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Instructions: Please complete all of the items as instructed. Do not delete instructions. Do not
leave any items blank; responses must be provided for all items. If your response to an item is
“None”, please specify “None” as your response. “Not applicable” is not an acceptable response
for any of the items. There is no limit to the length of your response to any question. Responses
should be single-spaced, no smaller than 12-point type. The report must be completed using
MS Word. Submitted reports must be Word documents; they should not be converted to pdf
format. Questions? Contact Health Research Program staff at 717-783-2548.

1. Grantee Institution: Thomas Jefferson University

2. Reporting Period (start and end date of grant award period): 1/1/2010 - 12/31/2013
3. Grant Contact Person (First Name, M.1., Last Name, Degrees): Joy Soleiman, MPA
4. Grant Contact Person’s Telephone Number: 215-955-5684

5. Grant SAP Number: 4100050910

6. Project Number and Title of Research Project: 1- Genetic Targets of Breast Tumor-
Initiating Cells

7. Start and End Date of Research Project: 1/1/2010 - 12/31/2013
8. Name of Principal Investigator for the Research Project: Richard G. Pestell, MD, PhD
9. Research Project Expenses.

9(A) Please provide the amount of health research grant funds spent on this project for the
entire duration of the grant, including any interest earned that was spent:

$ 208,524.04

9(B) Provide the last names (include first initial if multiple individuals with the same last
name are listed) of all persons who worked on this research project and were supported with
health research funds. Include position titles (Principal Investigator, Graduate Assistant,
Post-doctoral Fellow, etc.), percent of effort on project and total health research funds
expended for the position. For multiple year projects, if percent of effort varied from year to
year, report in the % of Effort column the effort by year 1, 2, 3, etc. of the project (x% Yr 1;
2% Yr 2-3).



Last Name, First Name | Position Title % of Effort on Project Cost

Wu, K Assoc. Professor 55% Yr 2 57,932
Velasco Velazquez, M | Instructor 25% Yr2 & Yr 3 18,644
Jiao, X Instructor 40% Yr 4 8,692

9(C) Provide the names of all persons who worked on this research project, but who were not
supported with health research funds. Include position titles (Research Assistant,
Administrative Assistant, etc.) and percent of effort on project. For multiple year projects, if
percent of effort varied from year to year, report in the % of Effort column the effort by year
1, 2, 3, etc. of the project (x% Yr 1; 2% Yr 2-3).

Last Name Position Title % of Effort on Project

None

9(D) Provide a list of all scientific equipment purchased as part of this research grant, a short
description of the value (benefit) derived by the institution from this equipment, and the cost
of the equipment.

Type of Scientific Equipment | Value Derived Cost
None
10. Co-funding of Research Project during Health Research Grant Award Period. Did this

11.

research project receive funding from any other source during the project period when it was
supported by the health research grant?

Yes No X

If yes, please indicate the source and amount of other funds:

Leveraging of Additional Funds

11(A) As a result of the health research funds provided for this research project, were you

able to apply for and/or obtain funding from other sources to continue or expand the
research?

Yes X No

If yes, please list the applications submitted (column A), the funding agency (National
Institutes of Health—NIH, or other source in column B), the month and year when the
application was submitted (column C), and the amount of funds requested (column D). If
you have received a notice that the grant will be funded, please indicate the amount of funds
to be awarded (column E). If the grant was not funded, insert “not funded” in column E.
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Do not include funding from your own institution or from CURE (tobacco settlement funds).
Do not include grants submitted prior to the start date of the grant as shown in Question 2. If
you list grants submitted within 1-6 months of the start date of this grant, add a statement
below the table indicating how the data/results from this project were used to secure that

grant.
A. Title of research B. Funding C. Month | D. Amount | E. Amount
project on grant agency (check and Year of funds of funds to
application those that apply) Submitted | requested: be awarded:
DACH1/Eya Cell-fate XINIH 07/01/14- | $1,937,500
Determination Factor and | OJ Other federal 06/30/19
Mammary Tumorigenesis | (specify:_ )
RO1 CA 132115-02 [0 Nonfederal

source (specify: )
The role of retinal NIH Under $697,500 $
determination gene L1 Other federal review
network (RDGN) in (specify: )
hormone signaling CINonfederal
transduction and prostate source (specify:_)

tumorigenesis

12.

