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I. INTRODUCTION:

The association of immune cells and cancer has been known for over a century®. Individuals prone to chronic
inflammatory diseases have a greatly enhanced risk for cancer development and cancer patients with
malignant tissues containing infiltrates of T.2-polarized immune cells tend to have a worse clinical prognosis?.
Epidemiological studies reported that inhibiting chronic inflammation in patients with pre-malignant disease or
patients predisposed to cancer development has demonstrated chemopreventative potential®. These studies
revealed that long-term usage of anti-inflammatory drugs, e.g. aspirin and selective cyclooxygenase (COX)-2
inhibitors significantly reduces cancer (breast, prostate, colon, renal, lung) risk®.

Because of their enormous plasticity and capacity to produce a cytokines, chemokines, metallo- serine and
cysteine proteases, reactive oxygen species (ROS), histamine and other bioactive mediators, chronically
activated immune cells are key modulators of cell survival as well as regulators of ECM metabolism. Thus,
physiologic processes necessary for tumor development, i.e., cell survival, tissue remodeling, and
angiogenesis, are regulated by immune cells. This is exemplified by positive correlations between numbers of
myeloid cells infiltrating human tumors with number of blood vessels®, and experimental findings in mouse
models where attenuating immune cell infiltration reduces angiogenesis and primary tumor development®®,

We are interested in understanding the molecular mechanisms that regulate leukocyte recruitment into
neoplastic tissue and subsequent regulation those leukocytes exert on evolving cancer cells. To address
these issues, we have taken several approaches to investigate mechanisms involved in: i. induction and
maintenance of inflammatory microenvironments in premalignant and malignant tissues, ii. Assess the role of
leukocyte and their proteases as regulators of cancer development, and iii. development of novel non-invasive
imaging methodologies to monitor inflammation and/or deliver therapeutics to carcinoma cells. Our studies are
designed to test the hypothesis that inflammation is a critical parameter of neoplastic development and
therefore represents an efficacious target for anti-cancer therapies.

Il. RESEARCH ACCOMPLISHMENTS BODY:
Task 1. Define the profile and proteolytic contribution of leukocytes in human breast cancer and in
transgenic mouse models of mammary carcinogenesis.

a. Elucidate the spectrum of CD45" cells in normal and neoplastic human breast tissues. Months 1-12
COMPLETE: Results were reported in the 2007 Annual Progress Report and have now been published®*°

b. Elucidate the spectrum of CD45" cells in normal and neoplastic mammary tissues from mouse
models of mammary carcinogenesis. Months 1-24

COMPLETE: Results were reported in the 2008 Annual Progress Report and have now been published®.

Also see below for Figure 3 and 4.

c. Develop a profile of proteolytic activities in normal and neoplastic human breast tissues. Months 1-
12
COMPLETE: Results were reported in the 2007 Annual Progress Report and have now been published™

d. Develop a profile of proteolytic activities in normal and neoplastic mammary tissues from mouse
models of mammary carcinogenesis. Months 1-24
COMPLETE: Results were reported in the 2007 Annual Progress Report

e. Determine cellular origins of proteolytic activities in normal and neoplastic human breast tissues.
(initial projection: Months 1-12; revised projection: Months 24-36)
Since our experimental animal studies have revealed a functional role for the cysteine protease cathepsin C as
a mediator of mammary carcinoma metastasis, we are focusing on characterizing cathepsin C expression in
human breast tissues. Since our studies assessing the functional significance of CD4+ T cells as mediators of
breast cancer metastasis have been quite successful (see below), we have focused on these analyses in the
past years at the expense of expanding our studies of leukocyte proteases that will now become more of a
priority. Thus far, we have assessed cathepsin C expression in a series of human invasive breast cancers and
colocalized cathepsin C expression to CD68+ cells predominantly, indicating that macrophages express
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cathepsin C (Figure 1). With that in our other studies we have found that macrophages regulate breast cancer
metastasis by modulating the epidermal growth factor-activated signaling pathway™’, current investigations are

aimed at understanding if macrophage-cathepsin C in part regulates this pathway downstream of interleukin
(IL)-4%.

Yo x40
CD68 cathepsinC

Figure 1: Colocalization of cathepsin C (green) in
CD68-positive macrophages (red) in human breast
adenocarcinomas

f. Determine cellular origins of proteolytic activities in normal and neoplastic mammary tissues from
mouse models of mammary carcinogenesis. Months 1-24
Based upon the 7-fold increased mMRNA expression of cathepsin C revealed by gene expression profiling
analysis in tissues from MMTV-PymT mice (reported in our 2007 Annual Progress Report), we examined
tissue sections for cathepsin C protein expression and found that infiltrating immune cells are the predominant
source of the enzyme (reported in our 2008 Annual Progress Report). By utilizing double
immunofluorescence staining, we have revealed that macrophages are the primary source of cathepsin C
amongst the CD45+ cells infiltrating primary mammary carcinomas and metastatic lungs (reported in our
2008 Annual Progress Report; Figure 2). Based on this compelling data, we are undertaking in vivo studies

to assess the functional significance of cathepsin C in MMTV-PyMT mice currently. Our preliminary data is
reported below.
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Figure 2: Cathepsin C in MMTV-PyMT mammary carcinomas and lung metastases. A)
Cathepsin C protein expression is detectable by immuno-detection in normal nontransgenic
mammary (a) and lung (e) tissue (brown staining) and in MMTV-PymT mammary (b) and lung
(f) tissue at d110. Dual immuno-fluorescent staining for cathepsin C (green) and either F4/80
(panel ¢ and g, red staining) or GR-1 (panel d and h, red staining) localizes cathepsin C
expression to F4/80+ positive macrophages in malignant mammary tissue and metastatic
lungs. B) Dual immunofluorescent staining for cathepsin C (green, a-c) and CD68 (red, d-f)
localizes cathepsin C expression to CD68 positive macrophages in merged images (g-i) from
human breast cancer tissue sections
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g. Compare immune cell infiltrations in mouse and human normal and neoplastic tissues.
candidate cell types for further study. Months 1-24
COMPLETE: Comparative results were reported in the 2008 Annual Progress Report, quantitation of salient
immune cell populations is now provided below (Figure 3).

Identify

As observed in several types of solid tumors, human breast adenocarcinomas are characterized by infiltration
of both innate and adaptive immune cells'®*?, Immunohistochemical (IHC) detection of CD68* myeloid cells
(macrophages), CD4" and CD8" T cells and CD20" B cells in human breast cancer reveals an increase in each
cell type paralleling cancer development (Figure 3)'°. High percentages of CD4* T cells in primary breast
cancers positively correlate with markers of tumor stage, including metastatic spread to sentinel LNs and
increased primary tumor size'®. Perhaps more significant, the ratio of CD4*to CD8" T cells or Ty2 to Tyl cells
present in primary tumors, where CD4" or T2 cells are more frequent than CD8" or Tyl cells, correlates with
LN metastasis and reduced overall patient survival®. More recently, unsupervised expression profiling from
breast cancer-associated stroma revealed a gene signhature predictive of good prognostic outcome (>98%, 5
year survival) functionally enriched for elements of a Tyl-type immune response, including genes suggestive
of CTL and NK cell activity*®. Conversely, high levels of FOXP3* Teq Cells predict diminished relapse-free and
overall patient survival™. The interpretation based upon these clinical studies is that the type of CD4" effector T
cell response elicited in an emergent breast cancer may in part determine malignant and metastatic potential.
Based upon these compelling associations, and our experimental findings in PyMT mice®®, we predicted that
the composition and signature
of leukocytes that infiltrate

human breast cancer might
contain predictive power and
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correlate with overall survival.
As such, we quantitatively
examined a human tissue
microarray (TMA) containing
198 invasive breast cancers
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CD68" macrophages and found HE
that 5-year overall survival was B4
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CD4"CD8"CD68" as opposed Lty )
to  CD4°CD8"CD68°  and soopm| P e S A
represented an independent :
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4). Based upon this compelling
date, we are evaluating a
second larger "validation cohort"
consisting of 498 consecutive
patients with primary invasive
breast cancer and median
follow-up time to first breast
cancer event of 128 months.
This larger cohort contains
significant  representation  of
invasive disease representing
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Figure 3: The number of CD68", CD20", CD4" and CD8" cells was
analyzed in patient samples of normal/hyperplastic breast tissue (n/h;
n=9), ductal carcinoma in situ (DCIS; n=6) and invasive ductal
carcinomas (IC; n=150) using tissue micro-arrays. Representative 10x
and 40x images are shown and the average number of positive cells as
depicted reflects the mean number of cells in each disease stage,
evaluated by counting all high power fields (20x) per tissue section (1.1
mm)/2 sections/patient. * p<0.05 by Mann-Whitney.
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basal, luminal and triple-negative breast cancer; thus, we will evaluate if the predictive signature stratifies any
one histological subtype with preference. We have already begun preliminary investigation with triple-negative
breast cancer metastases to assess infiltration by various leukocytes (Figure 5).

Pm.unsJ Multivariate Cox-Regression analysis

cD4loCpgsLoCcDsH! 95.0% CI for HR
e HR Low High P-value
CD4HICD6E8HICD8LO |Slgnalure 9.246481)  1.226104| 69.73096| 0.030951

Node status 1.560774) 0.899357| 2.70862| 0.113463

I Survival

Figure 4: Immune signature predicts overall survival.
Quantitative evaluation of CD4*, CD8" and CD68" cells infiltrates in
198 invasive breast cancers, as evaluated using Aperio image
analysis, and correlated with 5-yr overall survival (OS).
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Figure 5: Immunodetection of CD68-positive macrophages, FOXP3-, CD4- and CD8-
positive T cells in a lung metastasis from a woman with triple-negative breast cancer.
Magnification shown for all is 40X.
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In addition, we are evaluating a retrospective cohort containing 207 high-risk DCIS samples from patients with
a median follow-up of 155 months and a 24% local recurrence rate to reveal if the CD4"CD8"°CD68" profile
stratifies the cohort. Thus, for a woman with her initial diagnosis, where information is power, we anticipate that
recognition of this immune signature will guide decisions on course of therapy such that the 20-30% of women
diagnosed with breast cancer whose initial prognostic markers are favorable based on tumor size, tumor
grade, and LN status, but still go on to develop metastatic disease within 10 years will be revealed and instead
receive aggressive therapy (cytotoxic-, immuno-, and/or targeted-therapy) to minimize risk of progression and
recurrence.

