen for microarray analysis or GU for proteomic analysis. To track
shipping of samples to collaborators, samples are logged out of inventory in the cellWeb system, which
validates that the correct samples are being shipped, and a weblink is created to the shipment carrier’s website
using a shipment tracking number allowing the shipment to be tracked and confirms receipt of delivery.

In summary, the cellWeb informatics system allows users to inventory collected samples, validate
correct sample usage, capture essential experimental data, track physical relationships between parent samples
and derivatives of parent samples resulting from different stages of sample preparation or pooling samples, and
whether samples have shipped to a collaborator (Figure 2:3). However, the cellWeb informatics system is a
work in progress and will continue to be developed to support the needs of the investigators as they evolve.

GENERATION OF CELL LINE SAMPLES FOR PROTEOMIC (UNDER TASK 3) AND
MICROARRAY ANALYSES (UNDER TASK 4)

Experiments Completed

Experiment 1) Production of MCF-7/WS8 protein samples for proteomics.
Experiment 2) Production of MCF-7/5C protein samples for proteomics.
Experiment 3) Production of MCF-7/WS8 RNA samples for microarrays.
Experiment 4) Production of MCF-7/5C RNA samples for microarrays.

Experimental Design

RNA and Protein Amounts Required. Initially, we had tried to prepare both microarray and proteomics
samples in a single experiment, but these experiments proved too big to execute effectively and our quality
control proliferation studies indicated poor growth responses. Therefore, we downsized experiments to only
generate samples for either microarray or proteomics studies. Ideally, we would use the same time course for
both microarray and proteomics studies. But proteomic studies required at least 4 mg and optimally 6 mg of
pooled protein per treatment per time point. To meet this protein requirement, pilot studies indicated 12
replicate large 15 cm tissue culture dishes of cells per group were needed. Hence, we needed to limit the time
points to just 3 (24 h, 48 h, and 72 h) to effectively execute the experiment. For microarray studies, 6 replicate
chip hybridizations per group were needed to achieve sufficient statistical power. Since only 10 pg of RNA per
sample was required for each array plus follow-up confirmatory real-time PCR studies, and this amount of RNA
could be isolated from a single 15 cm dish of cells, additional time points could be added to the study. Also,
since changes in gene expression would occur at the RNA level before protein levels were affected, earlier time
points than used for proteomic studies were needed. Hence, RNA samples were collected at 2 h, 6 h, 12 h, 24 h,
48 h, 72 h, and 96 h. Therefore, proteomic and microarray samples were not generated in the same experiment,
but all the proteomic time points have parallel microarray time points, though the time course of the microarray
samples was more extensive.
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METHODS

Cell Lines

The cell lines used to generate microarray and proteomics samles were wild-type MCF-7/WS8 cells,
which were clonally selected from parental MCF-7 cells for sensitivity to growth stimulation by 17p-estradiol
(E2) (1, 2), and MCF-7/5C cells, which were clonally selected from parental MCF-7 cells cultured long-term
under estrogen-free conditions (1) and undergo E2-induced apoptosis (3). MCF-7/WS8 cells were maintained in
fully estrogenized media (phenol red-containing RPMI-1640 and 10% whole fetal bovine serum (FBS),
supplemented with 6 ng/ml insulin, 2 mM glutamine, 100 uM non-essential amino acids, and 100 U of
penicillin and streptomycin per ml). MCF-7/5C cells were maintained in estrogen-free media (phenol red-free
RPMI-1640 and 10% dextran-coated charcoal-treated FBS plus the same supplements as for fully estrogenized
media). Cells were maintained at 37° C in a humidified 5% CO, atmosphere. Three days prior to an experiment,
MCF-7/WS8 cells were switched to estrogen-free media.

Protocol for Proteomic Sample-producing Experiments

MCF-7/WS8 cells, which had been switched from fully estrogenized to estrogen-free media 3 days
prior, were seeded at 2 million cells per 15 cm plate in estrogen-free media. Since MCF-7/5C cells undergo E2-
induced apoptosis, MCF-7/5C cells were seeded at 4 million cells per 15 cm plate in a total of 72 plates
corresponding to 12 replicate plates per each of 2 treatment groups per each of 3 time points. Treatments were
control (CON) media or media containing 10-9 M E2. Medias were replenished at 48 h. Paired CON- and E2-
treatment groups of cells were collected at 24 h, 48 h, and 72 h after beginning treatments and prepared as
protein lysates.

Protocol for Microarray Sample-producing Experiments

The protocol for producing samples for microarrays was the same as in producing samples for
proteomics except that 6 replicate plates per treatment group (CON or E2) per each of 7 time points were used
for a total of 84 plates of cells. Paired CON- and E2-treatment groups of cells were collected at 2 h, 6 h, 12 h,
24 h, 48 h, 72 h, and 96 h after beginning treatments and prepared as TRIzol lysates for RNA purification.

Quality Control

Quality control tests were implemented to: 1) validate the expected growth response of the cells to 10-9
M E2, either growth induction in MCF-7/WS8 cells or growth inhibition due to apoptosis in MCF-7/5C cells, 2)
confirm that individual samples had been treated correctly with 10-9 M E2 or without E2 by measuring RNA
expression markers.

Growth response quality control. This was carried out in parallel in each experiment by measuring
DNA content per well in 24-well dishes using the fluorescent dye Hoechst 33258. MCF-7/WS8 cells were
seeded at 72,000 or 15,000 cells per well in the respective experiments to produce proteomic or microarray
samples from these cells. MCF-7/5C cells were seeded at 20,000 cells per well. Cells were incubated with
control (CON), 10° M E2, and 10°® M fulvestrant media using 4 replicate wells per treatment. Cells were
allowed to grow for 7 days, except the MCF-7/WS8 cells in the plate seeded at 72,000 cells per well were
allowed to grow for 3 days. Media was changed on days 2, 4 and 6. On the last day, cells were washed with ice-
cold phosphate-buffered saline and frozen. Lysates were generated by sonicating the frozen cells in hypotonic
(0.1X) Hank’s balanced salt solution. Cellular DNA content in the lysates were measured using the DNA
Quantitation kit (BioRad) and compared to a standard curve of known calf thymus DNA amounts by linear
regression analysis.

RNA expression quality control. This was accomplished using quantitative real-time polymerase chain
reaction (PCR) assays to measure levels of two classical E2-responsive genes, c-myc which exhibits early
kinetics of E2-induction, and pS2 which exhibits later kinetics of E2-induction. In experiments executed to
produce protein samples for proteomics, 10% of the cells were removed from each 15 cm dish from which RNA
was purified and cDNA synthesized. The remaining cells were used to generate protein lysates. In experiments
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executed to produce RNA samples for microarrays, a portion of RNA isolated from each 15 cm dish was used
to generate cDNA.

Statistical Considerations for RNA expression quality control. A sample failed RNA expression
quality control if the endogenous normalization gene (18S rRNA or GAPDH) indicated that the RNA was
degraded, defined as the normalization gene level for a given sample being significantly different than all of the
samples in the entire experiment by 1-way ANOVA with a Bonferroni’s Multiple Comparison Post Test. If the
sample was a planned E2-treated sample, then it must also exhibit a higher level than at least one of the two
marker E2-responsive genes (c-myc or pS2) by at least 2 standard deviations than the average of the entire
paired CON-treated group to pass quality control. If the sample was a planned CON-treated sample, then it must
also exhibit a lower RNA level than at least one of the two marker E2-responsive gene by at least 2 standard
deviations than the average of the entire paired E2-treated group to pass quality control.

Protein Lysate Preparation

Cells were washed with ice cold phosphate-buffered saline, and lysed in a solution of 7 M urea, 2 M
thiourea, 32.5 mM CHAPS, and 20 mM dithiothreitol. Lysates were subjected to a freeze-thaw cycle, sonicated,
and cleared by centrifugation at 14,000xg for 30 min at 4° C.

RNA Purification

Cells were washed with ice cold phosphate-buffered saline, and lysed in TRIzol reagent (Invitrogen).
TRIzol lysates were heated to 65° C for 30 minutes, and extracted with chloroform to form an aqueous phase
solution, which was mixed 1:1 by volume with 70% ethanol. The resulting mixture was applied to RNeasy
(Qiagen) anion-exchange columns and processed following the manufacturer’s directions to elute purified total
RNA.

cDNA Synthesis and Quantitative Real-time PCR Assays

Single-strand cDNA was synthesized from RNA using random hexamers and oligodeoxynucleotide dTs
as primers and an MuLV reverse transcriptase-based kit (High Capacity cDNA Reverse Transcription Kit;
Applied Biosystems, Foster City, CA). Real-time PCR assays were carried out using 10 ng cDNA per well in a
total volume of 25 ul and either the TagMan Universal PCR Master Mix (Applied Biosystems) for dual
fluorescently-labeled probe-based assays, or Power SYBR Green Master Mix (Applied Biosystems) for non-
probe-based assays. Each cDNA sample was assayed in triplicate. PCR product accumulation was measured in
real-time using an ABI 7700 Sequence Detection System (Applied Biosystems). To quantitate RNA levels, the
threshold cycles of PCR product accumulation of unknown samples were compared against a standard curve
consisting of 6 2-fold serial dilutions of reference MCF-7/WS8 cDNA. RNA levels of the target gene were
normalized to either 18S or GAPDH RNA levels.

PCR primer sequences were as follows: 18S forward 5-CGG CTA CCA CAT CCA AGG AA-3, 18S
reverse 5'-GCT GGA ATT ACC GCG GCT-3, 18S probe 5'-[6FAM]-CAC CAG ACT TGC CCT C-[BHQ1]-3};
c-myc forward 5'-GCC ACG TCT CCA CAC ATC AG-3', c-myc reverse 5'-TCT TGG CAG CAG GAT AGT
CCT T-3', c-myc probe 5'-[6FAM]-ACG CAG CGC CTC CCT CCA CTC-[BHQ1]-3; ERa forward 5’-GGA
GGG CAG GGG TGA A-3’, ERa reverse 5°-GGC CAG GCT GTT CTT CTT AGA-3’, ERa probe 5'-[6FAM]-
GCC AAG CCC GCT CAT GAT CAA ACG C-[BHQ1]-3; GAPDH forward 5'-AGC CGA GCC ACA TCG
CT-3', GAPDH reverse 5-ATG GCA ACA ATA TCC ACT TTA CCA GAG-3, GAPDH probe 5'-[6FAM]-
CCC TGG TGA CCA GGC-[BHQ1]-3"; GPR30 forward 5-CTG CCT AAA CCC CCT CAT CT-3, GPR30
reverse 5'-AAC CTC ACA TCC GAC TGC TC-3', GPR30 probe 5-[6FAM]-CTG AAC CGC TTC TGT CAC
GCT GCC C-[BHQ1]-3"; pS2 forward 5-CAT CGA CGT CCC TCC AGA AGA G-3', pS2 reverse 5-CTC
TGG GAC TAATCACCG TGC TG-3..
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RESULTS

Experiment 1) Production of MCF-7/WS8 protein samples for proteomics.

The quality control DNA-based proliferation assay (Fig. 2:3) showed that the MCF-7/WS8 cells used to
produce protein lysates for proteomic analysis responded to 72 h of 10-9 M E2 with a 2.0-fold increase in
growth compared to CON-treated cells (P-value < 0.001). Cells treated with the complete antiestrogen
fulvestrant (FUL), did not show decreased proliferation compared to the CON-treated cells at any time point,
thus the media containing charcoal-stripped FBS was not contaminated with endogenous estrogens. Therefore,
the MCF-7/WS8 cells exhibited E2-induced growth stimulation, indicating that the cells were suitable for
producing proteomic samples.

The RNA expression quality control assays of c-myc and pS2 in MCF-7/WS8 cells are shown in Fig. 2:4
and 5, respectively. The RNA expression of the endogenous normalization gene 18S indicated that 4 samples
contained degraded RNA (data not shown), and one sample was misplaced; these samples have been omitted
from the graphs (Fig. 2:4 and 2:5). The E2-treated samples all showed induction of either c-myc or pS2.
Replicate 12 in the 24 h CON group showed a high level of c-myc mRNA expression (Fig. 2:4), but the pS2
MRNA level in this replicate was not different than the remaining individual CON samples in the group (Fig.
2:5). Hence the relatively high level of c-myc in this CON sample may reflect biological variation. All of the
remaining CON-treated samples showed low levels of c-myc and pS2 expression.

Therefore, 93% (67 out of 72) of the MCF-7/WS8 samples passed quality control. Protein lysates from
these samples have been shipped to GU for proteomic studies under Task 3.
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Figure 2:3. Growth over 3 Days of MCF-7/WS8 Cells Used to Produce Proteomic Samples.
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Experiment 2) Production of MCF-7/5C protein samples for proteomics.

As shown in Fig. 2:6, MCF-7/5C cells used to produce protein lysates for proteomic analysis exhibited a
91.3% inhibition of growth in response to 7 days of 10-9 M E2 treatment compared to CON treatment (P-value
< 0.001), likely as a result of apoptosis as previously reported (3). MCF-7/5C cells treated with 10-6 M FUL
also showed decreased growth by 54.9% compared to CON-treated cells (P-value < 0.001), but significantly
more growth than that of the E2-treated cells (P-value < 0.001). Hence, MCF-7/5C cells exhibited partial
resistance to FUL, as previously reported (3). Overall, the MCF-7/5C cells exhibited the expected growth
responses to E2 and FUL, indicating that the cells were appropriate to use for producing proteomic samples.

The 18S rRNA levels in the MCF-7/5C cells indicated that replicate 7 in the 72 h CON contained
degraded RNA (sample omitted from the graphs). All of the E2-treated cells showed induction of c-myc (Fig.
2:7) and pS2 RNA levels (Fig. 2:8), while low levels of the RNAs were observed in CON-treated cells.