13.

11(B) Are you planning to apply for additional funding in the future to continue or expand

the research?

Yes X No

If yes, please describe your plans:

| plan to write for support from the NIH and foundations for ongoing support.

Future of Research Project. What are the future plans for this research project?

The interaction with YB1 is dependent upon phosphorylation of DACH. We will determine
the mechanisms governing phosphorylation in order to target this process to block breast
cancer stem cell expansion. We will determine whether this process is general for other types

of cancers.

New Investigator Training and Development. Did students participate in project
supported internships or graduate or post-graduate training for at least one semester or one

summer?

Yes X No




If yes, how many students? Please specify in the tables below:

Undergraduate Masters Pre-doc Post-doc
Male 2
Female
Unknown
Total 2
Undergraduate Masters Pre-doc Post-doc
Hispanic
Non-Hispanic 2
Unknown
Total 2
Undergraduate Masters Pre-doc Post-doc
White 2
Black
Asian
Other
Unknown
Total 2

14. Recruitment of Out-of-State Researchers. Did you bring researchers into Pennsylvania to
carry out this research project?

Yes No X

If yes, please list the name and degree of each researcher and his/her previous affiliation:
15. Impact on Research Capacity and Quality. Did the health research project enhance the

quality and/or capacity of research at your institution?

Yes X No

If yes, describe how improvements in infrastructure, the addition of new investigators, and
other resources have led to more and better research.

The ability to provide salaries and supplies for this project has provided the important
support for our research infrastructure, which is dependent upon billing for research.
16. Collaboration, business and community involvement.

16(A) Did the health research funds lead to collaboration with research partners outside of
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your institution (e.g., entire university, entire hospital system)?
Yes X No
If yes, please describe the collaborations:
This research was enabled by collaboration with:

e Department of Molecular Oncology, British Columbia Cancer Research Center,
Vancouver, BC, V5Z1L3, Canada

e University of Manchester, Manchester Breast Centre, Wilmslow Road, M20, 4BX,
Manchester, England, UK.

16(B) Did the research project result in commercial development of any research products?
Yes No__ X

If yes, please describe commercial development activities that resulted from the research
project:

16(C) Did the research lead to new involvement with the community?
Yes No X

If yes, please describe involvement with community groups that resulted from the
research project:

17. Progress in Achieving Research Goals, Objectives and Aims.
List the project goals, objectives and specific aims (as contained in the grant application’s
strategic plan). Summarize the progress made in achieving these goals, objectives and aims
for the entire grant award period. Indicate whether or not each goal/objective/aim was
achieved; if something was not achieved, note the reasons why. Describe the methods used.
If changes were made to the research goals/objectives/aims, methods, design or timeline
since the original grant application was submitted, please describe the changes. Provide
detailed results of the project. Include evidence of the data that was generated and analyzed,
and provide tables, graphs, and figures of the data. List published abstracts, poster
presentations and scientific meeting presentations at the end of the summary of progress;
peer-reviewed publications should be listed under item 20.

This response should be a DETAILED report of the methods and findings. It is not
sufficient to state that the work was completed. Insufficient information may result in an
unfavorable performance review, which may jeopardize future funding. If research findings
are pending publication you must still include enough detail for the expert peer reviewers to
evaluate the progress during the course of the project.



Health research grants funded under the Tobacco Settlement Act will be evaluated via a
performance review by an expert panel of researchers and clinicians who will assess project
work using this Final Progress Report, all project Annual Reports and the project’s strategic
plan. After the final performance review of each project is complete, approximately 12-16
months after the end of the grant, this Final Progress Report, as well as the Final Performance
Review Report containing the comments of the expert review panel, and the grantee’s written
response to the Final Performance Review Report, will be posted on the CURE Web site.