As an extension to these studies, we have spent considerable effort over the past year optimizing
Fluorescent Activated Cell Sorting of tissues to enable simultaneous quantitative evaluation of multiple lineage-
selective markers in complex tissues of either mouse or human origin. Results from one such representative
FACS of a murine mammary gland is shown in Figure 6, where we have used 12 color-FACS to evaluate
lineage expression representing 8 distinct immune cell types.
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Figure 6: Analysis of splenic T cell populations in FvBN mice using 12-color flow cytometry. A single cell
suspension of splenocytes were Fc blocked with 2.4G2, then incubated with 10 primary conjugated
antibodies (CD45, B220, CD3, CD4, CD8, CD25, CD44, CD62L, CD69, CD127) for cell surface antigen
staining, along with a Live/Dead stain for exclusion of dead cells. Cells were then fixed, permeabilized,
and stained with a FoxP3 primary conjugated antibody. Data was collected using a BD LSRIl Flow
Cytometer and analyzed using FlowJo software
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h. Compare proteolytic activities in mouse and human normal and neoplastic tissues based. Identify
candidate protease activities for further study. (initial projection: Months 1-24; revised projection

Month 24-48

As of month 36, these comparative analyses have not been initiated. We have recently developed an activity
probe for cathepsin C*°; however, obtaining unfixed, fresh human breast caner tissue has proven more difficult
than initially thought. To resolve this issue, we recently initiated collaboration with Dr. Susan Love (Dr. Susan
Love Medical Research Foundation) and Dr. Lisa Bailey (Alta Bates Hospital) to obtain freshly resected human
breast cancer tissue via the UCSF Tissue Core and our existing CHR approvals. As we begin receiving these
tissues, we will begin assessing cathepsin C activity and anticipate completion of this aim over the next 24
months.

Task 2. Validate target molecules and/or specific immune cell types in biological assays and in animal
models of mammary carcinogenesis.

a. Establish 3-dimensional mammary epithelial organotypic cell culture model system cultured on
basement membrane. Months 1-9
COMPLETE: Results were reported in the 2007 Annual Progress Report and have been published®

b. Establish routine isolation and short-term culture conditions for mouse leukocytes. Months 1-9
COMPLETE: Results were reported in the 2007 Annual Progress Report and have now been published™

c. Establish 3-dimensional organotypic co-culture model system for analysis of paracrine interactions
between mammary epithelial cells and specific leukocytic cell types. Months 6-12

COMPLETE: Results were reported in the 2007 and 2008 Annual Progress Reports and have now been

published™®

d. Establish 3-dimensional organotypic culture model system for analysis of paracrine interactions

between mammary epithelial cells and specific leukocytic-derived proteases. Months 6-12
COMPLETE: Results were reported in the 2007 Annual Progress Report. In the next funding cycle, based on
compelling data from in vivo studies with cathepsin C-deficient/PymT mice, we will return to these assays to
evaluate paracrine regulation between cathepsin C-positive vs cathepsin C-deficeint leukocytes in regulating
aspects of mammary epithelial cell physiology.

e. Analyze role of leukocytes in regulating mammary epithelial morphogenesis, proliferation, cell
death, apicobasal polarity, cell-cell adhesion, and formation of invasive and protrusive structures in
normal and oncogene-expressing 3-dimensional acini cultured on basement membrane. Months
12-24

COMPLETE: Results were reported in the 2008 Annual Progress Report and have now been published™

f. Analyze role of leukocyte-derived proteases in regulating mammary epithelial morphogenesis,
proliferation, cell death, apicobasal polarity, cell-cell adhesion, and formation of invasive and
protrusive structures in normal and oncogene-expressing 3-dimensional acini cultured on
basement membrane. Months 12-36

These assays have now been established as reported in our 2007 and 2008 progress report; however, due to

our focus on evaluating functional roles for leukocytes as regulators of mammary carcinogenesis, studies on

protease function in vitro were delayed pending completion of our current leukocyte studies. Thus, over the
next funding period, ex vivo assessment of cathepsin C as a paracrine mediator will be a priority.

g. Analyze role of candidate leukocytes by crossing mice deficient in or modified such that individual

or classes of leukocytes (identified in Task 1) are deficient with transgenic mice prone to
development of mammary adenocarcinoma. Months 1-48
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We are happy to report that the main focus of our work in this area is now in press at Cancer Cell’®. The
manuscript can also be found in Appendix B. Below reflects a brief summary of the work and plans for ongoing
experiments.

During breast cancer development, increased presence of leukocytes in neoplastic stroma parallels disease
progression; however, functional significance of leukocytes in regulating pro-tumor versus anti-tumor immunity
in the breast remains poorly understood. Macrophages, which are part of the innate immune response, can
mediate metastasis of malignant mammary epithelial cells (MECSs) by secreting epidermal growth factor (EGF).
However, adaptive immune cells, such as CD4" and CD8" T cells, that regulate the function of innate immune
cells are also present. What is the function of these cells in breast cancer? We have examined the
development of breast cancers driven by the Polyoma middle T (PyMT) antigen under the control of the mouse
mammary tumour virus (MMTV) promoter in mice with dysfunctional adaptive immune systems®. We found
that these mice showed no changes in primary tumour growth and angiogenesis, but mice lacking CD4" T
cells, or mice with established tumours that were then depleted of CD4" T cells had reduced levels of
pulmonary metastases, as well as fewer circulating tumour cells™.

Given the association of macrophages with breast cancer metastasis, we asked whether CD4" T cells could
affect macrophage function in breast tumours. Although macrophages were still present in breast tumours in
MMTV-PyMT;Cd4 = mice, analysis of their activation status indicated that they had an M1 phenotype,
whereas those in mice with CD4" T cells were of an M2 phenotype®. M2 macrophages, unlike M1
macrophages express pro-angiogenic, pro-tissue remodelling cytokines in response to T helper 2 cytokines,
such as interleukin 4 (IL-4), IL-10 and IL-13. Indeed, CD4" T cells isolated from the mouse mammary tumours
expressed these cytokines.

To show that CD4" T cells and the cytokines they produce were the driving force for metastasis, we cultured
MECs from MMTV—-PyMT mice in 3D organoid culture and then added tumour associated macrophages and
CD4" T cells isolated from MMTV—PyMT mice. Only under these conditions did malignant MECs grow
invasively. Moreover, MMTV—PyMT:IL-4Ra™" mice also showed reduced levels of pulmonary metastases,
suggesting that this CD4" T cell-expressed cytokine is crucial. How does IL-4 affect the macrophages? IL-4
significantly increased the expression of EGF by the macrophages and inhibition of the EGF-EGFR pathway
suppressed the invasive growth of malignant MECs in the 3D co-culture assay™.

Therefore, the innate and adaptive immune responses collaborate to induce pulmonary metastases in mice
with mammary tumours. Thus, we have demonstrated a tumor-promoting role for T,2-CD4" T lymphocytes that
elicit pro-tumor, as opposed to cytotoxic bioactivities of tumor-associated macrophages and enhancement of
pro-metastatic epidermal growth factor receptor signaling programs in malignant mammary epithelial cells.
This work reveals a novel pro-tumor regulatory program involving components of the acquired and cellular
immune systems that effectively collaborate to promote pulmonary metastasis of mammary adenocarcinomas,
and identifies new cellular targets, namely CD4" T effector cells and IL-4 for anti-cancer therapy.

IL-4 induces macrophage EGF expression and EGFR/CSF1R-dependent invasion and metastasis: To
identify the soluble mediators released by TAMs following their activation by CD4" T cells and IL-4 that induce
MEC invasion and metastasis, we evaluated TAM expression of several growth factors associated with
epithelial cell invasion and found that TAMs isolated from CD4-proficient/PyMT mice expressed higher levels of
EGF and TGFp mRNA™, as compared to TAMs from CD4" T cell-deficient/PyMT mice (Figure 7A). To
determine if enhanced EGF expression by TAMs was directly due to IL-4 exposure, we evaluated TAM EGF
MRNA expression following brief exposure to IL-4, CSF-1, IL-4 plus CSF-1, as compared to pMEC conditioned
medium (CM) alone, and found that IL-4 significantly enhanced EGF mRNA expression, but only in the
presence of CSF-1 or pMEC CM (Figure 7A). An outstanding question to answer regarding this data has to do
with the autocrine relationship between IL-4, IL-13 and their cognate receptors. We do not know if EGF mRNA
can be induced to the same levels following combined IL-4 and IL-13 exposure or if instead high-level
expression is CSF-1-dependent.

To establish if activation of EGFR-mediated signaling in MECs was necessary for TAM-induced invasion,
we evaluated EGFR blockade using the 3D co-culture assay (Fig 8) and found that IL-4-regulated TAM-
dependent pMEC invasion was significantly diminished in the presence of EGFR tyrosine kinhase inhibitors
PD153035 or BIBX1382 (Fig 8). Analogously, we evaluated if EGFR signaling in vivo regulated dissemination

Page 11



W81XWH-06-1-0416 / 2009 Annual Report

of malignant cells into circulation -

Coussens, Lisa M.

late-stage (d110) PyMT mice were treated with PD153035 (25 mg/kg) for 5

hours resulting in a significant decrease in number of circulating carcinoma cells present in PB (Figure 7B).