Therefore, 99% (71 out 72) of the MCF-7/5C samples passed quality control. Protein lysates from these
samples have been shipped to GU for proteomic studies under Task 3.
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Figure 2:3. Growth over 7 Days of MCF-7/5C Cells Used to Produce Proteomic Samples.

14



lative c-myc / 18S RNA levels

T " L

R e B A M&WMJ%

24 h Control 24h 10-9ME2 | 48h Contro 48h 10-9 M E2 72 h Control 72h 10-9 M E2

Figure 2:7. c-myc RNA Expression in Individual MCF-7/5C Proteomic Samples.

N w IS @ @ ~
S ] S 3 3 S

Relative pS2 / 18S RNA levels

H
)

-------------------------

WMM%\%LMW%MM&H»LMHM{MHMM

24 h Control 24h10-9ME2 48 h Control 48 h 10-9 M E2 72 h Control 72h 10-9ME2

o

Figure 2:4. pS2 RNA Expression in Individual MCF-7/5C Proteomic Samples.

Experiment 3) Production of MCF-7/WS8 RNA samples for microarrays.

The proliferation of MCF-7/WS8 cells (Fig. 2:9) used to produce microarray samples showed a 3.75-
fold increase over 7 days of 10-9 M E2 treatment compared to CON-treated cells (P-value < 0.001). Therefore,
the MCF-7/WS8 cells exhibited the expected E2-induced growth stimulation, and indicated that they were
acceptable for producing proteomic samples.

The RNA expression quality control assays of the endogenous normalization gene GAPDH indicated
that none of samples contained degraded RNA (data not shown). However, replicates 2 and 3 in the 2 h CON
group were mistakenly combined. RNA levels of c-myc (Fig. 2:10) and pS2 (Fig. 2:11) in the MCF-7/WS8 cells
for microarrays indicated that every sample had been properly treated. The E2-treated samples all showed
induction of either c-myc or pS2, while the CON-treated samples did not. Although 2 CON replicates had been
combined, the CON-treated replicates in the same group will eventually be combined to serve as a chip
hybridization reference RNA in the microarray experiments, hence these pre-maturely combined CON
replicates were retained in the experiment.

Therefore, 100% (84 out of 84) of the MCF-7/WS8 RNA samples passed quality control and have been
shipped to TGen for microarray studies under Task 4.
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Figure 2:11. pS2 RNA Expression in Individual MCF-7/WS8 Microarray Samples.

Experiment 4) Production of MCF-7/5C RNA samples for microarrays.

The MCF-7/5C cells (Fig. 2:12) used to produce microarray samples showed 79.6% inhibition of growth
after 7 days of 10-9 M E2 treatment compared to the CON-treated cells (P-value < 0.001), again likely due to
E2-induced apoptosis. Therefore, the MCF-7/5C cells exhibited the expected growth in response to E2
treatment, and that they were suitable for microarray analysis.

The mRNA levels of GAPDH in the MCF-7/5C cells indicated that 5 of the samples contained degraded
RNA (data not shown). The E2-treated MCF-7/5C cells for microarrays all exhibited induction of either c-myc
(Fig. 2:13) or pS2 (Fig. 2:14), while the CON-treated samples did not. Hence the cells had been properly
treated. The tube containing the 12 h CON replicate 4 cDNA sample had cracked and the cDNA sample was
lost prior to determining the pS2 RNA level, but the RNA remained. Since this sample showed robust c-myc
induction and the RNA was not lost, this sample passed quality control.
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Therefore, 94% (79 out of 84) of the MCF-7/5C RNA samples passed quality control and have been
shipped to TGen for microarray studies under Task 4.
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Figure 2:12. Growth of MCF-7/5C Used to Produce Microarray Samples.
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Figure 2:14. pS2 RNA Expression in Individual MCF-7/5C Microarray Samples.
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PRELIMINARY EXPERIMENTS: PRODUCTION OF XENOGRAFT TUMOR SAMPLES FOR
MICROARRAY ANALYSES (UNDER TASK 4)

The experiments involving growth of the in vivo xenograft tumor models are described in greater detail in the
publication attached as an appendix by Ariazi et al., “Emerging principles for the development of resistance to
antihormonal therapy: Implications for the clinical utility of fulvestrant” (J Steroid Biochem Mol Biol, 102:
128-138, 2006) (4).
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Experiments Completed

Experiment 1) Production of wild-type MCF-7/E2 tumor samples for microarrays (Fig. 2:15).

Experiment 2) Production of phase I-resistant MCF-7/RAL1 tumor samples for microarrays (Fig. 2:16).
Experiment 3) Production of phase Il-resistant MCF-7/RAL2 tumor samples for microarrays (Fig. 2:17).
Experiment 4) Production of phase Il-resistant MCF-7/TAM2 tumor samples for microarrays (Fig. 2:18).
Experiment 5) Production of estrogen withdrawal-resistant MCF-7/5C tumor samples for microarrays (Fig.
2:19).

Methods

Athymic Mice, Tumor Inoculation, and Tumor Tracking

All procedures involving animals have been approved by the Fox Chase Cancer Center’s Internal
Animal Care and Use Committee.

All animal studies employed female ovariectomized athymic BALB/c nude (nu/nu) mice (Taconic,
Hudson, NY, USA) that were inoculated with tumor cells at 5-6 weeks of age. For experiments employing
tumor models which were generated and serially propagated as xenografts (in vivo), 1 mm® tumor sections were
bilaterally transplanted using a trochar into the axillary mammary fat pads. For studies using tumor models
which were generated and maintained in tissue culture (in vitro), cells were suspended in phosphate-buffered
saline and bilaterally injected into axillary mammary fat pads at 10 cells per site.

Tumor growth was tracked by weekly measurements of tumor length (I) and width (w) using Vernier
calipers, from which the tumor cross-sectional area was calculated using the equation: (1/2) x (w/2) x w. Tumor
growth curves are expressed as the average cross-sectional tumor area per treatment group * standard error
(SE).

Drug treatments

Mice were treated with estrogen by implanting a 0.3 cm E; silastic capsule subcutaneously into the
intrascapular region on the back of the mouse at the time of tumor cell inoculation. The capsules were prepared
by filling silicone tubing (0.078 inch inner diameter/ 0.125 inch outer diameter; Fisher) 0.3 cm in length with a
1:3 (w/w) mixture of E, (Sigma-Aldrich, St. Louis, MO, USA) and silastic elastomer (Dow Corning, Midland,
MI, USA), and then sealing the ends with silicone adhesive (Dow Corning) and sterilized by gamma irradiation.
Athymic mice implanted with these capsules achieve mean serum levels of 83.8 pg/ml (308 pM) E; (5), which
approximates perimenopausal E, levels in women. RAL and TAM were orally administered by gastric
intubation at 1.5 mg/day 5 days per week. Evista tablets (Eli Lilly Pharmaceuticals, Indianapolis, IN, USA;
purchased from the Fox Chase Cancer Center’s pharmacy), the clinically available form of RAL (60 mg/tablet),
were initially dissolved in water, and then suspended at 10 mg/ml in 10% polyethylene glycol 400/Tween 80
(99.5% polyethylene glycol 400, 0.5% Tween 80) and 0.9% carboxymethyl cellulose. TAM (Sigma) was
initially dissolved in ethanol (EtOH), and then suspended at 10 mg/ml in 10% polyethylene glycol 400/Tween
80 (99.5% polyethylene glycol 400, 0.5% Tween 80) and 0.9% carboxymethyl cellulose. The FUL administered
was the clinical faslodex preparation, a 50 mg/ml proprietary solution of FUL in primarily EtOH supplemented
with castor oil as a release rate modifier. FUL was administered as 2 mg sc injections in the scruff of the neck
given 5 days per week. The clinical Faslodex preparation was purchased from the Fox Chase Cancer Center’s
pharmacy.

Derivation of the MCF-7/E2 Xenograft Tumor Model

The MCF-7/E2 xenograft tumor model, representing the antihormonal-sensitive stage of breast cancer,
was originally developed by bilateral injection of 10" MCF-7 cells, grown in tissue culture, into the axillary
mammary fat pads of female ovariectomized athymic BALB/c nu/nu mice implanted with a 0.3 cm E;, capsule
(6). The resulting MCF-7/E2 tumors have been propagated in vivo by serial transplantation into likewise E,-
treated ovariectomized athymic mice.

Derivation of MCF-7/RAL1 Xenograft Tumor Model
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The MCF-7/RAL1 (Phase I) SERM-resistant tumor model was derived by transplantation of MCF-7/E2
tumors into RAL-treated ovariectomized athymic mice. After extended RAL treatment, a small percentage of
these tumors showed minimal but significant growth, and following re-transplantation into new RAL-treated
ovariectomized athymic mice, these tumors then exhibited robust RAL-stimulated growth (7). MCF-7/RAL1
tumors have been propagated in vivo for over 3 years by serial transplantation into RAL-treated ovariectomized
athymic mice.

Derivation of MCF-7/RAL2 Xenograft Tumor Model

The MCF-7/RAL2 (Phase 1) SERM-resistant tumor model was developed in vitro by tissue culture of
MCEF-7 cells in estrogen-free medium supplemented with 1 uM RAL for over 1 year (8). MCF-7/RAL2 cells
were maintained in culture in estrogen-free MEM plus 5% dextran-coated charcoal-treated calf serum, 2 mM
glutamine, 6 ng/ml bovine insulin, 100 U/ml penicillin, 100 pg/ml streptomycin, and 1x non-essential amino
acids (8). MCF-7/RAL2 tumors were generated by growing these cells in culture, and then bilaterally injecting
them into the axillary mammary fat pads of ovariectomized athymic mice at 10’ cells per site.

Derivation of MCF-7/TAM2 Xenograft Tumor Model

The MCF-7/TAM2 (Phase II) SERM-resistant tumor model was developed in a similar manner as the
MCF-7/RAL1 tumor model, by initial transplantation of MCF-7/E2 tumor pieces into TAM-treated
ovariectomized athymic mice, and repeated transplantation of minimally growing tumors into new TAM-treated
mice until robust TAM-stimulated growth occurred. These MCF-7/TAM tumors passed through different
phases of SERM resistance; they were initially stimulated to grow by both TAM and E; (9, 10), but have
evolved over 5 years of serial propagation in vivo to a stage in which only TAM, but not E,, stimulates growth
(11-13).

Derivation of Estrogen Deprivation-resistant MCF-7/5C Xenograft Tumor Model

MCF-7/5C cells were clonally isolated from a population of MCF-7 cells grown under long-term
estrogen-free conditions (1) and represent Phase Il LTED resistance. The MCF-7/5C cells were grown in
culture as described above, and then bilaterally injected into the axillary mammary fat pads of ovariectomized
athymic mice at 10" cells per site.

Statistical Analyses for Tumor Models

Tumor growth was analyzed longitudinally with two-factor analysis of variance (ANOVA) to determine
significant differences in cross-sectional areas between all tumors in each treatment group in a time-dependent
manner All statistical tests were two-sided and calculated using SAS (SAS Institute, Cary, NC, USA).

RESULTS

Experiment 1) Production of wild-type MCF-7/E2 tumor samples for microarrays.

MCF-7/E2 xenograft tumors are propagated in vivo by serial transplantation into 0.3 cm E; capsule-
implanted ovariectomized athymic mice. MCF-7/E2 tumor cores were implanted into 15 ovariectomized
athymic mice and separated into 3 groups of 5 mice each, or 10 tumors per group. The treatment groups were
control (no treatment), 0.3 cm E, capsule sc, or 0.3 cm E, capsule sc plus FUL. The FUL formulation
corresponded to the clinical Faslodex preparation, which is a proprietary solution of primarily EtOH and some
castor oil as a slow release-rate modifier. The clinical Faslodex preparation was administered as a 2 mg sc
injection given 5 times per week, totaling 10 mg/week.

The MCF-7/E2 tumors grew robustly when treated with the 0.3 cm E; capsule, but did not grow in the
control group (Fig. 2:15, E, vs. Control, P < 0.0001), demonstrating that these tumors were dependent on Eo.
The implanted capsules produce E; levels that are in the physiologic range observed in perimenopausal women.
The cross-sectional areas of the MCF-7/E2 tumors treated with E, plus FUL was significantly smaller than
those tumors treated with E; alone (Fig. 15, P-values <0.0001). Therefore, FUL inhibited E,-stimulated growth
of MCF-7/E2 tumors.
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For microarray analysis (under Task 4), only established MCF-7/E2 tumors grown in the presence of E2
were used. However, two weeks before the tumors were collected, the 0.3 cm E2 capsule was removed from 2
mice to generate 4 E2-withdrawn control tumors.

091 e=Control Physiologic E,

|| 0.3 cm E2 capsule sc (0.30 cm capsule sc)
—&—E2 + 2 mg FUL 5x/wk sc

o
©

o
3

o
o

o
2]

o
~

o
w

E, + 2mg FUL 5x/wk sc

Ave. Cross-sectional Area (cmz)

o
)

o
-

Control

5 10 15 20 25 30 35 40 45
Days Since Implantation

Figure 2:5. Preliminary Experiment with MCF-7/E2 Tumors Used for Microarray Analysis.
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Experiment 2) Production of phase I-resistant MCF-7/RAL1 tumor samples for microarrays.