There is no limit to the length of your response. Responses must be single-spaced below,
no smaller than 12-point type. If you cut and paste text from a publication, be sure
symbols print properly, e.g., the Greek symbol for alpha (o) and beta (13) should not
print as boxes () and include the appropriate citation(s). DO NOT DELETE THESE
INSTRUCTIONS.

Genetic Targets of Breast Tumor-Initiating Cells - Breast cancer is the second most prevalent
cancer-related death in women in the United States. A subpopulation of breast tumor cells have
been identified and are referred to as “breast tumor-initiating cells” or cancer stem cells (CSCs).
These self-renewing CSCs were first described in the hematopoietic system, and have now been
putatively identified in breast, colon and brain tumors. It has been proposed that all tumor
metastasis are caused by CSCs, and it is suspected that these cells contribute to therapy
resistance and tumor recurrence. The focus of this project is to determine new genetic
mechanisms governing breast CSC expansion and invasion, and to identify specific secreted
factors regulated by gene deletion, to provide CSC-based therapies.

Project Overview

The goal of this project is to determine new genetic mechanisms governing CSC expansion and
invasion, using transgenic mice. Over the last 15 years, this laboratory has generated mammary
gland-targeted gene excision/inactivation mice, and crossed these mice to mammary gland-
targeted oncogene mice. These mice and the genetic material and tissues previously derived from
these animals, will be used to determine the role of six specific genes, in the expansion of CSC.

Specific Aim: Determine the role of genetic determinants in CSC expansion.

The relative proportion of cells with characteristics of breast CSCs will be assessed in transgenic
mice and tumor-derived cell lines by genetic deletion of Notch, Akt1, c-jun, NF«kB, p21°"* and
DACH1, using multiple assays (self renewal, self surface markers, Aldh1 production, lineage
repopulation).

Milestones

Milestone 1: Determine the role of genetic determinants in CSC expansion.

Milestone 2: Determine the role of genetic-mediated breast CSC expansion in mammary tumor
onset, progression and metastasis.




Milestone 3: Determine the role of secreted factors in stem cell expansion and therapy response.

Milestone 4: Functional map of these genes and provide the identity of secreted factors in
governing breast CSC expansion.

Research Progress

Milestone 1: Determine the role of genetic determinants in CSC expansion.

In these studies we demonstrated that NFKB plays an essential role in the expansion. The
inhibition of NFKb by a transgene in the mammary gland in the mouse demonstrated for the first
time the requirement for the NFKB pathway in the onset and progression of tumorigenesis.®® We
showed endogenous DACH1 constitutively repressed breast cancer stem cells.” We showed
EYA, which bound DACH1 promoted BCSC expansion.®

We began an analysis of small non-coding RNA in cancer stem cells. We showed that EYA
regulated stem cells via cyclin D1.> We therefore examined the non-coding (miRNA) regulated
by cyclin D1 to determine candidates governing CSC expansion. We identified a cluster of
miRNA regulated by cyclin D1 and showed they contributed to breast cancer cell growth and
migration and that cyclin D also regulated miRNA biogenesis.'* We are now assessing the role
of this pathway in determining CSC expansion.

We identified YB-1 as a DACHL1 binding protein that governs breast tumor growth and
invasion." The epithelial-mesenchymal transition (EMT) enhances cellular invasiveness and
confers tumor cells with cancer stem cell-like characteristics, through transcriptional and
translational mechanisms. The mechanisms maintaining transcriptional and translational
repression of EMT and cellular invasion are poorly understood. We showed Dachshund
(DACHL1), suppressed EMT via repression of cytoplasmic translational induction of Snail by
inactivating the Y box-binding protein (YB-1). In the nucleus, DACH1 antagonized YB-1-
mediated oncogenic transcriptional modules governing cell invasion. DACH1 blocked YB-1-
induced mammary tumor growth and EMT in mice. In basal-like breast cancer, the reduced
expression of DACHL1 and increased YB-1 correlated with poor metastasis-free survival. The
loss of DACHL suppression of both cytoplasmic translational and nuclear transcriptional events
governing EMT and tumor invasion may contribute to poor prognosis in basal-like forms of
breast cancer, a relatively aggressive disease subtype.