To evaluate the role of CSF1R signaling as a
mediator of invasive and/or metastatic potential of
mammary tumors in PyMT mice, we assessed
CSF1R blockade first using the 3D co-culture assay
and found that similar to EGFR blockade, IL-4-
regulated TAM-dependent pMEC invasion was
significantly diminished in the presence of CSF1R
tyrosine kinase inhibitors PLX3397 and PLX5622
(Figure 7B). In addition, late-stage (d110) PyMT
mice were treated with PLX3397 and PLX5622 (40
mg/kg) for 5 hours followed by assessment of
circulating carcinoma cells in PB that were
significantly decreased (Figure 7B). Taken
together, these data indicate that in response to
CD4" T cell-derived IL-4, M2 effector bioactivity is
enhanced in TAMs that results in enhanced
production of EGF and activation of a pro-invasive
feed forward loop involving CSF1R on MECs™. In
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Figure 7: IL-4 and CSF1 regulate EGF expression and
peripheral blood dissemination of tumors. A) EGF
mMRNA expression in freshly isolated TAMs, and TAMs
briefly exposed to IL-4, CSF-1 or IL-4+CSF1. B) Presence
of circulating carcinoma cells in PB of PyMT mice following
5-hr of treatment with an EGFR inhibitor PD153035 (left
graph; PD, 25 mg/kg), or CSF1R inhibitors PLX3397

Aim 1 and 2, we will address the therapeutic
potential of EGFR- and CSFl-blockade as
combinatorial therapy with either IL-4/13 ligand or
receptor blockade to reveal the most efficacious
strategy to minimize metastasis and neutralize T2 immunity in the primary and metastatic microenvironments.

(3397) or PLX5622 (5622) (right graph; 40 mg/kg).
p<0.05.

Determining cellular sources of IL-4/13 during mammary carcinogenesis: To identify the spatial, temporal
and cellular characteristics of IL-4 and IL-13 expression during mammary carcinogenesis in vivo, we have
employed IL-4 reporter mice that express enhanced green fluorescent protein (EGFP) in the IL-4 locus linked
via a viral IRES element, i.e., 4get mice'’, intercrossed with PyMT mice. Our initial evaluation of late-stage
mammary adenocarcinomas in these bigenic mice reveals CD45'IL-4/GFP" cells in tumor stroma (Figure 8),
and by flow cytometry, reveals identity of these cells to be predominantly CD4" T cells (data not shown)
Similarly, mice expressing bicistronic IL-13/EGFP
(13get mice) have been constructed and are
currently being evaluated (R. Locksley, personal
communication) and intercrossed with PyMT mice
(data not shown). 4get and 13get mice will reveal
cellular sources of ligands during primary tumor
development and metastasis, as well as in vivo
indicators for when during progression the Ty2
microenvironment in primary tumors and metastases
is established. This will be important information to
elucidate as it will guide vaccination strategies in Aim
3, and provide a means to gauge success of
neutralizing the Ty2 microenvironment following IL-
4/13- and/or IL-4/13R-blockade (Aim 1-2) and
durability of those responses.

Figure 8. Localizing IL-4 expressing cells using IL4-
GFP reporter 4get mice. IF detection of GFP" (green)
and CD45" (Red) cells in mammary tumor tissue from
d90 4get/PyMT mice, counterstained with DAPI (blue).

Dendritic cells in primary and metastatic tumors: Dendritic cells (DCs) have the capacity to significantly
shape immune responses to cancer by both regulating innate immunity through production of cytokines and
chemokines, as well as regulating pro- vs anti-tumor T cell responses by antigen presentation. Because
individual DC subsets can reflect altered bioactivities, we assessed changes in DC populations in primary
mammary adenocarcinomas versus pulmonary metastases by polychromatic flow cytometry (Figure 9). In both
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primary tumors and secondary pulmonary metastases, we found variances in DC subset infiltration with
significant accumulations of mDCs (Figure 9A) similar to studies in Oncohumice harboring human breast
cancers and in human breast cancer tissues™. Since the tumor microenvironment clearly regulates DC
subtype recruitment/maturation, antigen presentation by DCs to CD4" and/or CD8" T lymphocytes is also
regulated by the microenvironment where it exerts a pleotropic role in shaping T-effector cell response (aka
Tul vs Tx2), metastatic potential of primary tumors and likely response to immuno-, targeted-, and cytotoxic-
therapy. A major goal of the P01 application and P5 will be to determine if these infiltrating mDCs are
responsible for “driving” protumor T2 immunity, and revealing the most efficacious approach to diminish this
process and instead promote a Tyl immune microenvironment where durable anti-tumor responses are
fostered.
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Figure 9: DC subpopulations in primary and
metastatic mammary tumors. DC subsets in wildtype
(wt) mammary and lung tissue, vs primary tumors from
PyMT mice at d100, or d75 premetastatic vs. d100
metastatic lungs by FACS revealing A)
CD45'CD11b*°cD11c™™MHCI™  mDCs, and B)
PDCA'B220*CD11b™MHCII™ pDCs. N=3 mice/group.

Cytokine expression in CD4" T lymphocytes: Since our in vivo data implicated CD4" T cells as potentiators
of metastasis, we sought to determine the cytokine profile of CD4" T cells in mammary glands and lungs of
tumor naive mice, as compared to those found in mammary tumors, lymph nodes and lungs tumor-bearing
mice. Thus, we evaluated mMRNA expression of CD4" T cells isolated from LNs and mammary carcinomas of
95 day-old PyMT mice (Figure 10) for transcription factors and effector molecules indicative of Tyg, Tul, T2 oOr
Tul7-type responses. CD4" T lymphocytes isolated from draining LNs (LNs) and mammary carcinomas of
PyMT mice exhibited elevated expression of GATA3 (T42) and T-bet (Ty1) mMRNA, but not FOXP3 (Teg), When
compared to LNs of wild type littermates indicating that both Tyl and T,2 effector lineages were expanded in
LNs and in tumors. In order to assess the functional consequences of these, we assessed the cytokine
expression profile of CD4" cells and found significant induction in T2 cytokines including IL-4, IL-13, and IL-10
and to a lesser extent the Tyl cytokine IFNg and by contrast, IL-17a was not significantly expressed (Figure
10E-H). These results were further confirmed by ex vivo activation of CD4" T lymphocytes (isolated from
spleen, draining LNs and tumors of PyMT mice) with anti-CD3/CD28 Igs (data not shown). Analysis of
expression of IL-4, IFNy and IL-17 by ELISA, and IFNy and IL-4 by intracellular flow cytometry, and found that
activated CD4" T cells expressed higher levels of IL-4 as compared to IFNy or IL-17 (Figure 10 C and H), and
that IL-4-expressing CD4" T cells represented a larger fraction of the total CD4" T cells present in mammary
tumors in vivo (data not shown). Moreover, we compared these expression characteristics with that found in
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CD4+ T cells from lungs of tumor-naive mice versus metastatic lungs of PyMT mice and found significantly
distinct profiles (Figure 10I-R). Our studies over the next funding cycle will seek to evaluate the functional
significance of these differences

Figure 10. Cytokine expression of CD4" T lymphocytes in primary mammary carcinomas and metastatic
lungs. A-H) Analysis of cytokine expression by tumor-associated CD4" T cells. CD4" T cells were
isolated by flow sorting from lymph nodes and tumors of 95 day-old PyMT mice and corresponding
negative littermates (n=4/cohort). Sorted cells were lysed and RNAs were assessed by qRT-PCR for
GATA3, T-bet, FOXP3, IFNy, IL-4, IL-13, IL-10 and IL-17a expression. Data is depicted as the mean
fold change from the standardized sample (-LM lymph node). I-R) Analysis of cytokine expression in
CD4" T cells isolated from lungs of tumor naive (-LM) and tumor-bearing PyMT mice. CD4" T cells
were isolated by flow sorting from represented tissues (n=5/cohort). Sorted cells were lysed and RNAs
were assessed by gRT-PCR for IFNy, IL-4, IL-13, IL-10 and IL-17a, TNFa, TGFB, GZMA, GZMB
expression. Data is depicted as the mean fold change from the standardized sample (-LM lung CD4s).
SEM is shown and * denotes p<0.05 by t-test.
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Transplantation model of breast cancer metastasis: Use of genetically engineered mouse models
(GEMMSs) of breast cancer metastasis are hampered by variable tumor latency, tumor penetrance, and
significant primary tumor burden in all mammary glands. Thus, to evaluate efficacy of anti-cancer agents
specifically aimed at minimizing metastasis, we adopted a transplantation strategy that circumvents these
issues®®. Terminal end buds, tumor fragments, or cell suspensions from PyMT or TAg mice are harvested,
manipulated ex vivo to express Luciferase and/or fluorescent proteins, and transplanted into the mammary fat
pad of naive syngeneic mice, and tumor development monitored until palpable tumors appear and achieve a
size of 1.5 cm (Figure 11A). Tumors are then surgically resected (Figure 11B-C) and metastasis evaluated at
specific time points after removal of primary tumors (Figure 11D-E). In addition, utilization of Luciferase*/PyMT
or /TAg carcinoma cells allows for non-invasive monitoring of primary tumor burden and metastatic disease
(Figure 11F). This model enables utilization of large cohorts of immune-competent mice bearing mammary
tumors at the same stage of development and will facilitate our next series of studies where we neutralize TH2
immunity simultaneous with delivery of cytotoxic therapy, and attempt to induce a durable anti-tumor immune
response. Delivery of therapeutic agents in a manner mimicking clinical therapy for women with breast cancer
or high grade DCIS.

d27: 1d pre- das: 1-wk post-  d42: 2-wk post-
tumor resection  tumor resection  tumor resection

Figur

d27 orthotopic tumor, B) mammary tissue post
tumor resection, C) d35, 1-wk post tumor
resection. D) Histology of d42 lungs from
tumor-resected mouse showing metastases.
E) High power mag. of metastatic tumor. F)
Longitudinal imaging of luciferase expressing
mammary tumor at d27, d35 and d42.

h. Analyze role of proteases expressed by both tumor and stromal cells by crossing transgenic mice
deficient in a protease already implicated in breast cancer progression with transgenic mice prone
to development of mammary adenocarcinoma.

i. Analyze role of proteases expressed by leukocytes by crossing transgenic mice deficient in a
candidate leukocyte identified in Task 1 with transgenic mice prone to development of mammary
adenocarcinoma. Months 1-24 (h-i)