MCF-7/RAL1 tumors are maintained in vivo by serial transplantation into 1.5 mg/day RAL-treated
ovariectomized athymic mice. To illustrate the phase of SERM resistance the MCF-7/RAL1 tumor should be
categorized into, MCF-7/RAL1 tumor cores were implanted into 20 ovariectomized athymic mice and separated
into 4 treatment groups of 5 mice each (10 tumors/group) corresponding 1.5 mg/day RAL po, 0.3 cm E; capsule
sc, 2 mg/day FUL sc, and control (no treatment). The MCF-7/RAL1 tumors were significantly stimulated to
grow by RAL treatment (P < 0.0001) and by E; treatment (P < 0.0001) compared to control treatment (Fig.
2:16). However, a modest amount of growth was observed in the control-treated group, indicating that these
tumors are not absolutely dependent upon an ER ligand with partial agonist activity. We have previously shown
that primary cultures of MCF-7/RAL1 tumors exhibit equivalent levels of estrogen response element (ERE)-
regulated reporter gene activity in the absence of E; as did primary cultures of MCF-7/E2 tumors when treated
with E; (7). Thus, the unliganded ER activity in MCF-7/RAL1 tumors is high and probably contributed to the
modest growth of these tumors without the need of RAL or E,. FUL did not significantly effect the growth of
MCF-7/RAL1 tumors (Fig. 2:16). Thus, either a SERM or E,, but not FUL, supports the growth of these MCF-
7/RAL1 xenografts. Therefore, these tumors are categorized as Phase | SERM-resistant.

For microarray analysis (under Task 4), only established MCF-7/RAL1 tumors grown in the presence of
RAL were used. However, two weeks before the tumors were collected, RAL treatment was removed from 2
mice to generate 4 RAL-withdrawn control tumors.
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Figure 2:6. Preliminary Experiment with MCF-7/RAL1 Tumors Used for Microarray Analysis.
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Experiment 3) Production of phase Il-resistant MCF-7/RAL2 tumor samples for microarrays.

MCF-7/RAL2 tumor cells are maintained in vitro by culture in media containing 1 uM RAL. To study
the growth properties of MCF-7/RAL2 cells in vivo, the cells were grown in culture and injected into 20
ovariectomized athymic mice, which were separated into 4 groups of 5 (10 tumors/group) and treated with 1.5
mg/day RAL po, 0.3 cm E; capsule sc, 2 mg/day FUL sc, or control (not treated). The MCF-7/RAL2 tumors
only grew when treated with RAL (RAL vs. control, P<0.0001), and did not form any palpable tumors by day
42 when treated with E,, FUL or not treated (control) (Fig. 2:17). We have previously shown that when MCF-
7/RAL2 tumors are allowed to grow by treating with TAM until they are established and then switching
treatments to E,, E, causes tumor regression by inducing apoptosis as measured by TUNEL staining (8).
Therefore, growth of the MCF-7/RAL2 tumors was dependent on RAL, but inhibited by E, and FUL, which
categorizes these tumors as Phase 11 SERM-resistant.

For microarray analysis (under Task 4), only established MCF-7/RAL2 tumors grown in the presence of
RAL were used. However, two weeks before the tumors were collected, RAL treatment was removed from 2
mice to generate 4 RAL-withdrawn control tumors.
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Figure 2:7. Preliminary Experiment with MCF-7/RAL2 Tumors Used for Microarray Analysis.
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Experiment 4) Production of phase I1-resistant MCF-7/TAM2 tumor samples for microarrays.

MCF-7/TAM2 tumors are propagated in vivo by serial transplantation into 1.5 mg/day TAM-treated
ovariectomized athymic mice. To characterize the growth properties of this tumor type, MCF-7/TAM2 tumor
cores were implanted into 20 ovariectomized athymic mice, which were separated into 4 groups of 5 (10
tumors/group) and treated with 1.5 mg/day TAM po, 0.3 cm E; capsule sc, 2 mg/day FUL (Faslodex) sc, or not
treated (control). MCF-7/TAM2 tumors were stimulated to grow by TAM compared to the control group (Fig.
2:4, P <0.0001). The control group did show a minimal amount of growth (Fig. 2:18), which is hypothesized to
be due to substantial unliganded ER activity as in the MCF-7/RAL1 model. FUL did not significantly effect
growth of the MCF-7/TAM2 tumors versus control treatment. Interestingly, E, did significantly inhibit tumor
growth compared to the control group (Fig. 2:18, P = 0.0004). As with the MCF-7/RAL2 tumors, we have
previously demonstrated that E, treatment leads to regression of MCF-7/TAM2 tumors (11, 13) by inducing
apoptosis as detected by TUNEL staining (12). Therefore, TAM stimulated growth, FUL did not support
growth, and E; inhibited growth of MCF-7/TAM2 tumors, defining this model as Phase 11 SERM-resistant.

For microarray analysis (under Task 4), only established MCF-7/TAM2 tumors grown in the presence of
TAM were used. However, two weeks before the tumors were collected, TAM treatment was removed from 2
mice to generate 4 TAM-withdrawn control tumors.
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Figure 2:8. Preliminary Experiment with MCF-7/TAM2 Tumors Used for Microarray Analysis.
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Experiment 5) Production of estrogen withdrawal-resistant MCF-7/5C tumor samples for microarrays.

We verified that the MCF-7/5C cells grown in vitro in cell culture behaved similarly in vivo as a
xenograft tumor. MCF-7/5C cells were grown in culture and injected into 20 ovariectomized athymic mice. The
animals were separated into 4 treatment groups of 5 mice each (10 tumors/group), corresponding to control (not
treated), 0.3 cm E; capsule sc, 2 mg/day FUL sc (Faslodex), and 0.3 cm E; capsule sc plus 2 mg/day FUL sc
(Faslodex). MCF-7/5C cells rapidly formed substantial tumors at every injection site (10 out of 10) in control-
treated mice by 21 days after inoculation, but only 1 palpable tumor formed out of 10 injection sites in mice
treated with E,, resulting in a highly significant difference in the average tumor cross-sectional area between the
two treatment groups (Fig. 2:19, P < 0.0001). In a prior report, we have shown that E, induces tumor regression
and apoptosis in established MCF-7/5C xenograft tumors (3). Importantly, MCF-7/5C xenograft tumors showed
robust growth in the presence of FUL or E; plus FUL, which was not significantly different than growth of the
control (no treatment) group, but was significantly greater than in the E, treatment group (Fig. 2:19, FUL vs. E,
P <0.0001; E,+FUL vs. E», P <0.0001). Hence, the MCF-7/5C xenograft tumor model was resistant to growth
inhibition by FUL, and FUL treatment abrogated E,-mediated growth inhibition.

For microarray analysis (under Task 4), only established MCF-7/5C tumors grown in the absence of E;
were used. However, two days before the tumors were collected, 3 mice were implanted with 0.3 cm E;
capsules sc to generate 6 Ep-treated tumors.
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Figure 2:9. Preliminary Experiment with MCF-7/5C Tumors Used for Microarray Analysis.

Task 2. (Lewis-Wambi) To elucidate the molecular mechanism of estradiol (E;)-induced survival and
apoptosis in breast cancer cells resistant to either selective ER modulators (SERMSs) or long-term
estrogen deprivation.

Task 2a. Complete a series of experiments using sets of well defined breast cancer models of E,-induced
survival and apoptosis in vivo and in vitro.
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In order to address Task 2a, our laboratory has created a panel of MCF-7 breast cancer cells in vitro that have
been E,-deprived (ED) for several years to replicate resistance to estrogen deprivation (i.e. resistance to
aromatase inhibitors). Model module 1 includes the parental (naive) MCF-7 cell line which responds to
physiologic concentrations of E, with growth and two estrogen-deprived breast cancer cell clones, MCF-7:5C
and MCF-7:2A cells, both of which undergo apoptosis (programmed cell death) in the presence of E, (Figure
2:20). Interestingly, it appears that the apoptotic effect of E, in MCF-7:2A cells occurs after 7 days of treatment
whereas in MCF-7:5C cells apoptosis occurs after 2 days of E; treatment (Figure 2:20 & 2:21).
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Figure 2:20. Effects of E, on the growth of parental MCF-7 cells and long-term E,-deprived MCF-7:5C and MCF-
7:2A cells. For growth assays, approximately 2 x 10* MCF-7, MCF-7:2A, and MCF-7:5C cells were seeded in 24-well
plates in estrogen-free RPMI medium and then treated with either E, (10° M) or fulvestrant (10° M) for 7 or 11 days. Note,
for fulvestrant treatment of MCF-7 cells, growth assay was performed in phenol-red RPMI medium containing 10% fetal
bovine serum (FBS). Cells were harvested at the indicated time point and total DNA (ug/well or ng/well) was determined
using a DNA fluorescence quantitation kit. Data shown is representative of four separate experiments with similar results
and arrow bars indicate mean £SE of triplicate values.
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Figure 2:21 E, induces apoptosis in MCF-7:5C and MCF-7:2A cells. For experiment, MCF-7:5C and MCF-7:2A cells (2
x 10° ) were seeded in 8-well chamber slides in estrogen-free RPMI medium and then treated with 10° M E, or ethanol
vehicle (control) for 3 days (MCF-7:5C cells) or 7 days (MCF-7:2A cells). Apoptotic cells were identified by TdT-mediated
dUTP nick end labeling (TUNEL) using the In Situ Cell Death Detection Kit, POD (Roche-Applied Science, cat#
11684817910). The In Situ Cell Death Detection Kit is designed as a precise, fast and simple, non-radioactive technique to
detect and quantify apoptotic cell death at single cell level in cells and tissues. Apoptotic cells are darkly stained. Images
were viewed and captured by an inverted Nikon TE300 objective microscope equipped with a Spot RT (Diagnostic
Instruments) monochrome camera.

Mechanism of E-induced apoptosis in MCF-7:5C and MCF-7:2A cells. The expression of genes that
regulate apoptotic cell death plays an important role in determining the sensitivity of tumor cells to
chemotherapy and other apoptotic drugs. Up-regulation of the antiapoptotic Bcl-2 family members in tumors
has been associated with drug resistance (14-16). The functional blockade of Bcl-2 or other antiapoptotic
proteins, such as Bcl-xL, could either induce apoptosis in cancer cells or sensitize these cells for chemotherapy
(17-18). Thus, antiapoptotic members of the Bcl-2 family have attracted intensive interest in drug discovery to
develop anew class of anticancer agents.

In order to determine the mechanism of E,-induced apoptosis in MCF-7:5C and MCF-7:2A cells, we performed
microarray analysis on RNA samples isolated from cells treated with ethanol vehicle (control) or 1nM E; for 48
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hours. Each treatment group had 5 replicate samples. Total RNA was isolated using Trizol Reagent (Invitrogen)
followed by cleanup using the RNAeasy mini system (Qiagen) and the data was analyzed by TGen. Table 2:1
shows a list of apoptotic genes that were significantly altered in MCF-7:5C and MCF-7:2A cells following
E2 treatment. In particularly, we found that E; significantly increased the expression of proapoptotic Bax,
Noxa, Bim, GADD45p genes and decreased the expression of antiapoptotic Bcl-2 and Bcl-xI genes. Western
blot analysis were performed to determine whether E2 treatment also increased proapoptotic protein expression
in these cells. Figure 2:22 shows that E, significantly increased the protein levels of proapoptotic Bax in a
time-dependent manner in both MCF-7:5C and MCF-7:2A cells with maximum induction observed at 2 days in
MCF-7:5C cells and 4 days in MCF-7:2A cells, which is consistent with our microarray data (Table 2:1), cell
growth data (Figure 2:20), and our apoptosis assay (Figure 2:21).

Table 2:1. E, up-regulated (red) and down-

regulated ( ) genes 48 hours after E, Gene Function r%E r%ézf‘{
treatment of apoptosis-susceptible MCF-7:5C BAX Proapontotic TZ—Z— Wg—z
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y analysis o out by :
TGen with samples provided by FCCC. The GADD45B Proapoptotic 4.0 3.0
relative ratios of expression are given. BAD Progpoptotlp 2.0 2.5
Microarray data was normalized using Bel-2 Ant!apoptot_lc
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Figure 2:22. Western blot analysis for Bax and Bcl-2 protein expression in MCF-7:5C and MCF-7:2A cells following 1 to 5
days of treatment with ethanol vehicle (control) or 1 nM E,. Equal loading was confirmed by reprobing with an antibody
against B-actin. The blots shown are representative of three independent experiments.