As we had found that YB1 induced cyclin D1 and cyclin D1 appeared to serve at a pivotal point
in the CSC EMT intersection, we examined the role of cyclin D1 in the stem cell EMT
phenotype in vivo. During our analysis of the mammary gland of the cyclin D17~ mice, studies
were published indicating a key role for cyclin D1 in promoting breast stem cell expansion. We
therefore extended these studies to determine whether this was a general property of cyclin D1
by examining the prostate.* In these prostate epithelial cells, cyclin D1 plays a clear and
dramatic function to sustain stem cells and to inhibit EMT.

We examined the mechanism by which DACH1 suppresses CSC. DACH1 was reduced in breast
cancer cell lines with high expression of TIC markers and in patient samples of the basal breast
cancer phenotype. Re-expression of DACH1 reduced new tumor formation in serial



transplantations in vivo, reduced mammosphere formation, and reduced the proportion of
CD44(high)/CD24(low) breast tumor cells.** Conversely, lentiviral ShRNA to DACH1 increased
the breast (B)TIC population. Genome-wide expression studies of mammary tumors
demonstrated DACH1 repressed a molecular signature associated with stem cells (SOX2, Nanog,
and KLF4) and genome-wide ChIP-seq analysis identified DACH1 binding to the promoter of
the Nanog, KLF4, and Lin28 genes. KLF4/c-Myc and Oct4/Sox2 antagonized DACH1
repression of BTIC. Mechanistic studies demonstrated DACHL1 directly repressed the Nanog and
Solerl)romoters via a conserved domain. Endogenous DACH1 regulates BTIC in vitro and in
Vivo.

YB-1 induction of breast cancer invasiveness and mammosphere expansion is antagonized
by DACHL1. Dedifferentiation through activation of the embryonic epithelial mesenchymal
transition (EMT) program strongly enhances cancer cell motility and dissemination. EMT, a
characteristic of embryonic development, wound healing and tissue remodeling, involves a
molecular program inducing abundance of transducer proteins (SNAIL, TWIST, ZEB2), which
coordinate the reduction in epithelial (E-cadherin) and induction of mesenchymal (N-cadherin,
Fibronectin, Vimentin) marker proteins. A variety of extracellular signals induce EMT including
transforming growth factor beta (TGFf), and extracellular matrix components such as collagen
and hyaluronic acid. Together these pathways converge on EMT-inducing transcription factors,
including SNAIL, Slug, ZEB1/2, Twist, FoxC2, ID1 and Goosecoid. EMT induction of tumor
cells introduces cancer stem cell (CSC)- like properties with consequent therapeutic resistance
and tumor recurrence. Induction of the EMT program involves both transcriptional and
translational activities, although the mechanisms coordinating these activities are not well
understood.

Ectopic expression of YB-1 confers invasiveness of MCF10A cells.’® Transmigration and
cellular invasion may involve distinguishable or common processes. In order to determine
whether endogenous YB-1 promotes cellular migration in MDA-MB-231 cells, shRNA to YB-1
was used to transduce cells. In order to determine whether DACH1 could antagonize YB-1
induction of invasion, 3D-matrigel invasion assays were conducted. The expression of DACH1
was sufficient to inhibit MDA-MB-231 cell transwell migration (Fig. 1A), matrigel invasion
(Fig. 1B) and collagen invasion (Fig. 1C, D). shRNA to YB-1 similarly reduced migration and
invasion (Fig. 1A-C).

The induction of EMT may enrich gene expression associated with ES and/or TIC. In order to
determine whether YB-1 abundance may induce TIC, we deployed a widely accepted model of
mammosphere formation in which the number of mammaospheres reflects symmetrical division
in multi-potential cells. MDA-MB-231 cells were stably transduced with Ponasterone-inducible
DACH1 and/or shRNA to YB-1. Increased DACH1 expression or reduced YB-1 abundance via
SshRNA, reduced the number of mammospheres by >60% in multiple generations (Fig. 1D).
shRNA to YB-1 reduced mammosphere size by ~15% (Fig. 1E). DACHL1 expression did not
further reduce the mammosphere number in the presence of YB-1 shRNA (Fig. 1E).