To assess the functional significance of cathepsin C as a regulator of mammary carcinogenesis, we have

generated breeding colonies of PymT mice harboring homozygous null mutations in the cathepsin C gene and
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compared primary tumor development and pulmonary metastasis in age matched cohorts of PymT/cathepsin
C*" and PymT/cathepsin C’" mice. Our data reveal that primary tumor latency and total primary tumor burden
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Figure 12: Cathepsm C regulates breast cancer metastasis. A) The percent of tumor free
PymT/CC+/- (blue) and PymT/CC-/- (red) mice. B) Total mammary tumor burden in mice at day
110. C) Representative lung sections depicting metastatic tumor burden visualized by H&E
staining. The scale bar represents 1.0 mm. D) Quantitation of average number of metastatic
foci/5.0 mm? lung section. D) The number of circulating carcinoma cells accessed by flow
cytometry using 200 ml of blood and staining for live, cytokeratin"CD45 cells. Significance was
determined by the Student's t test (*, p<0.05)
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in PymT'/cathepsin C* and
PymT/cathepsin C” mice (>20
mice/experimental  group) is
unchanged (Figure 12A,B).
However, we have found that
cathepsin C does significantly
regulate pulmonary metastasis
formation as shown in Figure
12C-E. We found that upon
guantitatively  assessing  the
average number of metastatic

foci from 5.0 pum lung
sections/mouse from 110 day old
PymT'/cathepsin  C"  and
PymT/cathespin C” mice where
each lung was completely
sectioned and 6  sections
evaluated every 100 um apart by
staining with H&E and total
number of metastatic foci
(greater then 5 cells) was
guantified a statistically
significant difference was found
(p<0.05) by student t test (Figure
12D). In addition, we revealed
that the change in metastatic
frequency was likely due to a
change within the primary tumor
microenvironment  since  the
number of circulating carcinoma
cells by FACS following blood
draw by right heart puncture of
terminal day 110 animals and
evaluated live, cytokeratin
positive, CD45 negative cells and
found a statistical changes
greater then p<0.05 as
determined by student t test
(Figure 12E). While expression
of cathepsin C does not regulate
latency of  primary  tumor
development, histopathological
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Figure 13: Cathepsin C promotes angiogenesis in the mammary gland
during tumor development. A) Representative mammary gland sections
depicting blood vessels visualized by CD31 staining. The scale bar
represents 0.1mm. B) Quantitation of the average number of CD31
luminal structures/1.0 mm2 mammary gland section from PymT/CC+/-
(blue) and PymT/CC-/- (red) mice. C) Average largest diameter of CD31
luminal structures from mammary glands D) Size distribution of CD31
luminal structures from mammary glands. CD31 structures were
distributed into categories on the basis of their largest diameter and the
frequency of these categories was determined based upon the total
number of CD31 structures analyzed. Significance was determined by
the Student’s t test (*, p<0.0005)

assessment of blood vessels in mammary tumors of cathepsin C-proficient versus —deficient/PymT mice
reveals a significant difference in CD31-positive vessel numer within tumors and a change in overall vessel
diameter (Figure 13). Over the next funding period, we will endeavor to reveal the functional significance of
this observation as well as to reveal the specific aspects of tumor metastasis that cathepsin C regulates, as
well as extending the results into human tissues to determine if cathepsin C represents a prognostic indicator
of metastasis in women with breast cancer.
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Task 3. Develop non-invasive imaging reagents to monitor leukocyte and/or protease-specific events
during mammary carcinogenesis

a. lIdentify and characterize selective peptide substrates and selective binding peptides for proteases
already implicated in breast cancer progression. (initial projection: Months 1-24; revised
projection: Month 1-36

b. Identify and characterize selective peptide substrates and selective binding peptides for candidate
proteases validated in Task 2. Months 24-48

We are happy to report that the main focus of our work in this area has now been published®. The manuscript

can also be found in Appendix B. Below reflects a brief summary of the work.

Matrix metalloproteinase-14 (MT1-MMP or MMP-14) is a membrane-associated protease implicated in a
variety of tissue remodeling processes and a molecular hallmark of select metastatic cancers. The ability to
detect MMP-14 in vivo would be useful in studying its role in pathologic processes and may potentially serve as
a guide for the development of targeted molecular therapies. Four MMP-14 specific probes containing a
positively charged cell penetrating peptide (CPP) d-arginine octamer (r8) linked with a MMP-14 peptide
substrate and attenuating sequences with glutamate (8e, 4e) or glutamate- glycine (4eg and 4egg) repeating
units were modeled using an AMBER force field method. The probe with 4egg attenuating sequence exhibited
the highest CPP/attenuator interaction, predicting minimized cellular uptake until cleaved. The in vitro MMP-14
mediated cleavage studies using the human recombinant MMP-14 catalytic domain revealed an enhanced
cleavage rate that directly correlated with the linearity of the embedded peptide substrate sequence.
Successful cleavage and uptake of a technetium-99m labeled version of the optimal probe was demonstrated
in MMP-14 transfected human breast cancer cells. Two-fold reduction of cellular uptake was found in the
presence of a broad spectrum MMP inhibitor. The combination of computational chemistry, parallel synthesis
and biochemical screening, therefore, shows promise as a set of tools for developing new radiolabeled probes
that are sensitive to protease activity.

As indicated in our 2008 Progress Report, the departure from UCSF of our collaborator Dr. Ben Franc has
made it difficult to precede further in this area; thus, we have re-grouped, and are pursuing an alternative
approach to visualize “inflammation” non-invasively with Dr. Heike Daldrup-Link, a Radiologist at UCSF. Our
new approach will take advantage of Dr Daldrup-Link’s tremendous expertise with cell-based labeling for non-
invasive imaging. As such, details of our ongoing work is described below.

c. Synthesize novel fluorescent probes for imaging protease activity using peptide substrates
identified above (3.a.). Months 6-48

Based upon our compelling data implicating cathepsin C as an important regulator of late-stage mammary
carcinogenesis, we generated with our collaborator Matt Bogyo (Stanford University)'® a novel highly selective
activity-based probe to assess relative changes in cathepsin C activity in tissue lysates isolated from distinct
stages of neoplastic progression. We are currently utilizing this probe to assess cathepsin C activity in tissue
lysates from distinct stages of progression in MMTV-PymT mice, and we are in the process of re-synthesizing
a new fluorescent probe, as was done previously by the Bogyo group for evaluating cathepsin B in pancreatic
islet tissue?!, to evaluate relative cathepsin C activity in tissue ex vivo. For the reasons mentioned above
regarding our focus over the previous 12 months on investigating leukocytes during mammary carcinogenesis,
this aspect of the project was not pursued vigorously over the previous 12 month period. We anticipate its
completion by month 48 as initially projected.

d. Demonstrate ability of fluorescently-labeled molecules to localize to xenograft and/or 3-
dimensional organotypic cancer models using confocal fluorescence and/or whole-body
fluorescence imaging. Months 6-36

To initiate these studies, and based on our compelling preliminary data demonstrating functional roles for

monocytes in regulating late-stage mammary cancer metastasis, in collaboration with Dr Daldrip-Link, we

have investigated whether fluorescently-labeled monocytes could be used for optical imaging of peri-tumoral
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inflammation since non-invasive evaluation may have diagnostic value and assist with therapeutic monitoring.
Thus, 5- to 10 million murine monocytes were labeled with DiD (a fluorescent carbocyanine dye) and injected
intravenously into MMTV-PymT tumor-bearing mice and age-matched negative littermate control mice.
Optical imaging was performed before, directly after, and at 1, 2, 6 and 24 hours after cell injection. Uptake
in body organs was evaluated to determine technical success. Ratios of post-injection to pre-injection
fluorescent signal intensity (Sl post/pre) of the tumors (MMTV-PymT mice) and mammary tissue (/n controls)
were calculated. Confocal fluorescent microscopy was used to confirm that labeled cells were present within
tumors after intravenous injection.

Technical success was obtained in A liver, spleen
all 12 mice, with increasing fluorescence -LM (d95) \
seen in liver, spleen and Iungs_ of_ all b $1%giia +1h +2h +24h H?S
animals after labeled-monocyte injection. 165
MMTV-PymT mice showed progressing
tumor fluorescence up to 24 hours after
cell injection, with average Sl post/pre
ratios of 1.8+/- 0.2 (range, 1.1-2.6).
Control mice showed no increased
fluorescence in mammary tissue after
monocyte injection with average SI
post/pre ratios of 1 +/- 0.0 (range, 1.0 to
1.0) (Figure 14). The difference between
averages was found to be statistically
significant, with a p-value of 0.01.
Confocal  fluorescence  microscopy
confirmed the presence of intravenously
injected DiD-labeled cells within the
breast tumors (Figure 14D). From these
initial studies, we conclude that i.v.
delivery of congenic monocytes will

g01X

accumulate at sites of mammary cancer ¢ o
development in PymT mice, providing j':"§
proof of principle that peri-tumoral éﬁ
inflammation can be evaluated using e 5
optical imaging. Further studies will be 5&
needed to clarify if this novel imaging

parameter will provide prognostic or -LM  PyMT
therapeutic information and to what d9s  d95
degree we can target specific (n=6) (n=6)
subpopulations of leukocytes in primary
tumors as opposed to pulmonary | Figure 14: Homing of DiD-labeled monocyts to mammary
metastases. tumors. Ol of d95 wt (A) and PyMT (B) mice showing liver and
Breast cancer development is | mammary homing of DiD-labeled monocytes, revealing a 2-fold
accompanied by increased infiltration of | enhancement in fluorensence (C). Immunofluorescent-
mammary tissue by macrophages®, or | detection of DiD-labeled monocytes (red) in mammary tissue
o) called tumor-associated | sections confirms their identity as CD45+ leukocytes (D).
macrophages (TAMs). TAMs are
significant for tumor progression as macrophage-deletion studies have revealed slowed tumor development
and attenuated pulmonary metastasis in their absence®. In addition, we have recently shown that macrophages
differentially respond to Tyl versus Ty2-type cytokines, and accordingly, Ty2-activated macrophages exhibit
tumor-promoting bioactivities, whereas Tyl-activated TAMs, interfere with tumor progression and significantly
attenuate pulmonary metastasis formation®”. In addition, DePalma and colleagues recently reported that
monocytes engineered to express interferon (IFN)-a, home to mammary tumors where they exhibit significant
anti-tumor activity resulting in attenuated tumor growth and metastasis®. Based on these studies, we will
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investigate if transient Alk-5 blockade (see below) can be exploited to increase tumor infiltration of autologous
peripheral blood (PB)-isolated monocyte/macrophages, and if so, can that capability be exploited to deliver an
anti-cancer molecule to tumor tissue and thereby limit and/or block tumor growth. Clinical trials using injection
of autologous macrophages as cell-based therapy into tumor patients have previously been validated as safe
with limited adverse side effects®.

e. Identify and characterize covalently coated iron oxide nanoparticles with poly(ethylene glycol)
polymers functionalized with specific peptides or antibodies that uniquely interact with target
immune cell populations. Months 12-48.