Glutathione Depletion by Buthionine Sulfoximine (BSO) enhances the apoptotic effects of E, in MCF-
7:5C and MCF-7:2A breast cancer cells. Glutathione is the most abundant intracellular thiol, present at
concentration of 0.1 to 10 mmol/L, and serves as a critical cellular antioxidant (19). Glutathione is required for
the maintenance of protein sulfhydryl groups in a reduced state and for resistance to oxidative stress through
detoxification of reactive oxygen species (ROS) (20). Glutathione can detoxify alkylating agents, including
cisplatin, through the formation of glutathione adducts (21-22). It is known that depletion of glutathione by
incubation with buthionine sulfoximine (BSO), a specific inhibitor of y-glutamylcysteine synthetase, increases
the cytotoxicity of alkylating drugs (23). Based on our gene array studies we found that glutathione synthetase
(GSS) and glutathionine peroxidase 2 (GPX2) genes were significantly upregulated in MCF-7:5C and MCF-
7:2A cells compared to parental MCF-7 cells (Figure 2:23). Since GSS and GPX2 are known to regulate
glutathione levels in cells, we examined whether depletion of glutathione by BSO might enhance the apoptotic
effects of E; in MCF-7:5C and MCF-7:2A cells. Figure 2:24 shows that BSO (100 uM) significantly enhanced
the apoptotic effect of E; (1 nM) in both MCF-7:5C and MCF-7:2A cells. In the presence of E, alone,
approximately 80% of MCF-7:5C cells and 30% of MCF-7:2A cells died, however, when combined with BSO,
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100% of MCF-7:5C cells and 75% of MCF-7:2A cells died. It should be noted that BSO by itself did not
significantly inhibit the growth of either cell line.
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The role of Bcl-2 and Bcl-xl in the apoptotic action of E; and BSO in MCF-7:5C and MCF-7:2A cells. It
has been reported that the action of Bcl-2 is related to antioxidant protection against cellular damage (21).
Previous studies have shown that Bcl-2 overexpression raises cellular glutathione levels (22). Since Bcl-2
appears to be an important target of E,-induced apoptosis in MCF-7:5C and MCF-7:2A cells (Figure 2:22), we
examined whether BSO plus E;, synergistically reduced the growth of MCF-7:5C and MCF-7:2A cells by
targeting Bcl-2. Western blot analysis were performed on cells treated with E, alone, BSO alone, or E; + BSO
for 24, 48, and 72 hours and Bcl-2, phosphorylated Bcl-2, and Bcl-xI protein were measured. Figure 2:25
shows that E; + BSO significantly reduced phosphorylated Bcl-2 and Bcl-xI protein in both MCF-7:2A and
MCF-7:5C cells in a time-dependent manner, however, Bcl-2 protein level did not significantly change with the
combination treatment. It will be interesting to see whether suppression of Bcl-2 or Bcl-xlI expression using
small interfering RNA (siRNA) has the ability to enhance the apoptotic effects of E, alone or E; plus BSO.
These experiments are currently being performed in our laboratory.
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Figure 2:25. Western blot analysis for Bcl-2, phosphorylated Bcl-2 (pBcl2) and Bcelxl protein in MCF-7:5C and MCF-7:2A
cells following treatment with E,, BSO or E2 + BSO for the above indicated time points. Equal loading was confirmed by
reprobing with an antibody against Akt. The blots shown are representative of three independent experiments.

In summary, we have developed two estrogen receptor (ER)-positive breast cancer cell lines (MCF-7:5C and
MCF-7:2A) that are resistant to estrogen deprivation but undergoes apoptosis in the presence of physiologic
concentrations of E; in a time-dependent manner. The mechanism of the apoptotic action of E, in MCF-7:5C
and MCF-7:2A appears to involve members of the Bcl-2 apoptotic family of proteins. Interestingly, we found
that the apoptotic action of E, can be significantly enhanced by glutathione depletion using buthionine
sulfoximine (BSO). A possible mechanism for this synergistic action of BSO plus E, might involve suppression
of phosphorylated Bcl-2 and BclxI expression in these cells.

Long-term estrogen deprivation enhances the migratory and invasive potential of breast cancer cells.
Invasion and metastasis are the hallmarks of cancer malignancy and they are the primary cause of patient
mortality during breast cancer progression. Invasion refers to the ability of cancer cells to penetrate through the
membranes that separate them from healthy tissues and blood vessels and metastasis refers to the spreading of
cancer cells to other parts of the body (26). In order for a transformed cell to metastasize, it must first lose
adhesion, penetrate and invade the surrounding extracellular matrix (ECM), enter the vascular system, and
adhere to distant organs (26). These processes require extensive alterations in gene expression profiles,
including the down-regulation of genes involved in cell anchorage and the up-regulation of genes involved in
cell motility and matrix degradation (27-28) CEACAMBG is a glycosylphosphatidylinositol-anchored cell surface
protein that functions as a homotypic intercellular adhesion molecule. It is overexpressed in a number of human
malignancies including pancreatic cancer, gastrointestinal cancer, and breast cancers (29) and increased levels
of CEACAMG is associated with greater in vivo metastatic ability and increased invasiveness and migration (30-
31). Based on our microarray studies, we found that several invasive genes including CEACAM6 was
overexpressed in estrogen-deprived MCF-7:5C and MCF-7:2A cells compared to parental MCF-7 cells. Based
on these observations, we investigated the role of CEACAMG in cellular invasion and migration of long-term
estrogen deprived MCF-7:5C and MCF-7:2A. We found a significant correlation between CEACAMG6
expression and the ability of breast cancer cells to migrate and invade. In particular, we found that CEACAMG6-
overexpressing MCF-7:5C and MCF-7:2A cells were markedly more invasive and migratory than parental
MCF-7 cells. Furthermore, we found that suppression of CEACAMG6 expression using small interfering RNA
(SIRNA) completely reversed the invasive phenotype of MCF-7:5C and MCF-7:2A cells. Future studies will
explore whether CEACAMBG interacts with other invasion genes and whether it affects tumor growth in vivo as
well as metastasis in mice. This work has recently been submitted to Cancer Research (manuscript
number CAN-07-5107) and is under consideration for publication.

A copy of this manuscript is included in the appendix.

Global gene expression profiles associated with acquired resistance to long term estrogen deprivation. To
investigate whether aberrant gene expression patterns contributed to resistance to estrogen deprivation, we
performed microarray analyses on wild-type MCF-7 cells and estrogen-deprived MCF-7:5C and MCF-7:2A
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cells using the Affymetrix Human Genome U133 Plus 2.0 Array. The sample dendogram showed that MCF-
7:2A cells and wild-type MCF-7 cells clustered more closely, whereas MCF-7:5C cells clustered on a more
distant branch, suggesting that MCF-7:2A cells are more similar to the parental MCF-7 cells than MCF-7:5C
cells (Figure 2:26A). A graphical representation of some of the invasive genes overexpressed in estrogen
deprived cells relative to parental MCF-7 cells is shown in Figure 2:26B.

A complete list of differentially expressed genes between each cell line is provided in Supplemental Table 2:2.
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Figure 2:26. Overview of global gene expression patterns in wild-type
MCF-7:WS8 cells and estrogen deprived MCF-7:5C and MCF-7:2A variant
clones. A, unsupervised hierarchical clustering dendogram of 904 genes most
differentially expressed across the three cell lines, and consistently regulated
in replicate expression arrays for each cell line. Each row represents a single
gene. Red, genes with high expression levels; green, genes with low
expression levels. The similarities in the expression pattern among the three
cell lines are presented as a "condition tree™ on the top of the matrix. B, fold
change in expression of invasion genes CEACAM6, CEACAMS/CEA,
MMP-9, CXCR4, and CD44 in estrogen deprived MCF-7:5C and MCF-7:2A
cells compared to parental MCF-7 cells, as identified by microarray gene
analysis.

Estrogen deprivation increases CEACAMG6 expression and enhances migration and invasion of breast
cancer cells. Quantitative real-time PCR was performed on MCF-7, MCF-7:5C and MCF-7:2A cells to verify
CEACAMG expression in these cells. Figure 2:27A shows that CEACAM6 mRNA was upregulated 2-fold in
MCEF-7 cells, 17-fold in MCF-7:5C cells, and 10-fold in MCF-7:2A cells relative to the internal control 18S
rRNA, thus validating the microarray results. Western blot analysis was performed to assess CEACAMG6 protein
expression. Figure 2:27B, CEACAMSG protein was significantly upregulated in MCF-7:5C and MCF-7:2A cells
compared to wild-type MCF-7 cells which expressed minimal levels of the protein. CEACAMS5 (CEA), MMP-
9, CXCR4, and CD44 were also markedly elevated in MCF-7:5C and MCF-7:2A cells compared to MCF-7
cells.

Since the estrogen-deprived cells appeared to overexpress several genes that are linked to metastatic invasion,
we assessed the migratory and invasive potential of these cells. Cell migration was measured using a modified
Boyden chamber assay with 10% SFS as a chemoattractant. As shown in Figure 8C, both MCF-7:5C and MCF-
7:2A cells had the highest numbers of migrating cells compared to MCF-7 cells; a phenotype that correlated
with CEACAMG6 expression. Similar results were obtained when the different cell lines were tested for their
ability to invade through membranes coated with Matrigel. Figure 8D shows that MCF-7:5C and MCF-7:2A
cells had the highest number of invading cells while MCF-7 cells were noninvasive. The overall ability of the
cell lines to migrate and invade was as follows: MCF-7:5C > MCF-7:2A > MCF-7.
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Figure 2:27. CEACAMS6 promotes cell migration and invasion of long-term estrogen deprived breast cancer cells. A,
CEACAMG6 mRNA expression in MCF-7, MCF-7:5C (5C), and MCF-7:2A (2A) cells was determined by quantitative real-
time PCR and normalized to 18S rRNA level. Error bars indicate SE. p values for comparisons are indicated. B, Western
blot analysis of CEACAMG6 and other invasion proteins in wild-type MCF-7 cells and estrogen-deprived MCF-7:5C and
MCF-7:2A cells. C, the migration and invasiveness of estrogen-deprived breast cancer cells was compared with parental
MCF-7 cells. For quantification of cells migrating across Transwell filters, cells were seeded onto the migration chamber (1
x 10* per chamber). After 24 h, chambers were stained and counted for migrated cells. Columns, average number of cells

SiRNA mediated CEACAMG6 knockdown inhibits invasion and migration of MCF-7:5C cells. To test the
hypothesis that CEACAMBG is required for cell migration and invasion, we used siRNA to suppress CEACAM6
expression in MCF-7:5C cells. These cells were used because they expressed the highest level of CEACAM6
and were the most invasive. MCF-7:5C cells were transfected with CEACAMBG6-specific or control siRNA and
Western blot analysis was performed 48 hours following siRNA exposure. Figure 2:28A shows that
CEACAMG protein was significantly suppressed in MCF-7:5C cells transfected with the CEACAM®6-specific
SiRNA but not the control siRNA. Suppression of CEACAMG6 expression by CEACAMG6-specific SIRNA was
also confirmed at the transcript level using quantitative real-time PCR at 48 hours following transfection
(Figure 2:28B). To clarify the role of CEACAMSG6 siRNA in cell invasion, MCF-7:5C cells were pretreated with
CEACAMG6 siRNA or control siRNA for 48 hours and invasiveness was measured over the subsequent 48
hours. Figure 2:28C shows that CEACAMG6 siRNA almost completely reversed the invasiveness of MCF-7:5C
cells whereas control siRNA did not affect cell invasion. The invasiveness of MCF-7:5C cells was inhibited by
nearly 80% when CEACAMG6 expression was suppressed. A similar trend was observed for cell migration (data
not shown). Suppression of CEACAMSG, however, did not alter the growth of MCF-7:5C cells. These results
demonstrate that CEACAMBG6 expression is an important determinor of cell migration and invasion in estrogen-
deprived breast cancer cells and therefore, modulation of CEACAMG6 expression may be a potential therapeutic
target for metastatic breast cancer.
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Figure 2:28. CEACAMES is critical for invasion of estrogen deprived MCF-7:5C breast cancer cells. A, siRNA-mediated gene
knockdown of CEACAMBG in MCF-7:5C invasive breast cancer cells. Immunoblot analysis of MCF-7:5C cells transfected
with siRNA against CEACAMS, siCEACAMSG6, and scrambled sequence control siRNA, siControl for 48 hours. Cell lysates
were probed for CEACAMG6 with the corresponding antibody and B-actin, as loading control. B, relative amounts of
CEACAMG6 mRNA expression normalized to 18S rRNA level was quantified in transfected cells by quantitative real-time
PCR. Error bars indicate SE. *p<.0001. C, matrigel invasion assay of siControl and siCEACAMG6-transfected MCF-7:5C cells.
Transfected cells were seeded onto the invasion chamber (1 x 10* per chamber). After 48 h, cells that invaded through the
Matrigel-coated transwells were fixed, stained, and photographed; each panel represents an example of three replicates.
Columns, average number of cells invading per 10 microscope fields. Error bars indicate SE. *p<.0001.

Task 3. To deciper cellular signaling pathways using proteomics.

The SPECIFIC AIMS of the GU site within the COE are:

- To identify protein signatures that are hallmarks of estrogen induced apoptosis in breast cancer cells. Cell lines
in which estrogen is a survival factor will be used for comparison.

- To validate the subcellular map of survival after melding data from Tasks 2, 3 and 4 and to deliver a single
database of pathways for survival and apoptosis constructed by integrating gene array and proteomic data.

Here we report work completed at the GU site during year 1 of this COE. The report is divided into three
sections that reflect the contribution of different components (Fig. 3:1):

1. Proteomics MS analysis. We report on E2 effects in MCF-7 vs. MCF-7:5C .

2. Analysis of protein gels. We report on the analysis of gel images.

3. Pathway analysis. We report on data integration and pathway analysis.
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Figure 3:1: Flow of samples and analytical data within the GU site (1, 2 and 3) and integration with the
overall COE. The three components of the GU site of the COE as well as the interface with the national COE
center at FCCC are depicted. NOTE: This report is organized along the three components of the GU COE
site.

1. Proteomics MS analysis. Mass spectrometry (MS) analysis of the proteome from E2 treated MCF-7
(growth) versus MCF-7:5C cells (apoptosis) after fractionation by immunoprecipitations (IP).

Cells and culture conditions. As proposed, we initiated proteome analyses of MCF-7:5C cells that undergo
apoptosis in response to E2 and compared this to MCF-7 (WT) that grow in response to E2. MCF-7 and MCF-
7:5C cells were plated in 150 mm tissue culture dishes (each 150 mm dish yielded between 1-2 milligrams of
total protein) and allowed to attach. Cells were then treated or not with estradiol for different times followed by
lysis in NP40 lysis buffer. As our primary fractionation of the proteome of these cells to capture signaling
complex subsets of proteins, we had proposed to use immunoprecipitation (IP) of signaling proteins from
sample aliquots. These targets were the ER coactivator AIB1 to isolate proteins participating in the AIB1
signaling complex. In a separate series, IP for tyrosine phosphorylated proteins was proposed to isolate
signaling complexes that contain tyrosine phosphoproteins. With these methods we capture distinct subsets of
the signaling proteome. 2D gel electrophoresis of samples as a secondary fractionation was also initiated to
evaluate whether major proteins might be altered.