YB-1 and DACHL1 expression is inversely correlated in Luminal A and Basal human breast
cancer. We examined further the relationship between YB-1 and DACH1 expression in breast
cancer cell line and tissues. We examined the relative mRNA levels for DACHL1 in luminal



(n=15) and basal (n=14) breast cancer cell lines. DACHL1 relative mRNA levels were reduced
and YB-1 levels increased in basal breast cancer cell lines compared with luminal breast cancer
cell lines (Fig. 2A). Previous studies had demonstrated reduced DACH1 abundance in human
breast cancer correlating with poor prognosis. RNA expression of DACH1 was higher in luminal
cancer with decreased abundance in human basal cancer. In contrast, YB-1 levels were increased
in human basal breast cancer compared with luminal cancer (Fig. 2A). Immunohistochemical
staining was conducted on normal human breast tissue, with comparison made to human breast
cancer (Fig. 2B). DACH1 was expressed in normal human tissue with reduced expression in
basal breast cancer. YB-1 expression was reduced in normal breast tissue but increased in basal
breast cancer (Fig. 2C).

In order to determine the relative abundance of DACHL1 and YB-1 in human breast cancer we
examined gene expression of 2,550 breast cancer samples (Fig. 2D). The tumors were sub-
classified by the genetic sub-types of luminal A, luminal B, basal, normal-like and HER2 (Fig.
1D). Molecular subtyping allowed us to identify an enhancement of DACH1 expression with low
YB-1 expressing tumors as luminal A (Fig. 2E) and conversely increased YB-1 expression with
low DACH1 levels was identified in the basal phenotype (Fig. 1G). In the other genetic
subtypes, there was no specific statistically significant association between YB-1 and DACH1
expression. These studies raised the possibilities that DACH1 may regulate the expression of
YB-1 in a subset of breast cancers.

In order to determine whether a reduction of DACH1 abundance in the basal breast cancer
subtype correlated independently with clinical outcome, we examined a series of basal, claudin-
positive, breast cancer samples and determined the correlation with metastasis free, relapse free
and overall survival. A reduction of DACH1 abundance was associated with reduced survival
probability, relapse free and metastasis free survival. Similar analysis demonstrated that
increased levels of YB-1 were associated with reduced metastasis free survival, relapse free
survival and overall survival.

Milestone 2: Determine the role of genetic-mediated breast CSC expansion in mammary tumor
onset, progression and metastasis.

We demonstrated that the Dachl gene contributes to breast tumor suppression. We examined the
mechanisms by identifying Dach1l interactive proteins. We demonstrated that Dach1 bound EYA
and that the EY A phosphatase function was required for the induction of mammary
tumorigenesis.’> The EYA Phosphatase function contributed to the breast cancer stem cell
phenotype. Phosphatases are targetable in drug screening and represent a logical next step in
these studies.

We demonstrated that p53 bound Dachl. P53 has a prominent role of regulating CSC. We
showed that DACHL acetylation determined p53 binding and selectively regulated signaling by
p53.1* DACH1 co-localized with p53 in a nuclear, extranucleolar compartment and bound to p53
in human breast cancer cell lines, p53 and DACH1 bound common genes in Chip-Seq. Full
inhibition of breast cancer contact-independent growth by DACH1 required p53. The p53 breast
cancer mutants R248Q and R273H, evaded DACHL1 binding. DACHL1 phosphorylation at serine
residue (S439) inhibited p53 binding and phosphorylation at p53 amino-terminal sites (S15, S20)
enhanced DACH1 binding. DACH1 binding to p53 was inhibited by NAD-dependent



deacetylation via DACH1 K628. DACHL1 repressed p21CIP1 and induced RADS51, an
association found in basal breast cancer. DACHL1 inhibits breast cancer cellular growth in an
NAD and p53-dependent manner through direct protein-protein association. Functional analysis
of DACH ChIP Seq and p53 ChIP Seq demonstrated several common signaling pathways,
including non-small cell lung cancer (NSCLC).