Tumor accumulation of intravenously administered macromolecular compounds, imaging agents and some

cytotoxic drugs, depends on multiple variables including blood flow, transendothelial solute/drug permeability,

interstitial fluid pressure (IFP), and interstitial volume. Since the altered permeability of tumor microvessels
limits delivery of macromolecular cytotoxic drugs, and high IFP in solid tumors further reduces drug
extravasation from vessels to tumor interstitium®, a major clinical goal is development of novel delivery
strategies that overcome tissue perfusion/accumulation barriers to enhance drug delivery and improve clinical
outcome. The  development  of
appropriate strategies to overcome this A
challenge is further complicated by
paradoxical studies revealing that in
some contexts restricting, versus
enhancing tumor vessel permeability
may lead to increased tissue perfusion
and enhanced accumulation/delivery of
macromolecular imaging agents or
cytotoxic drugs in solid tumors. For -
example, transient increases in tumor 10 kD Dextran 70 kD Dextran
perfusion and improved penetration of
chemotherapeutic agents has been
achieved by ‘normalization’ of tumor
vasculature using antagonists  of
vascular endothelial growth factor

(VEGF) and/or its receptors (VEGFR1

and 2)?. Whereas sustained anti-VEGF

treatment can inhibit angiogenesis and
reduce vascular density, short-term

blockade of VEGF can transiently | Figure 15: Alk5-blockade enhances intratumoral delivery of
reduce permeability, stabilize tumor | high MW dextran. A) Leakage of high (70kD, green) and low
vessels via recruitment of pericytes, | (10kD, red) MW dextrans in tumors of d95 PyMT mice treated or
and improve hemodynamics. However, | untreated with Alk5-inhibitor. Blue reflects non-targeted quantum
these effects are largely limited to early | dots to differentiate intra- vs extravascular space. B) Quantitative
stage tumors containing Immature | assessment of dextrans in PyMT tumors at indicated times after
vessels lacking pericytes®. i.v. injection (n=5/group). * p<0.05.

Paradoxically, agents that directly
promote vascular leakage and increase tumor microvascular permeability, can potentiate delivery and/or
accumulation of cytotoxic therapies in tumor interstitium by overcoming high IFP and allowing convection
driven uptake of large macromolecular agents into tissues?®. To this end, we have discovered a novel
endogenous pathway regulating vascular leakage that remains functional in both early and later stage breast
cancers; thus, we predict that this pathway can be exploited to improve tissue perfusion and tumoral drug
delivery of high molecular weight (MW) macromolecular compounds. Using transgenic models of de novo
carcinogenesis (K14-HPV16 and MMTV-PyMT), we found that inhibiting vascular transforming growth factor
beta 1 (TGFp,) or its type | receptor, Alk5, leads to increased tumor vessel permeability in both early and late
stage carcinomas (Figure 15)?°. Moreover, Alk5 blockade primarily increases permeability in more mature
larger diameter vessels that have substantial mural cell coverage. Although AIk5 blockade does not modify

10 mmn 20 mun 30 min 40 min 50 min 60 min
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pericyte coverage, it regulates the frequency of endothelial cell gaps that permit passage of macromolecules.
Therefore, we hypothesize that blockade of Alk5 in tumor vessels will improve tissue perfusion and penetration
of conventional high MW chemotherapeutic agents, and that this approach will be applicable to both early and
late stage breast tumors and improve overall patient survival. Thus, over the next funding cycle, we will
investigate if transient Alk5-blockade in MMTV-PyMT mice, or mice bearing human breast cancer xenograph
tumors, improves delivery of labeled-monocytes and/or high molecular weight imaging compounds (see below)
to tumor interstitium.

f. Validate covalently coated iron oxide nanoparticles with poly(ethylene glycol) polymers
functionalized with specific peptides or antibodies for selectivity in the organotypic 3-dimensional
co-culture models. Months 12-48.

A major challenge for improving cytotoxic drug delivery to tumors is to identify patients that would most likely
benefit from adjuvant therapies to alter vascular permeability and tissue perfusion, and to prospectively predict
the subsequent therapeutic outcome. Since tumor-specific and even regional intratumoral variations in
microvessel characteristics may prove pivotal for tumor response to therapy, new delivery strategies must take
regional parameters into account. Currently, a complete pathological response (cPR) of treated primary tumors
is the most significant therapeutic endpoint and strongly correlates with patient survival®. However, this
indicator can only be assessed after completion of neoadjuvant chemotherapy and surgery. Clinicians and
researchers have long sought a surrogate to accurately predict outcome to therapy thus enabling personalized
tailoring of cytotoxic drug regimens. Magnetic resonance (MR) imaging is a highly accurate technique for
predicting cPR and a recent study comparing palpation, mammography, ultrasound and MR as predictors of
cPR showed 19%, 26%, 35% and 71% agreement, respectively, with cPR®, Moreover, MR imaging offers the
potential to noninvasively and serially monitor characteristics of tumor microvessels, including apparent
transendothelial permeability-surface area products (K*®) and richness of vascularity (fPV), parameters that are
important when considering tumoral delivery and accumulation of cytotoxic drugs (macromolecular or
macromolecular-complexed) to tumor interstitium. Macromolecular contrast medias (MMCM), such as albumin-
Gd-DTPA with a MW of 60-90 Kilodaltons, and iron oxide nanoparticles with a size of 30-150 nm, can detect,
qguantify and grade microvessel hyperpermeability of tumors to macromolecules. In contrast to standard small
molecular contrast agents for MR imaging, MMCMs are able to predict tumor therapy responses to vascular
targeting drugs as early as one-day after treatment based on diagnosed changes in microvascular
permeabilities®. Kinetic analysis of dynamic MMCM-enhanced MR data in breast tumor patients has been
shown to provide useful estimates of the angiogenesis status of cancers including tumor blood volume and
microvascular permeability, to differentiate benign from malignant lesions, and to predict, as well as monitor
tumor response to therapy®®®. Importantly, dynamic MR imaging can be utilized to assess regional and
intratumoral variations in microvessels, and thus can be used to predict the accumulation and/or response to
agents influencing vascular leakage given either as single agents, or given in combination with standard
chemotherapies. Therefore in the next funding cycle, we will evaluate quantitative estimates of tumor
microvascular permeability as determined by MMCM-enhanced MR imaging as a surrogate to predict tumor
accumulation and/or response of macromolecular cytotoxic drugs following AIk5 blockade in early and late
mammary carcinomas. In addition, we will directly monitor response to therapy via histopathologic analyses,
latency of progression, and overall survival to demonstrate not only that inhibition of Alk5 improves cytotoxic
drug accumulation, but also to demonstrate that the MR-based predictions correlate with the therapeutic
outcome. Thus, by exploiting a novel endogenous pathway we have revealed that regulates vascular
permeability and which remains functional during breast tumor progression, we anticipate significantly
improving delivery of both chemotherapeutic agents, as well as molecular imaging agents that will
improve diagnosis and monitoring of early and late stage breast cancers, and thereby improve patient
survival.

Expression of folate receptors (FR) on breast cancer cells has been identified as a strong predictor of poor
outcome in patients with breast cancer®. After adjustment for tumor size, nodal and estrogen receptor (ER)
status, histology and tumor grade, strong staining for the FR remained significantly associated with poor
outcome**. Folate is a key factor for DNA replication and cell proliferation. Breast cancer cells use the FR as
their major and distinct route for folate entry into the cell. Conversely, non-neoplastic cells use a different route,
the reduced folate carrier as their major transmembrane transporter of reduced forms of folate®. Thus,
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because of its relative tumor-specificity and potential as a new prognostic marker, the FR has evolved into a

major target for tumor imaging, and a new targeted
cancer therapeutic.

Initial approaches for imaging FR on cancer cells
have been performed with FR-targeted radiotracers,
which provided a high sensitivity for detection of
human nasopharyngeal, breast and ovarian ' ag
carcinoma, but with limited spatial resolution and
considerable radiation exposure®. FR-targeted optical
imaging probes provided a similar sensitivity without
radiation exposure, but were associated with limited
anatomical resolution as well as not yet being clinically
applicable®’. More recently, FR-targeted contrast
agents have been developed for magnetic resonance
(MR) imaging®®*. MR is a clinically applicable
techniqgue with high anatomical resolution and no

Figure 16: Increased FR expression in PyMT
carcinomas. Immunodetection of FR (red staining)
in mammary tissue of wildtype mice (left), and
PyMT mice with an early stage (d76) adenoma
(middle) versus late-stage invasive carcinoma
(right). Blue staining (DAPI) reveals nucleated cells.
Arrow: peritumor macrophage. Mag.all images: 40X

radiation exposure®*®**°. However, initial development
of FR-targeted gadolinium chelates showed a limited MR signal effect®**°**. One significant reason for this
limited signal effect was the limited transendothelial permeability of these high
molecular weight compounds into the tumor interstitium.