Immunoprecipitations. For the primary analysis by immunoprecipitation, protein lysates were subjected to
immunoprecipitation using gamma-bind G-Sepharose beads and an AIB1 monoclonal antibody we have
evaluated before or a anti-phosphotyrosine monoclonal antibody (4G-10). The amount of protein extracts per
set of experimental conditions were between 4 and 15 mg across a series of experiments. Some cell pellets were
generated at the GU site, some were generated at the FCCC site to maximize the amount of material for the
analyses. Examples for each are shown in Figs. 3:2, 3:3 & 3:4.

Gel electrophoresis. After extraction, samples were subjected to immunoprecipiation using the antibodies
described above. The immunoprecipitated proteins were separated by denaturing SDS-PAGE on 4-12% Nu-
PAGE gels (Invitrogen). After electrophoresis, gels were then stained with colloidal blue overnight then
washed with ddH,0 overnight to reduce background staining. Fig. 3:2, 3:3 and 3:4 show examples.

Analysis of gels for distinctly regulated proteins. The stained gels were imaged using a color scanner. These
images were magnified and analyzed visually on a screen. They were also submitted as tiff files for storage,
image and statistical analysis described below under the section “2. Analysis of protein gels”. From the latter
analysis, a refined profile and quantitation of bands is obtained that guides selection of proteins from the gels.In
brief, segments of the gels containing unique protein bands were identified by careful visual inspection and
comparison of treatment sets (across and within cell lines). The statistical gel analysis allows for a quantitative
(area under the curve) and qualitative (position of the bands plus identity of proteins from the MS — see below)
Cross-comparison across numerous gels.
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Isolation of distinctly regulated proteins. After identification bands were cut from the gels and great care was
taken to isolate the same segment of all lanes from the different treatments. Fig. 3:2 and 3:3 indicate the cut
segments as recangular boxes. A quantitative as well as qualitative read-out from the MS sequence analysis of
proteins contained in each slice. As a general rule, more abundant proteins will show up in the MS analysis de
novo of only one lane or will show a greater coverage by individual peptides assigned to the respective protein
in a cross-lane comparison. This information was also cross-referenced with the data from the data obtained
under “2. Analysis of protein gels”.

Mass spectrometry analysis of isolated proteins. Gel slices were subjected to tryptic digest and the digests
run using MS and MS/MS. Figure 3:2 shows an example of a colloidal blue-stained gel with the segments cut
for analysis indicated by the boxed areas.

Proteins in the MS or MS/MS analysis were identified using the Mascot search engine database that integrates
mass spectrometer readings and protein sequence analysis.

Uploading of data to PIR for iProXpress analysis. The protein lists from the MS analysis was provided for
further pathway analysis as spreadsheet and subjected to the iProXpress analysis. This is described below under
“3. Pathway analysis”. In addition to the spreadsheets dervied from the Mascot search, raw MS data of peptide
masses were uploaded to the PIR site. From an analysis of the latter the Mascot search can be verified and
peptide modifications due to posttranslational modifications revealed. Obviously, this analysis requires the raw
data and extensive exchange of information between the lab and PIR as indicated by the two-way arrows in the
flow diagram of Fig. 3:1.

MCF-7 MCF-7:5C MCF-7 MCF-7:5C
E2 (2 hrs): - - + +
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Figure 3:2. Example of a colloidal-blue stained protein gel after IP anti-pY. MCF-7 and MCF-7:5C cells
were treated or not with E2 for 2 hours, proteins extracted and immunoprecipitated with an anti-
phosphotyrosine antibody. Proteins separated by SDS-PAGE were stained and slices cut from the gel for each
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segment that showed at least one distinctly regulated protein. The slice # is indicated ( 1 — 10). Also the
molecular mass of the marker proteins is shown ( 10 — 250 kDa )
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Figure 3:3. Example of a colloidal-blue stained protein gels after IP anti-pY. MCF-7 (left) and MCF-7:5C
cells (right) were treated or not with E2 for 24, 48 and 72 hours. Proteins extracted and immunoprecipitated
were separated by SDS-PAGE stained and slices cut from the gel for each segment that showed at least one
distinctly regulated protein. Details in Fig. 3:2 (above).

In addition to the anti-pY IPs, we also ran IPs for AIB1. An example is shown in Fig. 3:4 (next section). High-
resolution gel images will be posted at the COE website. Results from the experiments are discussed under
section “3. Pathway analysis”

Overall, six separate experiments were run (3 repeats for IP anti-pY and 3 for anti-AIB1). Each experiment
contained a head-to-head comparison of MCF-7:5C and MCF-7 without and with E2 treatment. So far 264 gel
slices were cut from the gels based on differential stainings of proteins in the cross-comparisons. Fig. 3:2 and
3:3 provide some illustration from 2 of the experiments. Table 3:1 summarizes the experimental approach and
numbers of gel slices harvested. The gel slices harvested were subjected to tryptic digests and MS/MS analysis
of the eluates from the slices. One additional sample set is currently being processed by gel electrophoresis and
sample capturing. We will have close to 300 gel slices processed by the end of year 1.

Typically, each of the gel slices with a visible protein stain will contain as many as 10 distinct proteins that are
detectable by MS sequencing. Some of the gel slices will contain less detectable proteins or less amounts of
given proteins. They serve as negative controls.

# of gel slices
Cell Lines compared IP harvested
MCF-7, MCF-7:5C pY 24 (12/1ane)
MCF-7, MCF-7:5C pY 40 (10/lane)
MCF-7, MCF-7:5C AlB1 52 (13/lane)
MCF-7, MCF-7:5C AlB1 48 (12/lane)
MCF-7, MCF-7:5C pY 120 (10/lane)
MCF-7, MCF-7:5C AIB1 ongoing

Table 3:1. Overview of cell line comparisons by proteomics. The different IP approaches and number (#) of
distinct bands cut for MS analysis is shown. Fig. 3:2 and 3:3 depict the approach (rectangular boxes indicate
the area of gels cut for analysis).
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Conclusions.

- We have successfully generated proteomics data from MCF-7 and MCF-7:5C cells under conditions of E2
induced growth or apoptosis respectively. Signaling complexes were isolated by immunoprecipitation (IP) with
anti-pY and anti-AIB1 antibodies.

- By the end of year 1 we have isolated differentially regulated proteins in approximately 300 gel slices
harvested from gel electrophoresis of the experimental samples. These are continuously analyzed by mass
spectrometry and protein sequencing.

- We found that 24 hours after E2 treatment apoptosis is fully initiated as measured by the proteomics analysis.
We thus expanded the analysis to earlier time points (2 hours) to identify the “trigger point” of signal initiation
after E2.

- We found distinct proteomics signatures after 2 hours of E2 in both MCF-7 and MCF-7:5C that were apparent
after IP with anti-pY and anti-AlIB1 antibodies.

2. Analysis of protein gels.

Here we report on the analysis of multidimensional gel images developed to compare across experiments and
support the isolation and quantitation of proteins subjected to MS.

As proposed in the COE, the Bioinformatics group worked on data-analytical methodologies for one-
dimensional and two-dimensional gels. Fig. 3:4 shows a gel containing 4 lanes with samples and a slane with
mass standards (left-most). To extract information from each lane, we consider rectangular regions (indicated in
Fig. 3:4) and calculate the median for each row in this region. This results in four spectra, one for each lane
(Fig. 3:5).
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Figure 3:4. TIFF image of a colloidal-blue stained gel. This data set is from an IP anti-AIB1 experiment. The
left-most lane contains the molecular mass standard proteins. The four experimental lanes have the same
arrangement as in Fig. 3. Lane 1 = MCF-7 (-)E2, lane 2 = MCF-7:5C (-)E2,lane 3 = MCF-7 (+)E2 ; lane 4 =
MCF-7:5C (+)E2. The TIFF image was provided by the proteomics laboratory (see section 1) via an upload of a
high-density image to the COE at the GU Biostats server. The schematic rectangular region around the first lane
shows an example used in the analysis shown in Fig. 3:5 and resulted in the spectrum indicated by the blue line.

We compared these data by superimposing them, and found that there are differences of experimental,
biological, and geometric nature. The influence of the latter can be reduced by aligning the sequences' peaks.
This is done by selecting markers (the reference peaks) on one of the samples and by using Matlab to align the
corresponding peaks in the other bands. This is achieved by maximizing the cross-correlation between the
spectra and the so-called synthetic spectrum. The results are shown in Figures 3:5 and 3:6. The spectra are
aligned using the MSALIGN routine in Matlab's bioinformatics toolbox.
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The alignment reveals that some regions that appeared to contain differently positioned peaks, i.e. proteins of
different apparent mass now collapse to peaks with the same position but different amounts. This can be
appreciated from a visual inspection of the region around 680 M/Z in Fig. 5 versus Fig. 6 by comparing the
green vs blue and red spectrum with distinct peaks. After the alignment the green, blue and red peaks that
appeared to run at a distinct position and apparent molecular mass actually run at the same position after
alignment with the markers. However, the abundance of the respective protein(s) will be different based on the
amount of staining by colloidal blue.
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Figure 3:5. Raw data of spectra superimposed with selected markers. These data are derived from the

protein gel in Fig.3:4.
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Figure 3:6. Aligned spectra using the selected markers (see Fig. 3:5). These data are derived from the
protein gel in Fig. 3:4.
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We developed a novel analytical pipeline for 2D-PAGE images. Classical approaches segment images to obtain
spot locations. Images are then aligned and spots are matched. The bottleneck and weakness of these
approaches are mainly in the spot-matching step. It is time consuming, and it is generally recognized that the
fewer and fewer spots can be efficiently matched as the number of gels increases. The validity of the spot
detection algorithm depends on user-selected thresholds, which are determined by trial and error. To avoid the
spot matching step, and base our inferences on mathematically and statistically sound methods, we have
developed a novel approach that is summarized in Figure 3:7. Its main feature is that, by working with
summaries of the images, it bypasses spot detection.

Original Gel Image

V™ Image Cleaning

Gel Alignment

\/
Wavelet Coefficients

y Selection
Linear Model

Y
Significance Tests

y FDR Control and Estimation

Update Coefficient Sequences

\i

Inverse Transform

Y
Differential Expression - Biological Relevance

Figure 3:7. Flow diagram for analysis of 2D gel images.

“Gel cleaning” proceeds by first smoothing the images (using a level 1 wavelet approximation), removing
spikes (by second-difference smoothing), and removing streaks and background (using a gradient method). For
the latter, we take advantage of the gradient characteristics of spots and streaks. The algorithm consists of the
following steps: (i) image enhancement via a power function (to safeguard faint spots), (ii) image segmentation
with the watershed algorithm (to create regions containing at most one object), (iii) region classification based
on gradients and other features (to remove regions not containing a spot), (iv) gradient thresholding (based on a
value obtained from a regression model) and (v) spot filling.

For step (iii), the Classification and Regression Tree algorithm is used to classify regions as spot containing or
not on the basis of regional attributes. These regional attributes include the intensity integrated over the region,
the area, the ratio of the area to that of smallest rectangle containing the region, and the range, mean, median
and standard deviation for the intensity for the horizontal first-order partial derivative, for the horizontal
second-order partial derivative, for the vertical first-order partial derivative, for the vertical second-order partial
derivative and for the horizontal followed by vertical second-order partial derivative. In addition, we compute,
for each region, the Hellinger distances between various probability density functions (p.d.f.) and the uniform
p.d.f. The p.d.f.'s we consider are those for: the original intensity, the first-order horizontal and vertical partial
derivatives, the second-order horizontal and vertical partial derivatives.
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For regions containing a spot, the optimal thresholds for the gradients are obtained via multiple regression
analyses. The independent variables are the regional attributes listed above. Each spot is segmented using the
corresponding estimated threshold. The thresholded images are then aligned and analyzed for differential
expression.

To align gels, we set the problem into a quadratic-programming framework, and have recourse to an interior-
point method, a state-of-the-art mathematical optimization technique to solve it. We select a few landmarks on
each gel, and estimate cubic-spline transformations describing changes between corresponding landmarks. We
impose restrictions on the transformed points not be too far away from the true location and on the
transformation to be as close as possible to the identity transformation. We thus construct the objective function
that is a sum of curvature of the transformation, distance of the transformation to the identity transformation,
and the distance between the original and transformed gels. Minimizing the objective function is subject to
inequality constraints: the set of inequalities describing the difference between landmarks and their
transformations, difference between ideal landmarks and corresponding geometric centers, and rigidness of the
transformations. The quadratic optimization problem thus constructed is solved using the interior-point method
software MOSEK (see Fig. 3:8 for an illustration).

Figure 3:8. Superimposed gels before alignment (left) and after alignment (right).

Building model for each pixel is a formidable task. We therefore cast the statistical analysis of differential
expression in the wavelet domain. For each wavelet coefficient, we consider a model such as the ANOVA
model described above. As before, for small sample sizes, we also consider the LPE and empirical Bayes
approaches. Again, to account for multiple testing, we control the false-discovery rate. We then reconstruct the
images with the significant coefficients, only. These reconstructions only feature the locations of differentially
expressed proteins. Finally, to confirm our inferences, we perform a statistical analysis on the actual volumes of
the protein that are associated with statistically significant wavelet coefficients.

Conclusion:

- We have established a protocol for uploading and feed-back of gel analyses with the proteomics laboratory
(see Fig. 1, two-way arrows between 1 and 2)

- We have establishd a quantitative analysis of the gel profiles to evaluate differences amongst gels and allow
for cross-comparisons.

- We have established a refined analysis of 2D gels.

These tools are applied to the selection of proteins for MS analysis and for protein quantitation in selected gel
slices.
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3. Pathway analysis.