Genome-wide expression analysis of mammary tumors showed DACH1 expression repressed a
gene signature associated with stem cells, including Sox2, Nanog, and KIf4.** As SOX2
amplification is a feature of non-small cell lung cancer (NSCLC), we extended these studies to
consider a role for DACH1 in NSCLC and examined the possibility that DACH1 may repress
SOX2, contributing to NSCLC tumor suppression.® SOX2 is an amplified lineage-survival
oncogene in lung squamous cell carcinoma that is oncogenic in the lung, with mutations
identified in both NSCLC and SCLC. SOX2 expression is essential for lung development, can
reprogram cells to pluripotency, and collaborates with FoxG1 in generating self-renewing neural
precursor cells. DACHL1 binds the SOX2 gene promoter in ChIP-Seq and inhibits SOX2
expression in breast cancer cells.® DACH1 binds FOXO binding sites, competing with
endogenous FOXO proteins in ChIP assays and antagonized FOXO signaling. Thus, DACH1
inhibits 2 key pathways promoting stem cell renewal. DACH1 and SOX2 expression were
inversely correlated in NSCLC but not SCLC and DACHL repressed SOX2 via the promoter of
SOX2. The DACH1-mediated repression of SOX2 was p53-dependent. SOX2 contributes to the
expansion of several stem cell types. It has been proposed that a cancer stem or progenitor cell
contributes to the onset of NSCLC. The repression of SOX2 by DACH1 may contribute a
mechanism to inhibit NSCLC.

Milestone 3: Determine the role of secreted factors in stem cell expansion and therapy response.
As we had shown a clear role for cyclin D1 in maintaining the breast and prostate stem cell, we
considered the possibility that cyclin D1 may regulate secreted factors that maintain the stem cell
phenotype. We showed that cyclin D1 determines the secretion of several key factors that
promote cellular migration and invasion, but were unable to show a role for secreted factors in
promoting stem cell expansion. Cell-conditioned medium from microRNA 17/20-overexpressing
noninvasive breast cancer cell MCF7 was sufficient to inhibit MDA-MB-231 cell migration and
invasion through inhibiting secretion of a subset of cytokines, and suppressing plasminogen
activation via inhibition of the secreted plasminogen activators (cytokeratin 8 and alpha-
enolase)."* MicroRNA17/20 directly repressed IL-8 by targeting its 3' UTR, and inhibited
cytokeratin 8 via the cell cycle control protein cyclin D1. At variance with prior studies, these
results demonstrated a unique mechanism of how the altered microRNA17/20 expression
regulates cellular secretion and tumor microenvironment to control migration and invasion of
neighboring cells in breast cancer. These findings not only reveal an anti-invasive function of
miR-17/20 in breast cancer, but also identify a heterotypic secreted signal that mediates the
microRNA regulation of tumor metastasis.

These studies were consistent with our previous studies in which we showed that levels of the
miR-17-5p/miR-20a miRNA cluster were inversely correlated to cyclin D1 abundance in human
breast tumors and cell lines. MiR-17/20 suppressed breast cancer cell proliferation and tumor
colony formation by negatively regulating cyclin D1 translation via a conserved 3' untranslated
region miRNA-binding site, thereby inhibiting serum-induced S phase entry. The cell cycle

10



effect of miR-17/20 was abrogated by cyclin D1 siRNA and in cyclin D1-deficient breast cancer
cells. Mammary epithelial cell-targeted cyclin D1 expression induced miR-17-5p and miR-20a
expression in vivo, and cyclin D1 bound the miR-17/20 cluster promoter regulatory region. In
summary, these studies identify a novel cyclin D1/miR-17/20 regulatory feedback loop through
which cyclin D1 induces miR-17-5p/miR-20a. In turn, miR-17/20 limits the proliferative
function of cyclin D1, thus linking expression of a specific miRNA cluster to the regulation of
oncogenesis.

We had previously proposed a model in which autophagy of the local stroma, in particular cancer
associated fibrobasts, contributed “nutrients” to promote the growth of epithelial cell tumors. 8
We had coined the term reverse Warburg effect to describe this phenomenon. We considered the
hypothesis that these micro nutrients, a product of stromal autophagy may contribute to stem
cells within the tumors.