We have recently revealed that as mammary adenocarcinomas develop in MMTV-PyMT mice, expression

of FR increases in tumors and is predominantly localized in
malignant epithelial cells and peri-tumor immune cells,
mostly macrophages (Figure 16). We will utilize FR-
selective uptake of a novel FR-targeted MR contrast agent
P1133, and its accumulation and retention in FR-positive
versus FR-negative human breast cancer xenograph
tumors to visualize tumor burder, as well as evaluate
macrophage infiltration. P1133 is an ultra small
superparamagnetic iron oxide (USPIO) contrast agent,
developed by Guerbet Research (France) (Figure 17), that
Dr Daldrup-Link has previously used to detect FR-positive
breast cancer xenograph tumors in athymic Harlan rats
(Reinhard and Daldrup-Link, manuscript in preparation). _
P1133 consists of an iron-oxide core and a hydrophilic coat | Figure 17: FR-targeted MR contrast agents.
conjugated to folate moieties. As a control, we will use | P1133 consists of an iron-oxide core
P904 that represents a non-FR-targeted analog of P1133, | conjugated to a folate moiety, lacking in P904.
composed of an identical iron oxide core without the folate | Both agents have a hydrophilic coating.

moiety, and has the same molecular properties as P1133.
Thus, we will first conduct pilot studies to optimize MR imaging and kinetic analysis of both compounds in
immune-deficient mice bearing MDA-MB-231 human beast cancer xenograph tumors to determine optimal MRI
scanning parameters as indicated below.

g. Validated covalently coated iron oxide nanoparticles with poly(ethylene glycol) polymers
functionalized with specific peptides or antibodies in vivo in the parental, immune and/or protease-
modified mouse models of mammary carcinogenesis. Confirm relationship between level of
nanoparticle uptake within tissues and level of immune cell infiltration histologically. Months 12-
48.

These studies will be initiated in the next funding cycle based on preliminary pilot studies as described above
in sections d-f.
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h. Analyze evolution of leukocyte infiltration and/or protease expression in mouse mammary
models using fluorescently-labeled molecular probes where animals are imaged longitudinally
on weekly intervals. Months 12-60.

These studies will be initiated in the next funding cycle based on preliminary pilot studies as described above

in sections d-f.

i. Select candidate molecular probes emerging from above (3.d.) that demonstrate the capability
of being detected in vivo and are present at key timepoints in the evolution of breast cancer and
use as a platform for development of protease-specific radiolabeled probes for single photon
emission computed tomography (SPECT). Months 12-60.

j- Demonstrate ability of agents in 3.i. to localize to tumors in proportion to the level of the
specific protease targeted using in-vivo SPECT-CT imaging (X-SPECT, Xenogen Corp.) with ex-
vivo autoradiography, scintillation well-counting, and immunohistochemistry to pathologically
confirm levels of tissue expression and/or immune cell infiltration in areas concentrating the
radiolabeled probe. Months 24-60.

K. Monitor relationships between presence of various immune cell populations and protease
expression within mouse mammary models utilizing multi-modality imaging (MRI, SPECT-CT) in
combination with the immune cell (MR) agents and protease (SPECT-CT) agents developed in
3.e. and 3.i., respectively. Months 36-60.

These studies (i-k) have not yet been initiated

Ill. KEY RESEARCH ACCOMPLISHMENTS:

Task 1. Define the profile and proteolytic contribution of leukocytes in human breast cancer and in
transgenic mouse models of mammary carcinogenesis.
a. Elucidate the spectrum of CD45" cells in normal and neoplastic human breast tissues.
Months 1-12
» Acquired representative paraffin-embedded samples of human mammary tissue reflecting disease-free,
ductal carcinoma in situ, and frank carcinoma (10 each)
» Performed histochemical evaluation by hematoxylin and eosin staining to affirm tissue and disease
stage
» Performed Immunodetection analysis on tissue sections to reveal leukocyte infiltrates, e.g., CD45, CD4,
CD8, CD68, neutrophil elastase, mast cell chymase, and CD31 for endothelial cells
Months 12-24:
» Initiated collaboration with Drs Susan Love and Lisa Bailey to acquire freshly resected breast cancer
tissue and adjacent normal control tissue to utilize for FACS analysis
Months 24-36:
» Evaluated a tissue microarray containing 179 specimens of invasive breast cancer to evaluate if CD4,
CD8 and CD68-positive leukocyte infiltrations correlated with overall 5-year patient survival
» Currently evaluating a tissue microarray containing 498 specimens of invasive breast cancer to
evaluate if CD4, CD8 and CD68-positive leukocyte infiltrations correlated with overall 5-year patient
survival

b. Elucidate the spectrum of CD45" cells in normal and neoplastic mammary tissues from mouse models of
mammary carcinogenesis.
Months 1-24
e Generated breeding colony of MMTV-PymT mice and aged out to representative endpoints to collect
tissues reflecting early mammary intraepithelial neoplasia (MIN), DCIS and carcinoma
» Performed histochemical evaluation by hematoxylin and eosin staining to affirm tissue and disease
stage
» Performed Immunodetection analysis on tissue sections to reveal leukocyte infiltrates, e.g., CD45, CD4,
CD8, CD68 and F4/80 for macrophages, 7/4 and CD11b for myeloid cells, CD119 for mast cells, and
CD31 for endothelial cells
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» Performed flow cytometric analyses on staged tissue suspensions from MMTV-PymT mice to
guantitatively evaluate immune cell infiltrates at each stage of neoplastic progression.
Months 12-24
» Extended FACS analysis to include examination of leukocytes populations in blood and spleen in tumor
bearing mice MMTV-PymT mice
» Performed histochemical evaluation by hematoxylin and eosin staining to affirm tissue and disease
stage in PymT/RAG1”, PymT/JH”, PymT/CD4"/CD8", PymT/CD4", PymT/CD8" mice
» Performed Immunodetection analysis on tissue sections to reveal leukocyte infiltrates, e.g., CD45, CD4,
CD8, CD68 and F4/80 for macrophages, 7/4 and CD11b for myeloid cells, CD119 for mast cells, and
CD31 for endothelial cells in PymT/RAG1”, PymT/JH"", PymT/CD4"/CD8", PymT/CD4™, PymT/CD8™
mice
« Performed flow cytometric analyses on staged tissue suspensions from PymT/RAG1”, PymT/JH",
PymT/CD47/CD8", PymT/CD4", PymT/CD8" mice to quantitatively evaluate immune cell infiltrates at
each stage of neoplastic progression
Months 24-36:
» Published DeNardo et al., Cancer Cell 2009 reporting on the functional significance of CD4+ T cells
and macrophages as mediators of breast cancer metastasis

c. Develop a profile of proteolytic activities in normal and neoplastic human breast tissues.
Months 1-12
» Collaborated with the Sloane BCCOE to evaluate mRNA isolated human mammary tissue reflecting
disease-free tissue, DCIS and Stage I, Il and Il disease on the Hu.Mu protease chip array

d. Develop a profile of proteolytic activities in normal and neoplastic mammary tissues from mouse models of
mammary carcinogenesis.
Months 1-24
» Collaborated with Prof. Dylan Edwards to evaluate mRNA expression for cysteine cathepsin gene
family members on staged tissues from MMTV-PymT mice

e. Determine cellular origins of proteolytic activities in normal and neoplastic human breast tissues.
Months 24-36
* Performed Immunodetection analysis on tissue sections to reveal cathepsin C expression
characteristics during mammary carcinogenesis in human invasive breast cacner

f. Determine cellular origins of proteolytic activities in normal and neoplastic mammary tissues from mouse
models of mammary carcinogenesis.
Months 1-36
» Evaluated origin of cathepsin C expression in MMTV-PymT tissue sections
* Used double Immunoflorescence staining to localize cathepsin C expression to infiltrating F4/80+
myeloid cells in metastatic lungs of PymT mice

g. Compare immune cell infiltrations in mouse and human normal and neoplastic tissues. Identify candidate
cell types for further study.
Months 1-24
* Published in DeNardo et al., Cancer Cell 2009 identifying CD4+ T cells and macrophages as
functionally significant
Months 24-36:
» Based on DeNardo et al 2009, Eevaluated a tissue microarray containing 198 specimens of invasive
breast cancer to evaluate if CD4, CD8 and CD68-positive leukocyte infiltrations correlated with overall
5-year patient survival

h. Compare proteolytic activities in mouse and human normal and neoplastic tissues based. ldentify
candidate protease activities for further study.
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Months 1-24
» Studies examining comparative expression of cathepsin C initiated

Task 2. Validate target molecules and/or specific immune cell types in biological assays and in animal
models of mammary carcinogenesis.
a. Establish 3-dimensional mammary epithelial organotypic cell culture model system cultured on basement
membrane.
Months 1-9
» Dr. DeNardo was trained in development, isolation, culture and maintenance of 3D organotypic cultures
by Dr. Jay Debnath (UCSF).
* Routine generation, culture and maintenance of 3D organotypic cultures established in Coussens.
* Routine isolation of primary MECs from wt and MMTV-PymT mice established in Coussens lab and
subsequent culture in 3D routine.

b. Establish routine isolation and short-term culture conditions for mouse leukocytes.
Months 1-9
* Routine isolation and culture of primary macrophages, T cells, immature myeloid cells, macrophages
and mast cells established in Coussens lab from peripheral blood, spleen, wt mammary glands and
early and late-stage carcinomas from MMTV-PymT mice.

c. Establish 3-dimensional organotypic co-culture model system for analysis of paracrine interactions
between mammary epithelial cells and specific leukocytic cell types.
Months 6-12
* 3D co-culture of NMECs and pMECs with naive and tumor-associated macrophages established in
Coussens lab
e 3D co-culture of nMECs and pMECs with naive and tumor-associated macrophages and CD4+ T cells
established in Coussens lab

d. Establish 3-dimensional organotypic culture model system for analysis of paracrine interactions between
mammary epithelial cells and specific leukocytic-derived proteases.