The integration of the data management at GU and the connection to the national site of the COE at FCCC is
illustrated in Figure 3:1 at the beginning of this report. Below, we summarize, in an overview, the steps taken
to populate the data base and drive the analyses. Also, we show the analysis of two distinct data sets. The
detailed data and experimental conditions are posted on the password-protected website that is constantly
updated with raw data and analyses.

COE proteomic and gene expression data integration and analysis:

COE large scale data:

Proteomic (GU)

Gene array (TGen)

SiRNA (TGen)

Sample tracking (FCCC)

COE Data integration

Common sample type (sample tracking)

Common data element (gene, protein, antibody, SiRNA)

ID mapping to UniProtKB ID (siRNA as a special case)

Each siRNA in the library is associated with its intended targeted gene (gene 1Ds); this gene id will then be

mapped to UniProtKB protein ID.

= Cell phenotypes induced by the sSiRNA can be part of the NOTE field in the iProXpress system, or as a
separate column with links to the original data sets..

e COE integrated database (Master Data Directory)
Design: Primary protein 1D, experimental data groupings, notes for samples and experimental conditions; o
ther information matrices;

e Functional analysis — iProXpress proteomic system

o0 Protein information matrix; pathway data

o Enhancement plan (separate document)

" O00® OO0OO0OO0O -

Preliminary analyses of two proteomic data sets:

3.1. Antibody array of MCF-7 and derivative cells lines with or without estrogen treatment (written report
posted on the COE-wiki site; see below)

3.2. 1D-Gel/MS study of IP-pY and IP-AIB1 on MCF-7 and derivative cells. The figure below illustrates how
1D-MS proteomic data is analyzed using iProXpress.

3.1. Antibody array. Data and pathway analysis via iProXpress.

For the first application of the data integration and analysis system of this COE a data set from an antibody
array survey of 389 defined signaling proteins (“Powerblot system”) generated before the establishment of the
COE was used. MCF-7:5C cells that respond to E2 by apoptosis were compared to wild-type MCF-7 cells that
respond to E2 by initiating growth (wild-type MCF-7) MCF-7 cells selected in the presence of an ER antagonist
(ICI) to grow independent of E2 (MCF-7/ICI) were used as an additional model. Extracts from cells grown for
24 hours under conditions outlined in Fig. 3:9 were subjected to the analysis. This data set was provided by the
FCCC site and had been generated during the preparation of the COE. We subjected the data to the iProXpress
analysis to initiate the population of the data bank and evaluate the protocols for uploading of data as well as
sample or experimental ID. The data are available [password protected] at:

http://pir.georgetown.edu/iproxpress/ .
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The original data sets were separated into 6 groups of cell lines and/or treatments:

MCF-7 MCF-7 MCE-7 MCF-7.5C MCF-7:5C MCEF-7/ICI

DO ©0 O

+E; No E; +E, +ICI +E; No E; No ER
(full growth) (no growth) (block growth)  (Cell Death) (max growth) (hormone-
independent max
growth)

Figure 3:9: MCF-7 cells and treatments used in the initial iProXpress analysis of an antibody array
survey (“Powerblot™). The different MCF-7 cell lines were subjected to treatments indicated (24 hrs), and cell
extracts analyzed by an antibody array.

The data from the experiment in Fig. 3:9 yields 15 possible comparisons amongst the 6 groups and these 15
comparisons were further divided into increase (+) or decrease (-) for each parameter, i.e. a total of 30 sets. The
comparisons are shown in Table 3:2.

WT-E vs WT+E () 5C-E vs WT-E (-) WT+E+I vs SC+E (-) ICI vs SC+E (-)
WT-E vs WT+E (+) 5C-E vs WT-E (+) WT+E+ vs 5C+E (+) ICI vs 5C+E (+)
SC+E vs WT+HE (-) SC-E vs SCHE (-) WT+E+ vs SC-E (-) ICIvs SC-E (-)
5C+E vs WT+E (+) 5C-E vs SC+E (+) WT+E+ vs 5C-E (+) ICI vs 5C-E (+)
5C+E vs WT-E (-) WT+E+ v WT+E (-) ICI vs WT+E (-) ICI vs WT+E+I (-)
5C+E vs WT-E (+) WT+E+l v WT+E (+) ICI vs WT+E (+) ICI vs WT+E+] (+)
5C-E vs WT+E (-) WT+E+I vs WT-E (-) ICI vs WT-E (-)

5C-E vs WT+E (+) WT+E+ vs WT-E (+) ICI vs WT-E (+)

Table 3:2: Group comparisons derived from the experiments under Figure 3:10. In each set, protein levels
in the first experimental condition or cell line relative to the second condition or cell line are compared and
grouped for a decrease or an increase (e.g. WT-E vs WT+E (-), or WT-E vs. WT+E (+)) are decreased (minus)
or increased (plus) for the respective protein. Protein profiles for each data set can thus be browsed and cross-
compared.

Results of the analysis

General observations: There were a total 389 UniProtKB protein entries mapped in the data sets. Protein
profiles were generated for each of the 30 data sets, cross-data set comparison made based on the functional
categories (GOs and KEGG pathway) and the results provided in the iProXpress system. Preliminary
examination of the functional profiling identified several interesting functional changes from the data, which
may be relevant to the study and can thus be further investigated.

DNA replication (G0O:0006260) proteins are consistently decreased in WT-E, 5C+E and WT+E+I cells
relative to WT+E cells. For example, in the WT-E vs WT+E (-) set, protein levels of proliferating cell nuclear
antigen (PCNA) [P12004], DNA mismatch repair protein Msh2 [P43246], and DNA polymerase delta
catalytic subunit [P28340] are decreased. Similarly in WT+E+I (E2 blocked) compared to 5C-E (no E2 with
max growth), four DNA replication related proteins are also decreased. In contrast, three such proteins are
increased in chronic ICI treated cells (grow independent of E2) relative to 5C+E (E2-induced cell death).
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Cell cycle (GO:0007049) is another interesting category, where in 5C+E, 5C-E and ICI cells relative to WT+E,
significantly more proteins of this category are decreased than those that are increased (e.g. in 5C+E vs WT+E
sets, 10 proteins are increased and 3 decreased).

An interesting observation are the changes of proteins in the category of cell death (GO:0008219) in 5C+E and
5C-E cells. There are 7-9 cell death related proteins that are decreased in 5C+E and 5C-E cells relative to the
WT+E cell, while only one such protein is increased in both cases. Some detailed analyses will be required to
confirm and to interpret such changes.

Summary of the antibody array analysis

For pathway profiles, cell cycle (KEGG PATH:hsa04110) represents the most prevalent one (13 proteins)
among this data set. It is interesting to note that depending on the data set, cell cycle protein may increase or
decrease, or even in the same cells, some cell cycle protein may increase while others may decrease (e.g. in 5C-
E vs WT-E sets). It is conceivable that depending on the location in a pathway, proteins could be changed in
different directions because different pathways may intersect each other (pathways converge and diverge). In
this case, superimposing proteins onto the pathway map to visualize the protein changes will facilitate the
analysis.

3.2. Pathway analysis using 1D-Gel/MS study.

Mass spectrometry data from immunoprecipitations (IP) IP-pY and IP-AIB1 of MCF-7 and derivative cell
extracts were provided by the proteomics laboratory (see section 1 for details). Figure 3:10 (below) illustrates
how 1D-MS proteomic data is analyzed using iProXpress.

Example data groupings:
MS1AIB1_A, B, C, D: MS protein identification from AIB1 Ab

Immunoprecipitation-1D gel for lanes A-D, e.g. C for E2 treated
MCF-7 cells and D for E2 treated MCF-7:5C cells.

o

MS2AIB1_A, B, C, D- M5/MS protein identification from AlIB1 Ab
Immunoprecipitation- 10 gel for lanes A-D, e g. C for E2 treated
MCF-7 cells and D for E2 treated MCF-7-5C cells.
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Figure 3:10. Proteomic data presentation and analysis in iProXpress. The different information sets
included with the data in iProXpress are shown.
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From the initial series of IppY and IP-AIBL1 a total of 20 groups of data sets with 730 proteins were obtained in
an unbiased analysis. 116 of these proteins were identified with over 90% C.1.

From that data set proteins differently regulated in the cell death group are 15 and in the proliferation group
8. Further analyses are posted on the COE website as the analysis progresses.

Verification of proteins and possible posttranslational modifications. Also, the original peptide mass data
are uploaded and analyzed to cross-check protein ID and to discover potential posttranslational modifications.
This analysis is ongoing.

Conclusions:

- We have implemented and utilized the data integration and pathway analysis with data generated under this
COE.

- The iProXpress system platform allows for the compilation of multidimensional data sets from diverse
experiments and experimental design and is integrated with the pathway analysis.

- With the continuous addition of data sets generated under the COE (protein, mRNA and RNAIi) we will
obtain a refined identification of pathways that control estrogen-induced apoptosis.

Task 4: To analyze E2-induced survival and apoptotic pathways using gene array and siRNAs

Overarching scheme of experiments in this task: Array-based expression profiling of all in vitro and in vivo
models generated under Task 2 will be employed to identify genes and pathways associated with survival and
apoptosis mechanisms.

Task 4a. Catalogue the transcriptional response using array-based expression profiling. Preliminary
analysis of gene expression data from naive MCF-7 and its long-term E2-deprived derivative MCF7:5C
following 48 h Ez treatment in vitro identified functional pathways with co-ordinately regulated sets of genes
likely playing a role in a distinct mechanism of E2-mediated apoptosis. We will build on these initial successful
analyses by transcriptionally profiling all breast cancer cell culture models and their xenograft derivatives as
outlined in Task 2. In year 1, samples from a time course of E2 treatment for MCF-7 and MCF-7:5C cells in
vitro and from MCF-7:5C xenograft material will be sent to TGen for expression profiling using Human
Genome U133 Plus 2.0 Arrays (Affymetrix).

Task 4b. Identify regulatory networks for pathways indicative of differential responses to E2. Gene-gene
regulatory networks influenced by Ez in each laboratory model will be investigated as modules as outlined in
Task 2 (FCCC).

Task 4c. Interrogate pathways of endocrine resistance using high throughput RNA interference (HT-
RNAI)

WORK ACCOMPLISHED - Task 4a

1). Gene expression Profiling and analysis of endocrine resistant xenograft tumor models.
2). Gene expression Analysis of in vitro cell line models of endocrine resistance.
3). Integration of array-based comparative genomic hybridization (aCGH).

1. Gene expression Profiling and analysis of endocrine resistant xenograft tumor models.

Gene expression profiling from xenograft material derived from endocrine resistant models has now been
completed on two commercially available expression array platforms, Affymetrics Human U133 Plus2.0 arrays,
and Agilent 22k Human 1A (V2) Oligo Microarrays. A summary of arrays performed is listed in Table 4:1.
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Xenograft treatment Affymetrics Facility Agilent Facility Analysis
MCF7:E2 no ligand yes NwWU Yes Tgen TGen
MCF7:E2 Estrogen yes NWU Yes Tgen TGen
MCF7:RAL1 no lignad yes TGen Yes Tgen TGen
MCF7:RAL1 Raloxifene yes TGen Yes Tgen TGen
MCF7:RAL2 no ligand yes NWU Yes Tgen TGen
MCF7:RAL2 Raloxifene yes NWU Yes Tgen TGen
MCF7:TAM2 no ligand yes TGen Yes Tgen TGen
MCF7:TAM2 Tamoxifen yes TGen Yes Tgen TGen
MCF7:5C no ligand yes NWU Yes Tgen TGen
MCF7:5C Estrogen yes NWU Yes Tgen TGen
Total arrays: 56 21

Table 4:1 Summary of Gene expression arrays performed on xenograft tumor models

Affymetrics Arrays were performed by Northwestern University (NWU) microarray core facility and remaining
hybridizations by TGen. 4 separate tumors pertaining to each tumor model were hybridized to Affymetrics
arrays, while two replicates for each were hybridized to Agilent gene expression arrays. Specific RNA samples
arrayed on each platform have been fully tracked for cross comparative purposes.

Unexpected variable quality was identified for a significant number of the Affymetrics hybridizations
performed by the Northwestern microarray core Facility. This appeared to be due to DNA contamination of the
RNA preparations from xenograft material. RNAs from xenograft material were re-extracted at TGen for the
sub-optimal Affymetrics experiments and gene expression profiling on the Affymetrics platform was repeated.
Replacement hybridizations for TAM2 and RAL1 tumor samples were used for subsequent data analysis. From
previous experience at TGen, the Agilent expression array platform has traditionally outperformed Affymetrics-
based expression analyses. At least two representative RNA samples form all tumor models were therefore
labeled and hybridized to Agilent 22k Human 1A (V2) Oligo Microarrays for comparative analysis with the
Affymetrics data. To determine which array dataset was optimal for analysis, a selection of genes whose
transcripts are known to be highly regulated in this series of tumor models were amplified in the Jordan
laboratory from the same RNA samples used for the microarray data, and their relative expression levels were
compared to the Agilent and Affymetrics data readout. The data from the Agilent expression arrays was found
to be more representative of the real time PCR expression data. Consequently, a decision was made by TGen
and the FCCC to continue formal analysis with the Agilent dataset and to use the corresponding tumor profiling
data generated on the Affymetrics platform as a validation series. Importantly, the relationship between tumor
profiles for each model were found to be consistent in both platforms. As an example of cross-validation
between the Affymetrics and Agilent platform, the mRNA expression of ERa is shown in Figure 4:1.
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Figure 4:1. ERa mRNA Expression in MCF-7-based Tumor Models by Microarray Analysis.

41



Global comparative analysis of endocrine-resistant tumor models

Analysis of genes that are differentially expressed between MCF-7/E2 and the MCF-7/RAL1, MCF-7/RAL2,
MCF-7/TAM2 and MCF-7/5C xenograft tumor models are currently being performed.