Milestone 4: Functional map of these genes and provide the identity of secreted factors in
governing breast CSC expansion.

To examine this in vivo we have generated multigenic mice. The DACH1" mice are
periembryonic lethal. In order to examine the role of DACHL in mammary epithelial cell stem
cell development and mammary gland development tissue specific inducible transgenic mice
were developed. The multigenic mice were developed through intercrossing the Dach1™™ mice
with ROSA26-Cre-ERT2 (tamoxifen inducible Cre recombinase is driven from the R26 locus).
These mice were in turn inter-crossed with mice in which Cre recombinase results in the deletion
of the constitutive tomato red fluorescent protein with the consequent induction of the green
fluorescent protein (Fig. 3). Genotyping of these mice demonstrated the excision of the Dachl
allele and RT-PCR demonstrated the reduction in Dachl expression in the mammary gland (Fig.
3B, red circle). The addition of tamoxifen resulted in a conversion of the mammary gland from
red fluorescent to green fluorescent epithelial cells (Fig. 3D vs. F).

With the generation of the tri-transgenic mice we are now able to determine the role of Dachl in
mammary gland development. Based on our previous studies that DACHL1 inhibits cyclin D1,
and the knowledge that cyclin D17~ mice have failed terminal alveolar breast bud development
and reduced mammary stem cells, we predicted the Dach1”- mammary gland would display
increased proliferation and increased mammary Tg?land stem cells. In our preliminary data,
surprisingly, the mammary gland of the Dach1™" upon induction of Cre with tamoxifen show
reduced mammary epithelial cell proliferation (Fig. 4). Multiple additional mice are being
examined to confirm these findings.

We identified migration stimulating factor (MSF) as a heterotypic signaling molecule that
reprogrammed the myofibroblasts in the local tumor microenvironment.*® We identified and
published several other secreted factors that contribute to the heterotypic collaboration that
promotes tumor progression in this model.***"*® We are currently examining how these factors
contribute to the expansion of cancer stem cells in the breast epithelial cell population. These
studies form the basis of proposed future grants to NIH.
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Figure 1. YB-1 and DACH1 expression is inversely correlated in human Luminal A and Basal Genetic subtypes. The mRNA
abundance for YB-1 and DACHL1 in (A) basal breast cancer cell lines and (B) human breast cancer cell line. C) Immunohistochemistry
for DACHL1 and YB-1 in normal breast and basal breast cancer (B) mRNA for YB-1 and DACHL1 in A) basal like breast cancer cell lines
and B) human breast cancer cell lines. D) A combined breast cancer microarray data set assigning the five breast cancer genetic
expression subtypes is shown as a heat map. The ESR1, epidermal-growth factor receptor (ERBBZ2) and progesterone receptor (PGR), is
shown together with YB-1 and DACH1 expression. E-I1) Normalized DACH1 expression plotted versus normalized YB-1 expression
level reveals the inverse relationship between DACH1 and YB-1 expression in luminal A and basal genetic subtype (red circle).
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Figure 2. DACH1 antagonizes YB-1 induced migration and stem cell function. MDA-MB-
231 cells, encoding Ponasterone A on a inducible DACH1, with or without YB-1 shRNA, were
analyzed for migration, invasion and stem cell function using (A) transwell migration assays,
(B) matrigel invasion assays and (C) 3D collagen invasion assays with the number of migrating
or invading cells throughout shown as mean +SEM for N=3 separate experiments. In (D), the
same cell lines were used to determine mammosphere number and (E) mammosphere size with
data shown throughout as mean SEM for N=5 separate experiments.
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Figure 3. Analysis of Tamoxifen inducible deletion of Dachl and RFP. (A) schematic
representation of the tri-transgenic mouse lines developed to induce tomaxifen inducible deletion of the
Dachl allele. (B). RT-PCR analysis of the Dachl in tissues as indicated. The mammary gland
epitheium is highlighted with a red ring. (C-F). The relative red vs green fluorescence of the mammary
gland from transgenic mice of the genotypes indicated. (D) The mammary gland of the tri-transgenic
mice is constitutively expressing RFP. (F). The addition of tamoxifen in the tri-transgenic mice induces
excision of Dachl and the RFP resulting in the GFP expression in the mammary epithelium.
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#1094 Dach 1"t RO SA26m G HGe-ERZ with Tam oxifen