Months 6-12
» Paracrine regulation of MECs by T cells and macrophages identified as being metalloproteinase-
dependent

e. Analyze role of leukocytes in regulating mammary epithelial morphogenesis, proliferation, cell death,
apicobasal polarity, cell-cell adhesion, and formation of invasive and protrusive structures in normal and
oncogene-expressing 3-dimensional acini cultured on basement membrane.
Months 12-24
» Acinus disruption assay validated in Coussens lab
» Paracrine regulation of MECs by CD4+ T cells and macrophages identified as IL4-dependent
» Paracrine regulation of MECs by CD4+ T cells and macrophages identified as utilizing Shh and Wnt
proteins

» Paracrine regulation of MECs by CD4+ T cells and macrophages is due to differential activation of T2-
type cytokines versus repression of Tyl-type cytokines

» Paracrine regulation of MECs by CD4+ T cells and macrophages involves increased expression of EGF

Months 24-36:

= Published DeNardo et al., Cancer Cell 2009 reporting on the functional significance of CD4+ T cells
and macrophages as mediators of breast epithelial cell invasion into matrix using 3D assay

* Examined small molecular weight cFMS and CSF1R inhibitors in pilot studies to examine efficacy in
regulating macrophage-epithelial cell interactions

f. Analyze role of leukocyte-derived proteases in regulating mammary epithelial morphogenesis, proliferation,
cell death, apical-basal polarity, cell-cell adhesion, and formation of invasive and protrusive structures in
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normal and oncogene-expressing 3-dimensional acini cultured on basement membrane.
Months 12-36
» Initiated in vivo assessment of cathepsin C as mediator of breast carcinogenesis
* Revealed that MMTV-PyMT mice lacking cathepsin C have diminished presence of angiogenic blood
vessels in primary tumors
* Revealed that MMTV-PyMT mice lacking cathepsin C have diminished presence of malignant
circulating carcinoma cells in peripheral blood and diminished growth of pulmonary metastases

g. Analyze role of candidate leukocytes by crossing mice deficient in or modified such that individual or
classes of leukocytes (identified in Task 1) are deficient with transgenic mice prone to development of
mammary adenocarcinoma.

Months 1-12
¢ MMTV-PymT mice intercrossed with RAG1” mice
¢ MMTV-PymT mice intercrossed with CD4”CD8™ mice
¢ MMTV-PymT mice intercrossed with JH” mice
« Evaluate primary tumor and pulmonary metastasis development in crosses
» T cells identified as significant adaptive leukocyte regulating pulmonary metastasis formation

Months 12-24
¢ MMTV-PymT mice intercrossed with CD4” mice
¢ MMTV-PymT mice intercrossed with CD8" mice
« Assessment of neoplastic progression in PymT/RAG1”, PymT/JH", PymT/CD4"/CD8", PymT/CD4™",

PymT/CD8™ mice
* Metastasis in PymT mice found to be CD4+ T cell-dependent
* CD4+ T cells found to repress TH1-type cytokine expression by tumor-associated macrophages
* CD4+T cells found to induce TH2-type cytokine expression by tumor-associated macrophages

Months 12-36
» Revealed that CD4+ T cells potentiate breast cancer metastasis by expression of IL-4
* Revealed that treating MMTV-PyMT mice with neutralizing antibodies to IL_4 significantly attenuates

growth of pulmonary metastases
* Revealed that activation of the IL-4Ra expressed on macrophages induces high level expression of

EGF

* Revealed that macrophage-EGF expression is required for breast cancer metastasis in MMTV-PyMT
mice

» Pilot studies examining efficacy of cFMS and CSF1R inhibitors to block metastasis on MMTV-PyMT
mice

» Established organotypic breast carcinoma pulmonary metastasis model

h. Analyze role of proteases expressed by both tumor and stromal cells by crossing transgenic mice deficient
in a protease already implicated in breast cancer progression with transgenic mice prone to development of
mammary adenocarcinoma

Months 1-12
«  MMTV-PymT mice intercrossed with cathepsin C*" mice

Months 12-24
« Generate cohorts of MMTV-PymT/cathepsin C” and +/- control mice to evaluate functional significance

of cathepsin C during mammary carcinogenesis
Months 24-36
» Histopathological, immunological and biochemical characterization of cohorts of MMTV-
PymT/cathepsin C” and +/- control mice to evaluate functional significance of cathepsin C during
mammary carcinogenesis

« FACS analysis comparing infiltrating leukocyte populations in PyMT/cathepsin C-proficient vs —
fedicient mice

i. Analyze role of proteases expressed by leukocytes by crossing transgenic mice deficient in a candidate
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leukocyte identified in Task 1 with transgenic mice prone to development of mammary adenocarcinoma.
Months 12-24
» Breeding colonies of PymT/cathepsin C +/- and -/- mice generated, expanded and aged out to
endpoints
* PymT/cathepsin C -/- mice found to have significantly reduced incidence of pulmonary metastasis
» Cohorts of PymT/cathepsin C +/- are still aging out for completion
» Cathepsin C found to be a significant regulator of pulmonary metastasis formation
Months 24-36
+ Detailed analysis of leukocytes infiltrating cohorts of MMTV-PymT/cathepsin C” and +/- control mice to
evaluate functional significance of cathepsin C in individual leukocyte types

Task 3. Develop non-invasive imaging reagents to monitor leukocyte and/or protease-specific events
during mammary carcinogenesis
a. ldentify and characterize selective peptide substrates and selective binding peptides for proteases already
implicated in breast cancer progression.
Months 1-24
 RDM designed using MMP14-cleavage peptides
 RDM biochemically assessed for selective MMP-14 cleavage
Months 24-36
* Publish Watkins et al., 2009
» Pilot studies utilizing non-invasive Luciferase imaging to monitor breast cancer metastasis in
organotypic model

b. Identify and characterize selective peptide substrates and selective binding peptides for candidate
proteases validated in Task 2.
Months 24-48
» Initiate re-synthesis of FY01 cathepsin C activity probe with fluorescent tag for ex vivo and in vivo
analyses
Months 24-36
» Validate folate receptor expression on breast carcinoma cells and infiltrating macrophages in MMTV-
PyMT mice
» Validate transient Alk5-blockade as efficacious tool to enhance delivery of high molecular weight
compounds to tumor interstitium

c. Synthesize novel fluorescent probes for imaging protease activity using peptide substrates identified above
(3.a.).
d. Demonstrate ability of fluorescently-labeled molecules to localize to xenograft and/or 3-dimensional
organotypic cancer models using confocal fluorescence and/or whole-body fluorescence imaging.
Months 6-12
 RDM optically screened in cell-based cultures
» Selective uptake of RDM affirmed in cell-based analyses
* Bodipy-RDM probe evaluated in murine breast cancer xenograft and selectivity analyses initiated
Months 12-24
* Monocytes labeled with DiD
» Invitro optical imaging validated of monocytes validated
* FACS analysis of labeled monocytes to confirm cell surface marker expression
Months 24-36
* Pilot experiments to evaluate efficacy of labeled monocytes as cell-based delivery vehicles carrying
anti-cancer agents

e. lIdentify and characterize covalently coated iron oxide nanoparticles with poly(ethylene glycol) polymers

functionalized with specific peptides or antibodies that uniquely interact with target immune cell
populations.
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Months 1-12

* Not initiated in months 1-12
Months 12-24

e Not initiated in months 12-24
Months 24-36

* Not initiated in months 24-36

f. Validate covalently coated iron oxide nanopatrticles with poly(ethylene glycol) polymers functionalized with
specific peptides or antibodies for selectivity in the organotypic 3-dimensional co-culture models.

Months 12-48
* Not initiated in months 1-36

g. Validated covalently coated iron oxide nanoparticles with poly(ethylene glycol) polymers functionalized with
specific peptides or antibodies in vivo in the parental, immune and/or protease-modified mouse models of
mammary carcinogenesis. Confirm relationship between level of nanoparticle uptake within tissues and
level of immune cell infiltration histologically.

Months 1-12
* Notinitiated in months 1-12

Months 12-24
» Optical imaging of DiD-labeled monocytes in MMTV-PymT and control mice
» Confocal microscopy of tissue sections to confirm presence of DiD-labeled monocytes in mammary

tumors
* Quantitative analysis of fluorescence from mammary tumors following injection of DiD-labeled
monocytes

Months 12-24
» Validate that transient Alk5-blockade enhances delivery of high molecular weight dextrans to tumor

interstitium
« Validate that transient Alk5-blockade enhances retention of low molecular weight dextrans to tumor
interstitium

h. Analyze evolution of leukocyte infiltration and/or protease expression in mouse mammary models using
fluorescently-labeled molecular probes where animals are imaged longitudinally on weekly intervals.
Months 12-60.
* Notinitiated in months 1-36

i. Select candidate molecular probes emerging from above (3.d.) that demonstrate the capability of being
detected in vivo and are present at key timepoints in the evolution of breast cancer and use as a platform
for development of protease-specific radiolabeled probes for single photon emission computed tomography
(SPECT).

Months 12-60
* Notinitiated in months 1-36

j- Demonstrate ability of agents in 3.i. to localize to tumors in proportion to the level of the specific protease
targeted using in-vivo SPECT-CT imaging (X-SPECT, Xenogen Corp.) with ex-vivo autoradiography,
scintillation well-counting, and immunohistochemistry to pathologically confirm levels of tissue expression
and/or immune cell infiltration in areas concentrating the radiolabeled probe.

Months 24-60.

* Notinitiated in months 1-36

k. Monitor relationships between presence of various immune cell populations and protease expression within
mouse mammary models utilizing multi-modality imaging (MRI, SPECT-CT) in combination with the
immune cell (MR) agents and protease (SPECT-CT) agents developed in 3.e. and 3.i., respectively.

Months 36-60.

Page 28



W81XWH-06-1-0416 / 2009 Annual Report Coussens, Lisa M.

* Not initiated in months 1-36

IV. REPORTABLE OUTCOMES:

A. MANUSCRIPTS:

Months 1-12 (Provided as Appendix Material in 2007 Annual Progress Report)

Tan TT, Coussens LM. Humoral immunity, inflammation and cancer. (2007) Curr Opin Immunology 19(2),
209-216

Johansson M, Tan T, de Visser KE, Coussens LM. (2007) Immune cells as anti-cancer therapeutic targets
and tools. J Cellular Biochemistry, in press. J Cellular Biochemistry, 101: 918-926.

DeNardo D, Coussens LM. (2007) Balancing immune response: Crosstalk between adaptive and innate
immune cells during breast cancer progression. Breast Cancer Research, 9:212-222.

Months 12-24 (Provided as Appendix Material in 2008 Annual Progress Report)

Eichten AE, Hyun WC, Coussens LM. (2007) Distinctive features of angiogenesis and lymphangiogenesis
determine their functionality during de novo tumor development. Cancer Research, 67:5211-5220.