490 Genes Showing Highly Deviating Expression Among the Resistant Tumor Models

MCF-7/TAM2 vs. MCF-7/E2

MCF-7/RAL1 vs. MCF-7/E2

MCF-7/RAL2 vs. MCF-7/E2

MCF-7/5C vs. MCF-7/E2

650 Genes Showing Highly Similar Expression Among Both the Phase | and Il -resistant Tumor Models
MCF-7/RAL1 vs. MCF-7/E2

MCF-7/TAM2 vs. MCF-7/E2

| IMCF-7/RAL2 vs. MCF-7/E2

MCF-7/5C vs. MCF-7/E2

453 Genes Showing Highly Similar Expression Selectively in the Phase |l -resistant Tumor Models
MCF-7/RAL2 vs. MCF-7/E2

MCF-7/TAM2 vs. MCF-7/E2

MCF-7/5C vs. MCF-7/E2

MCF-7/RAL1 vs. MCF-7/E2

Figure 4:2. Hierarchical clustering of genes showing at least a 2-fold change in expression in the resistant
tumor models compared to wild-type MCF-7/E2 tumors in the Agilent gene expression microarray
dataset. The common reference for each hybridization was MCF7:E2 with estrogen. SERM-resistant models
are with corresponding SERM ligand. MCF75C cells were without ligand (All RNAs prepared from
exponentially growing tumor xenografts). Filtering the dataset using a standard deviation of >0.4 between tumor
types reveals an overall relationship between endocrine-resistant tumor models.

We have identified overlapping and unique patterns of gene expression for each xenograft tumor model relative
to MCF7:E2 (Figure 4:2). A similar sample dendogram was derived form the Affymetrics dataset, although the
replicate hybridization standard deviation was substantially higher (not shown).

MCF-7/5C cells grown in the absence of estrogen appear to be more related to the MCF-7/RAL2 model grown
in the presence of raloxifene. The MCF-7/RAL1 and MCF-7/TAM2 models are distinctive on the sample
dendogram. Interestingly, we observed a small number of genes that are uniquely characteristic to each tumor
model grown in the presence of ligand (or no ligand in the case of MCF-7/5C) relative to MCF-7/E2 (Figure
4:2). For example, MCF-7/RALL1 cells have unique downregulation of the BRCAL1 gene; MCF-7/RAL2 cells
have unique upregulation of ARF1 (ADP-ribosylation Factor 1, a member of the RAS family of small guanine
nucleotide binding proteins. MCF-7/TAM2 cells have strong upregulation of SSX1, SSX3, SSX6 and SSX7,
(Synovial sarcoma, x breakpoint proteins). Interestingly, these highly homologous proteins are capable of
eliciting spontaneously humoral and cellular immune responses in cancer patients, and are potential useful
targets in cancer vaccine-based immunotherapy.
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Figure 4:3. Number of genes uniquely regulated in each endocrine resistant tumor model relative to
MCF-7/E2. Genes that were differentially expressed in each tumor model relative to MCF-7/E2 up or down
greater than two fold, and not in any other tumor model are plotted. To find potential pathways for mechanistic
evaluation that may be involved in the etiology of each resistant tumor model, gene ontology analysis using the
Meta Core Gene Go application was employed. The 2-fold changes in gene expression in each resistant model
compared to the wild-type MCF-7/E2 tumors were used in the gene ontology analysis. Lists of the most
significant gene ontologies for these particular comparisons are listed in Tables 4:2-4:5. Involvement of the
small GTPase CDC42 pathway was indicated by the most significant p-value in the MCF-7/RAL1 (Table 4:2),
MCF-7/TAM2 (Table 4:4), and MCF-7/5C models (Table 4:5), while focal adhesion kinase (FAK) signaling
was likewise indicated in the MCF-7/RAL2 model (Table 4:3).
Folder | Map Cell process p-  Genes

Valu
e

CDC42 in cellularjsmall GTPase mediated signal transduction 4.49E[39

processes -10

Role of Nek in cell cycle|protein kinase cascade, cell cycle 2.64E|22 |55

regulation -04

BRCA1 as transcriptionfcell cycle, transcription 5.51E[14 (30

regulator .04

Gap junctions cell adhesion 1.07E|19 149
-03

Keratin filaments cell adhesion 1.69E(18 |47
-03

Endothelial cell contacts byjcell adhesion 1.77E|16 140

non-junctional mechanisms -03

Cytoskeleton remodeling  [cell adhesion 3.33E49 (177
-03

RACL in cellular process  [small GTPase mediated signal transduction 3.38E|14 |35
-03

Plasmin signaling cell adhesion 4.52E(17 |47
-03

Integrin outside-in signaling [cell adhesion 5.26E|25 |79
-03

Role of tetraspanins in thelcell adhesion 6.19E|19 [56

integrin-mediated cell -03

adhesion

Reverse signalling by ephrinfcell adhesion 6.20E|26 (84

B -03

Chemokines and adhesion |cytokine and chemokine mediated signaling|7.30E}42 [153

pathway, cell adhesion -03

77 cell adhesion 7.60E[24

-03

Table 4:2. MCF-7/RAL1 Ontology. Metacore Gene Go Analysis of 4,077 Genes Showing a 2-fold Change in Expression vs. Wild-
type MCF-7/E2 Tumors.
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Folder | Map Cell process p- Genes
Value

FAK signaling protein  Kinase cascade, cell[5.34E- [30 (70
adhesion 06
Chemokines and adhesion cytokine and chemokine mediated|1.23E- [(2 [153
signaling pathway, cell adhesion |05
Non-genomic  (rapid) action offresponse to hormone stimulus 1.41E- [27 [70
IAndrogen Receptor 04
/Angiotensin signaling via PYK2 G-protein coupled receptor proteinl4.09e- 27 [74
signaling pathway 04
Role of tetraspanins in the integrin-cell adhesion 4.22E- 22 |56
mediated cell adhesion 04
PDGF activation of prostacyclinfintracellular receptor-mediated|6.80E- [10 [18
synthesis signaling pathway 04
NTS activation of IL-8 in colonocytes [immune response 1.06E- [23 [63
03
RalA regulation pathway small GTPase mediated signalll.20E- [15 |35
transduction 03
Integrin outside-in signaling cell adhesion 1.30E- 27 [79
03
CXCR4  signaling  via  second|G-protein coupled receptor protein[l.79E- |20 [54
messenger signaling pathway 03
VEGF signaling via VEGFR2 - genericfintracellular receptor-mediatedj2.29E- (17 }44
cascades signaling pathway 03
/Angiotensin activation of ERK G-protein coupled receptor protein2.95E- [20 [56
signaling pathway 03
Integrin inside-out signaling cell adhesion 3.42E- [24 |72
03
Fibronectin-binding integrins in cellfcell adhesion 5.40E- [18 |51
motility 03
Role of DAP12 receptors in NK cells  [immune response 5.82E- [20 [59
03
IFN gamma signaling pathway cytokine and chemokine mediated|5.96E- [21 |63
signaling pathway, immunel03
response
Regulation of G1/S transition (part 2) [cell cycle 6.03E- (13 |33
03
MIF-JABL1 signaling immune response 6.93E- (10 |23
03
Cytoskeleton remodeling cell adhesion 6.98E- (48 |177
03
FGFR signaling pathway intracellular receptor-mediated|7.02E- |19 |56
signaling pathway 03
EGF signaling pathway intracellular receptor-mediated|7.29E- |21 64
signaling pathway 03
NGF signaling pathway intracellular receptor-mediated|9.86E- [10 |24
signaling pathway 03

Table 4:3. MCF-7/RAL2 Ontology. Metacore Gene Go Analysis of 3,853 Genes Showing a 2-fold Change in Expression vs. Wild-
type MCF-7/E2 Tumors.
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Folder | Map Cell process p- Genes
Value

CDC42 in cellular processes small GTPase mediated signall1l.05E- [38 [77
transduction 09

Membrane-bound ESRL1: interactionfresponse to hormone stimulus|6.95E- [15 |42
with growth factors signaling transcription 03

Regulation activity of EIFAF translation 7.44E- |20 |62
03

Notch Signaling Pathway response to extracellular8.54E- (14 |39
stimulus 03

Table 4:4. MCF-7/TAM2 Ontology. Metacore Gene Go Analysis of 3,620 Genes Showing a 2-fold Change in Expression vs. Wild-
type MCF-7/E2 Tumors.

Folder | Map Cell process p- Genes

Value
GTPase mediated signalf2.99E- [38 [/7
transduction 07

CDC42 in cellular processes small
Oncostatin M signaling via JAK-Staffcytokine and chemokine mediated|1.02E- (11 [19

in human cells signaling pathway, immune response |03

Chemokines and adhesion cytokine and chemokine mediated|1.02E- [52 [153
signaling pathway, cell adhesion 03

Formation of Sin3A and NuRDj|transcription 1.06E- |20 {45

complexes 03

Endothelial cell contacts by non-cell adhesion 4.37E- |17 40

junctional mechanisms 03

Oncostatin M signaling via MAPK infcytokine and chemokine mediated|1.03E- [17 |43
human cells signaling pathway, immune response |02

Table 4:5. MCF-7/5C Ontology. Metacore Gene Go Analysis of 4,714 Genes Showing a 2-fold Change in Expression vs. Wild-type
MCF-7/E2 Tumors.

2. Gene expression Analysis of in vitro cell line models of endocrine resistance.

Wild type MCF7:WS8 breast cancer cells, and long-term estrogen deprived derivative cell lines MCF7:5C and
MCF7:2A were treated or left untreated with estrogen as described in the preliminary data for this award. Gene
expression arrays were performed by the Jordan laboratory as summarized in Table 4:2. All raw data files were
sent to TGen for analysis.

Cell line treatment Affymetrics Facility Analysis
MCF7:WS8 no ligand Yes NWU TGen
MCF7:WS8 E2 Yes NWU TGen
MCF7:WS8 ICI Yes NWU TGen
MCF7:5C no ligand Yes NWU TGen
MCF7:5C E2 Yes NWU TGen
MCF7:5C ICI Yes NWU TGen
MCF7:5C E2 + ICI Yes NWU Tgen
MCF7:2A no ligand Yes NwWU TGen
MCF7:2A E2 Yes MwWU TGen
MCF7:2A ICI Yes NWU TGen
Total arrays 43

Table 4:6. Summary of Gene expression arrays performed on wild type MCF7 and long-term estrogen
deprived derivative cell lines MCF7:5C and MCF7:2A
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All gene expression microarray data for the cell lines and treatments listed was generated by the Northwesrtern
Microarray core using Affymetrics Human U133 Plus2.0 arrays. Treatment: E2, estrogen; ICI, ICI 182,780
(Fulvestrant). This data series met minimal quality metrics as recommended by Affymetrics Microarray Suite
5.0.

The first series of comparisons from the dataset listed in Table 4:6 above was an overview comparison of MCF-
7 and the two derivative cell lines, without any added ligand (Figure 4:4). 2-dimensional hierarchical clustering
of highly regulated genes was performed, identifying overlapping and distinct patterns of gene expression.
CEACAMG6 was identified as highly upregulated in the MCF7:2A and MCF7:5C cells, and mechanistically
validated to play a key role in their enhanced malignant behavior relative to the parental cells.

Figure 4:4. Overview of global gene expression patterns in wild-type
MCF-7:WS8 cells and estrogen deprived MCF-7:5C and MCF-7:2A
variant clones. A, unsupervised hierarchical clustering dendogram of 904
genes most differentially expressed across the three cell lines, and
consistently regulated in replicate expression arrays for each cell line. Red,
genes with high expression levels; green, genes with low expression
levels. The similarities in the expression pattern among the three cell lines
are presented as a "condition tree" on the top of the matrix. B, venn
diagram representation of genes regulated greater than 2 fold between any

B Upregulated genes

399¢

s o

358

664° | 5474 478°

Downregulated genes

590° of the three cell lines. Figure from Lewis-Wambi et al., “Overexpression
| pe— of CEACAMG6 promotes migration and invasion of long term estrogen
LT90° W . 4 . -
T deprived breast cancer cells” (manuscript submitted).
704° | 5367 419°
2A/WS8 SC/WS8 2A/5C

A comparison of genes commonly deregulated in the MCF7:5C and MCF7:2A cell lines relative to MCF7 were
examined by gene ontology analysis to identify deregulated pathways consistent with long term deprivation to
estrogen. A list of the most significant gene ontologies for this particular comparison is listed in Table 4:7.
DNA-damage induced cell cycle-deregulation and enhanced mechanisms of cell survival (anti-apoptosis, NFxB

and AKT signaling) are prominently featured.