Figure 4. DACH1 enhances mammary gland terminal alveolar breast bud development and ductal
branching. Mammary gland squash analysis of transgenic mice either (above) wild type for cyclin D1 or below
deleted of the cyclin D1 gene in the mammary gland through the addition of tamoxifen to induce Cre expression

and thereby excision of the floxed Dachl allele.
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this grant funding. Several manuscripts are currently in preparation.
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or other relevant measures of outcome, impact or effectiveness of the research project. If
there were no changes, insert “None”; do not use “Not applicable.” Responses must be
single-spaced below, and no smaller than 12-point type. DO NOT DELETE THESE
INSTRUCTIONS. There is no limit to the length of your response.

These studies have important implications for new breast cancer molecular diagnostics as we
have shown DACH expression is selectively lost in the basal breast cancer phenotype. This
could be of potential value as a diagnostic for this disease.

Major Discoveries, New Drugs, and New Approaches for Prevention Diagnosis and
Treatment. Describe major discoveries, new drugs, and new approaches for prevention,
diagnosis and treatment that are attributable to the completed research project. If there were
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If yes, how many licenses were granted?
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D. Research Support

Ongoing Research Support

NIH P30 CA 056036-14 Pestell (Pl)  06/22/95-05/31/18

Cancer Center Support Grant — Translational Research in Cancer

Specific Aim: This proposal for a Cancer Center Support Grant (CCSG) requests funding to support the cancer
research activities of the Kimmel Cancer Center (KCC) in order to increase the survival and quality of life of
cancer patients by translating basic research discoveries into new strategies to prevent, diagnose, monitor and
cure human cancer.

American Cancer Society Pestell (PI)  01/01/08-7/31/15
Institutional Research Grant

NIH R01 CA086072-12Pestell (Pl)  3/1/09-02/28/14
Androgen Receptor Function in Prostate Cancer
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Specific Aim: Determine the role of cyclin D1 and androgen receptor mutations in prostate cancer cellular
growth,

NIH RO1 CA137494  Pestell/Knudsen (Pl) 08/01/10-01/31/15

Impact of Cyclin D1 Isoforms in Breast Cancer

Specific Aims: 1) Determining the mechanisms through which cyclin D1 proteins control cell cycle progression
and the response to specific anti-mitogenic stresses. 2) Defining the impact of cyclin D1a/D1b on pathological
features of breast cancer progression. 3) Delineating the function of these proteins in relation mammary
tumorigenesis and disease outcome.

Breast Cancer Research Foundation  Pestell (PI)  10/01/11-09/30/14
Genetic Targets of Breast Tumor-Initiating Cells
Specific Aim: Determine the role of key genetic targets in breast tumor stem cell expansion.

Falk Trust Pestell (Pl)  07/01/06-08/30/14

The Role of MicroRNA Gene Expression in Human Breast Cancer

Specific Aims: 1) Define the genetic determinants of breast tumor stem cell expansion. 2) Determine the role of
genetic mediated breast tumor stem cell expansion in mammary tumor onset, progression and metastasis. 3)
Determine the role of secreted factors in stem cell expansion and therapy response.

Completed Research Support

NIH RO1 CA132115-04Pestell (PI)  07/20/09-06/30/13

DACH1/Eya Cell-fate Determination Factor and Mammary Tumorigenesis

Specific Aims: 1) Determine the mechanisms governing DACH1/Eya inhibition of breast tumor cellular
proliferation. 2) Determine the role of DACHL as a suppressor of mammary tumor onset, progression and
metastasis using Dach1™™ transgenic mice. 3) Determine the mechanism by which DACH1/Eya inhibits
cellular migration.
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