Folder | Map Cell process p-Value Genes
Cell signaling/Cell cycle control cell cycle 1.43E-16

* Transition and termination of DNA replication 4.06E-08 13 | 36
* ATMIATR regulation of G1/S checkpoint 1.59E-05 11 | 42
* ATM/ATR regulation of G2/M checkpoint 2.14E-05 9 29
* Brcal as transcription regulator 2.90E-05 9 30
* Spindle assembly and chromosome separation 6.01E-05 15 | 83
* Start of DNA replication in early S phase 1.16E-04 10 | 43
* The metaphase checkpoint 9.40E-04 8 37
* DNA-damages-induced responses 1.04E-03 4 9
* Role of Brcal and Brca2 in DNA repair 1.61E-03 8 40
* NHEJ mechanisms of DSBs repair 1.86E-03 6 24
* Chromosome condensation in prometaphase 2.19E-03 7 33
* Role of NFBD1 in DNA damage response 3.57E-03 4 12
* Nucleocytoplasmic transport of CDK/Cyclins 6.91E-03 5 22
* Role APC in cell cycle regulation 9.69E-03 8 53
* Role 14-3-3 proteins in cell cycle regulation 1.68E-02 5] 27
* Role SCF complex in cell cycle regulation 2.45E-02 6 40
* Cell cycle (generic schema) 3.36E-02 4 22
* Sister chromatid cohesion 4.65E-02 5 35
* Role of Nek in cell cycle regulation 5.36E-02 6 48
* Regulation of G1/S transition (part1) 6.15E-02 7 62

Cell signaling/Growth and differentiation/Growth and differentiation (common

response to extracellular stimulus 5.23E-03
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* Hedgehog and PTH signaling pathways participation in bone acartilage 8.16E-02 5 41
WNT signaling pathway. Part 2 9.43E-02 8 82
TGF-beta receptor signaling 1.04E-01 6 57
* TPO in cell process 3.44E-01 4 52
Glucocorticoid receptor signaling 4.00E-01 3 40
Estrogen receptor signaling pathway 4.79E-01 2 28
WNT signaling pathway. Part 1. Degradation of beta-catenin iabsence WNT 4.79E-01 2 28
* Leptin signaling via JAK/STAT and MAPK cascades 4.98E-01 2 | 29
* IGF-RI signaling 5.92E-01 4 72
Notch activating pathway for NF-kB 6.00E-01 2 35
* PDGF activation of prostacyclin synthesis 6.52E-01 1 18
* FGFR signaling pathway 8.29E-01 2 55
* FGF-family signaling 8.64E-01 1 34
Notch Signaling Pathway 8.93E-01 1 38
* HGF signaling pathway 9.20E-01 1 43
Cell signaling/Cell death/Apoptosis apoptosis, cell death 1.03E-02

* DNA-damages-induced apoptosis 1.63E-04 6 16
* p53-dependent apoptosis 2.19E-03 7 33
* Regulation of Apoptosis by Mitochondrial Proteins 9.71E-02 4 31
* Cytoplasm/mitochondrial transport of proapoptotic proteins BidBmf and Bim 1.36E-01 4 35
p53-independent apoptotic signaling 1.40E-01 3 23
* Role of IAP-proteins in apoptosis 1.46E-01 4 36
* Apoptotic TNF-family pathways 1.91E-01 4 40
* Caspases cascade 3.05E-01 3 34
* Role SUMO in p53 regulation 3.17E-01 2 20
* Anti-apoptotic TNFs/NF-kB/Bcl-2 pathway 4.31E-01 3 42
* FAS signaling cascades 4.62E-01 3 44
* BAD phosphorylation 5.92E-01 4 72
* TNFR1 signaling pathway 7.57E-01 2 47
* Anti-apoptotic TNFs/NF-kB/IAP pathway 8.38E-01 1 31
Cell signaling/Proteolysis proteolysis 7.92E-02

Role of Akt in hypoxia induced HIF1 activation 1.54E-01 5 50
Putative SUMO-1 pathway 2.12E-01 3 28

Table 4:7. Metacore Gene Go analysis of genes deregulated at least 2 fold by both MCF7:5C and
MCFT7:2A relative to MCF7:WS8. P-value represents the odds ratio between the number of differentially
expressed genes (green) present in the list of genes associated with a given ontology node (red).

3). Integration of array-based comparative genomic hybridization (aCGH).

It is now understood that during tumor progression (including development of resistance to therapy), cancer
genomes undergo extensive alteration and evolution. Important and well recognized mechanism leading to
altered gene expression include DNA copy number gain (e.g. ERBB2, EGFR, IGF1R loci), loss (e.g, P16, p53,
BRCAL) or rearrangement (a recent example: Recurrent Fusion of TMPRSS2 and ETS Transcription Factor
Genes observed in Prostate Cancer (32).

During preparation of this grant application, array-based comparative Genomic Hybridization (aCGH) was still
in its infancy and optimization stages. In the last two years, this technology has rapidly advanced to where
genomic evolution can now be viewed at exquisitely high resolution, allowing identification of precise
chromosomal breakpoints between genes and even between exons, facilitating identification of regions of gain,
loss, and predicted chromosomal rearrangement. Integration of genomic profiles with gene expression data has
become very highly publicized, especially in the area of breast cancer.

It is estimated that approximately 40% of genomic gains and losses correspond to alterations in gene
expression, making aCGH analysis of cancer genomes an important part of any genomic study. aCGH profiling
is a technology highly implemented at Tgen. We have completed aCGH profiling from DNA isolated from all
endocrine resistant tumor models and cell lines as part of the DoD study. An overview of the entire genome for
each model relative to MCF7:E2 is shown in figure 4:5.
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We noted large regions of chromosomal rearrangement for each cell line model, and noted several genes
harboring intragenic chromosomal breaks. Our first extensive analysis was to compare the evolution of
MCF7:2A and MCF7-5C cells, two clones derived following long-term deprivation of MCF7:WS8 cells as
previously described. Figure 4:6 shows a hybridization of MCF75C against MCF7:WS8 (red) and MCF7:2A
against MCF7:WS8. Regions of extensive rearrangement throughout the whole genome were observed.
Interestingly, both cell lines had gained copies of the estrogen receptor gene (ESR1), the BRCAL gene and
CDK4, to name but a few. These three genes were also overexpressed in the MCF-7:2A and MCF-7:5C cells.
This suggests much of the transcriptional response we are observing in the gene expression profiles for these
tumor models is due to evolutionary chromosomal changes.

We are currently integrated genomic and gene expression information for MCF-7, MCF-7:5C and MCF-7:2A

cells to identify consistent potential biomarkers of aromatase inhibitor resistance, as well as likely biological
drivers of enhanced malignant behavior observed for the MCF-7:2A and MCF-7:5C cells.
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Figure 4:5. Whole genome aCGH view of DNA content for each model of endocrine resistance. Probes
were prepared from DNA isolated from each tumor xenograft model and hybridized to Agilent 244K CGH
arrays along with normal diploid male genomic DNA (Promega). MCF7:E2 DNA is shown overlaid in black
for comparison to each colored endocrine resistant cell model.
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Figure 4:6. Whole genome aCGH view of DNA content for MCF7:2A and MCF7:5C hybridized against
MCFT7:E2.

Task 4b. Identify regulatory networks for pathways indicative of differential responses to E2. Gene-gene
regulatory networks influenced by E2 in each laboratory model will be investigated as modules as outlined in
Task 2 (FCCC).

WORK ACCOMPLISHED - Task 4b
Under Task 2, samples were prepared from model module 1. For microarray analysis, Trizol lysates were

received by TGen from prepared from MCF7:WS8 and MCF7:5C cells treated or not treated with estrogen for
2,6, 12,24, 48, 72 and 96h.
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Figure 4:7. Total RNA electrophoresis (Agilent Bioanalyzer). 1ul of total RNA electrophoresed for each
sample (upper panel). RIN # metric between 9.0-10.0 is optimal for probe labeling according to Agilent
recommended guidelines (lower panel).

RNA was extracted using protocols required for subsequent gene expression array analyses from from both cell
lines, all time points. RNA integrity and purity were measured using a 2100 Bioanalyzer (Agilent Technologies;
Palo Alto, CA) and a Nanodrop ND-1000 Spectrophotometer (Nanodrop; Wilmington, DE). Figure 4:7 shows
an example of 12 total RNA samples extracted and electrophoresed for QC using the Agilent Bioanalyszer.
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2ug of every RNA sample was reserved by TGen and the remaining RNA was returned to FCCC for RT-PCR-
based quality assessment prior to array hybridization. Samples that did not meet FCCC Quality control (did not
amplify) were flagged, and TGen was informed which samples not to be included in subsequent gene
expression arrays.

Probe labeling for microarray analysis of all MCF7:5C time points has now been completed. The labeling
efficiency summary is shown in table 4:8 below.

Pooled Ref. (Cy5) ng pooled Date Labeled ng Labeled dye pmol/ul ng/uL Sample (Cy3) Concentration (ng/ul ng Labeled Date Labeled pmols/ul Dye pmol cy/ug cRNA ng/uL
200 5C2hr-1 191.00 250 8/31/13 2.68 16.68 160.7
200 5C 2hr -2 160.81 250 8/31/13 219 161 136.03
200 5C2hr-3 195.53 250 8/31/13 228 15.47 147.35
5C 2fr Controls 200 8/3111 500 3.95 173.98 5C 2hr-4 212.28 250 8/31/13 2.19 15.51 141.17
200 5C 2hr-5 173.72 250 8/31/13 1.38 12.02 114.8
200 5C 2hr -6 185.90 250 8/31/13 1.42 10.48 13551
200 5C6hr -1 33118 250 83113 143 1049 136.28

200 5C 6hr -2 266.68 250 8/31/13 2.09 12.98 161
200 5C6hr-3 262.31 250 8/31/13 239 1532 156.01
5C 6hr Conirols 200 83111 500 358 217.20 5C6hr-4 277.83 250 8/31/13 23 15.02 153.15
200 5C 6hr -5 270.59 250 8/31/13 151 1068 14145
200 5C 6hr -6 211.93 250 8/31/13 0.74 6.71 110.35
200 5C 1zhr- 1 255.26 250 8/31/13 152 1404 1083
200 5C 12hr - 2 172.60 250 8/31/13 0.66 6.09 108.41
200 5C 12hr-3 261.97 250 8/31/13 0.67 5.26 1273
5C 12hr Controls 200 83111 500 222 22120 5C 12hr-4 238.85 250 8/31/13 08 5.18 15457
200 5C 12hr -5 230.38 250 8/31/13 2.6 13.7 189.8
200 5C 12hr -6 296.30 250 8/31/13 091 8.67 104.97
200 5C 24hr-1 307.53 250 8/31/13 066 5.86 112.55
200 5C 24hr-2 292.66 250 8/31/13 1.31 1041 125.81
200 5C 2ahr-3 333.50 250 8/31/13 22 1582 139.03
5C 24hr Controls 200 88111 S0 285 183.65 5C 24hr-4 297.92 250 8/31/13 2.08 13.0 158.85
200 5C 24hr -5 189.18 250 8/31/13 1.54 10.52 146.33

200 5C 24hr -6 33735 250 8/31/13 233 13.94 167.1
200 5C 48N -1 390.3 250 83113 077 58 132.76

200 5C48hr-2 1194.50 250 8/31/13 068 9.98 68.17
200 5C 48hr - 3 484.00 250 8/31/13 4 29.08 137.56

5C 48hr Controls o 8/31/11 500 3.56 230.79 o ey > " : " L

200 5C 48hr-5 526.50 250 8/31/13 1.86 16.43 113.22

200 5C 48hr - 6 683.50 250 8/31/13 1.02 13.67 74.59
X 5C 7ohr -1 768.70 250 83113 143 1397 10237
200 5C 72hr-2 506.50 250 8/31/13 225 11.02 204.15
200 5C72hr-3 663.10 250 8/31/13 1.08 7.48 144.37
5C 72hr Controls 200 8811 500 4.06 23628 5C72hr -4 690.75 250 8/31/13 4.76 20.81 159.66
200 5C 72hr-5 781.90 250 8/31/13 3.65 334 109.29
200 5C 72hr - 6 777.75 250 8/31/13 1.8 14.04 128.25
200 5C 92hr - 1 682.30 250 8/31/13 1.47 8.65 169.86
200 5C 92hr-2 1061.90 250 8/31/13 1.36 1333 102.01
200 5Co2hr-3 1221.60 250 8/31/13 1.28 1152 11112
5C 96hr Controls 200 83111 500 207 13511 5C 92hr - 4 1064.85 250 8/31/13 1.27 11.6 109.52
200 5C 92hr-5 1390.75 250 8/31/13 077 1150 66.44

200 5C 92hr -6 991.20 250 8/31/13 119 12.46 95.49

x = Do Not Hybe. Failed QC

Table 4:8. Result of probe preparation for hybridization to Agilent gene expression arrays.

All Samples passed labeling QC (pmol Cy dye per ug of cRNA >5%). X denotes samples that did not pass QC
according to FCCC data.

Task 4c. Interrogate pathways of endocrine resistance using high throughput RNA interference (HT-
RNAI)

WORK ACCOMPLISHED - Task 4c

Cultures of MCF7:5C and MCF7:2A cells have been established at TGen. All serum was charcoal-dextran
treated by FCCC and sent to Tgen for prepare estrogen-free growth media for these cell lines. Growth curves
have been generated that are consistent with previous data generated for these cell lines by FCCC. We are now
in the optimization stages for HT-RNAI. Table 4:9 shows the optimization procedures nearing completion prior
to the RNAI screen.
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Parameter

Key factors

Cell line for screening

Cell growth media

[siRNA]

Plate format

Positive control sSiRNA

Sensitizing positive control sSiRNA

Negative control siRNA

Transfection reagent

Transfection reagent diluent

Transfection reagent ratio

Transfection reagent incubation time
Mechanism for addition of transfectin reagent
Complexing Time

Cell Volume Added

Cell Number Added

Incubation time (before drug)

Incubation time (after drug)

Mechanism for addition of cells

Drug

Drug Diluent (Vehicle)

Drug volume

Drug stability

Final Drug concentration

Mechanism for addition of Readout Reagent
Cell viability measurament

Added volume of Readout Reagent
Mechanism for addition of Readout Reagent
Incubation time for Readout Reagent
Readout method

transfection efficiency, growth rate, assay sensitivity

should not interfere with drug activity, readout, or transfection efficiency
concentration must produce effective silencing and limit off-target effects

medium evaporation, machine readout, barcode

previously identified; cell line-specific; proliferation-specific; general killers

provides measure of overall assay function
should have no effect on cell growth or drug activity

should be effective in introducing siRNA and have low toxicity
should not interfere with drug a