Kenny H, Kaur S, Coussens LM, Lengyel E. (2008) Adhesion of OvCa cells to peritoneum is mediated by
MMP-2 cleavage of fibronectin, J Clin Invest, 118(4):1367-1379.

DeNardo DG, Johansson M, Coussens LM. (2008) Immune cells as mediators of solid tumor metastasis.
Cancer Metastasis Rev. 27:11-18.

Johansson M, DeNardo DG, Coussens LM. (2008) Polarized immune responses differentially regulate cancer
development. Immunol Rev., 222:145-154.

Months 24 - 36 (COMPILED AND PROVIDED AS APPENDIX B)

DeNardo DG, Johansson M, Coussens LM. (2008) Inflaming gastrointestinal oncogenic programming. Cancer
Cell, 14: 7-9.

De Palma M, Coussens LM. (2008) Immune cells and inflammatory mediators as regulators of tumor-
associated angiogenesis. In: Angiogenesis: an Integrative Approach from Science to Medicine (W.D. Figg,
J Folkman, Ed.) Springer Science, New York, NY USA, pp 225-238.

Affara NI, Coussens LM. (2008) Proteolytic pathways: Intersecting cascades in cancer development. In: The
Cancer Degradome-Proteases and Cancer Biology, 1% Edition (Dylan Edwards, Gunilla Hoyer-Hansen,
Francesco Blasi, Bonnie F. Sloane, Eds), Springer Science and Business Media, pp 157-182.

Affara NI, Andreu P, Coussens LM. (2009) Delineating protease function during cancer development. In:
Methods in Molecular Biology, Proteases and Cancer. (Thoman Bugge and Toni Antalis, Eds.) Humana
Press, 539:1-32

Watkins GA, Jones EF, Shell MS, VanBrocklin HV, Pan MH, Hanrahan SM, Feng JJ, He J, Sounni NE, Dill KA,
Contag CH, Coussens LM, Franc BL. (2009) Development of an optimized activatable MMP-14 targeted
SPECT imaging probe. Bioorganic & Medicinal Chemistry, 17:653-659.

DeNardo DG, Baretto JB, Andreu P, Vasquez L, Kolhatkar N, Coussens LM. (2009) CD4" T cells regulate
pulmonary metastasis of mammary carcinomas by enhancing protumor properties of macrophages. Cancer
Cell, in press.

B. ABSTRACTS:

Months 1-12 (Provided as Appendix Material in 2007 Annual Progress Report)
Months 12-24 (Provided as Appendix Material in 2008 Annual Progress Report)
Months 24-36 COMPILED AND PROVIDED AS APPENDIX C

C. PRESENTATIONS MONTHS 24-36 (COUSSENS, LISA M):
Symposia and Workshops: International
2008 7™ Annual International Congress on the Future of Breast Cancer, Kauai, Hawaii USA
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2008

2008

2008
2008
2009
2009
2009

Cancer Research UK Cambridge Research Institute (CRI) Inaugural Annual Symposium, ‘Unanswered
Questions in the Tumour Microenvironment’, Homerton College, Cambridge UK

5" International Kloster Seeon Meeting, Angiogenesis: Molecular Mechanisms and Functional
Interactions. Kloster Seeon, GERMANY

CANCER RESEARCH UK LECTURE, NCRI Cancer Conference, Birmingham UNITED KINGDOM

5" Intl Kloster Seeon Meeting on Angiogenesis, Munich GERMANY

215" Lorne Cancer Conference, Lorne AUSTRALIA

6" International Symposium on the Intraductal Approach to Breast Cancer, Santa Monica CA USA
STATE-OR-THE-ART LECTURE, International Cancer Conference, CANCER 2009, Dublin IRELAND

Symposia and Workshops: National

2008

2008

2008

2008
2008

2008

2008
2008

2009
2009
2009

2009

KEYNOTE LECTURE, Fox Chase Cancer Center 13™ Annual Postdoctoral Fellow and Graduate Student
Symposium, Philadelphia, PA USA

DOD BCRP Era of Hope Meeting 2008, Symposium Session: Immune and Inflammatory Contributions
to Breast Cancer, AND Era of Hope Spotlight Session, Baltimore MD, USA

AACR Centennial Conference: Translational Cancer Medicine 2008: Cancer Clinical Trials and
Personalized Medicine; Hyatt Regency Monterey in Monterey, CA USA

University of Michigan Comprehensive Cancer Center 2008 Fall Symposium, Ann Arbor MI, USA
AACR Special Conference, Chemical and Biological Aspects of Inflammation and Cancer, Ko Olina
Hawai, USA

International Society for Biological Therapy of Cancer (iISBTc), Workshop on Inflammation in Cancer
Development, Westin Horton Plaza San Diego, CA USA

Skirball Symposium, New York University School of Medicine, New York, NY USA

AACR Special Conference in Cancer Research, Tumor Immunology: New Perspectives; Miami FL,
USA

1% Conference on Regulatory Myeloid Suppressor Cells, Clearwater, FL USA

Keystone Symposium, ‘Extrinsic Control of Tumor Genesis, Vancouver, British Columbia CANADA
Inflammation and Cancer: Novel Aspects of Protumor Immunity, Major Symposium, 100" Annual
Meeting AACR, Denver CO USA

2" Annual Retreat of the CCR-NCI Cancer and Inflammation Program, Gettysburg, PA USA

Invited Lectures/Seminars: International

2008

2009

Institute of Cancer and the CR-UK Clinical Centre, Barts & The London School of Medicine and
Dentistry, London UK
University of South Hampton, UNITED KINGDOM

Invited Lectures/Seminars: National

2008

2009

2009
2009

2009

National Cancer Institute Center for Cancer Research Grand Rounds Series in Clinical and Molecular
Oncology. Bethesda MD, USA

University of Michigan, Oral Health Sciences Program and Biomedical Engineering Seminar Series,
Ann Arbor, Ml USA

Department of Pharmacology, Wayne State University, Detroit, Ml USA

Molecular Biology Seminar Series, Biochemistry and Molecular Genetics, University of Colorado
Health Sciences Center, Aurora, CO USA

National Institutes of Health/National Cancer Institute, Vascular Biology Seminar Series, Bethesda
MD, USA

Presentations (Coussens Lab members):
Brian Ruffell, Ph.D. (Coussens lab, Postdoctoral fellow)

* ‘Role of Cathepsin C During Breast Cancer Metastasis, Brian Ruffell, Ph.D., Breast

Oncology Program Retreat. San Francisco, CA. January 29-30, 2009. Winner of “Best-
in-Show Poster Presentation” Award
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* ‘Immune Regulation of the Breast Tumor Microenvironment’ Dr. Susan Love Research
Foundation, Santa Monica, CA. January 16, 2009

David DeNardo, Ph.D. (Coussens lab, Postdoctoral fellow)
* '‘CD4+ T Cells promote mammary tumor metastasis’. UCSF Immunology Postdoctoral Seminal.
December 2, 2008,

D. PATENTS AND LICENSES: N/A
E. DEGREES OBTAINED: N/A

F. REAGENT DEVELOPMENT:
* Generation of breeding colony of MMTV-PymT mice on the FVB/n strain background

Generation of breeding colony of MMTV-neu mice on the FVB/n strain background

Generation of breeding colony of MMTV-PymT/RAG1" mice on the FVB/n strain background

Generation of breeding colony of MMTV-PymT/CD47/CD8" mice on the FVB/n strain background

Generation of breeding colony of MMTV-PymT/JH” mice on the FVB/n strain background

Generation of breeding colony of MMTV-PymT/cathepsin C” mice on the FVB/n strain background

Generation of breeding colony of MMTV-PymT/CD4" mice on the FVB/n strain background

Generation of breeding colony of MMTV-PymT/CD8" mice on the FVB/n strain background

Generation of breeding colony of MMTV-PymT/RAG1*" mice on the FVB/n strain background

Generation of breeding colony of MMTV-PymT/CD4"/CD8"" mice on the FVB/n strain background

Generation of breeding colony of MMTV-PymT/JH"" mice on the FVB/n strain background

Generation of breeding colony of MMTV-PymT/cathe}osin C*" mice on the FVB/n strain background

Generation of breeding colony of MMTV-PymT/CD4"" mice on the FVB/n strain background

Generation of breeding colony of MMTV-PymT/CD8"" mice on the FVB/n strain background

Generation of primary mammary adenocarcinoma cell line established from day 95 MMTV-PymT

(FVB/n) mouse, i.e., Min#1

» Generation of primary mammary adenocarcinoma cell line established from day 76 MMTV-PymT
(FVB/n) mouse, i.e., Min#2

* Generation of primary mammary adenocarcinoma cell line established from day 110 MMTV-PymT
(FVB/n) mouse, i.e., O1-T1

» Generation of pulmonary metastasis of mammary adenocarcinoma cell lines established from day
110 MMTV-PymT (FVB/n) mouse, i.e., MET#2, #3, and #4

* Generation of pcHRED transfected stable subclone of MET#2 mammary adenocarcinoma
pulmonary metastasis cell line established from day 95 MMTV-PymT (FVB/n) mouse, i.e., MET#2-
pHCRED#1, MET#2-pHcRED#2, MET#2-pHcRED#3

» Generation of a mouse cathepsin C expression vector by insertion of murine cathepsin C cDNA into
pCR2.1 vector

* Generation of breeding colony of IL4Ra™ mice on the FVB/n strain background

« Generation of breeding colony of MMTV-PymT/IL4Ro”” mice on the FVB/n strain background

» Generation of breeding colony of MMTV-PymT/IL4-GFP mice on the mixed FVB/n/C57B6 strain
background

+-

G. FUNDING APPLIED FOR BASED ON WORK SUPPORTED BY ERA OF HOPE:
Months 1-12 (* indicates application was funded)
» *DeNardo DG, 2006. American Cancer Society Postdoctoral fellowship

Months 12-24
 Love S AND COUSSENS LM. 2008, CDMP/DOD, Synergistic Idea Award

Months 24-36 (* indicates application was funded; ** indicates application is pending)
» *Boudreau N and COUSSENS LM, 2009, NIH/NCI P50 CA58207, Bay Area Breast Cancer SPORE,
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Career Development and Developmental Research Awards. Title: Macrophage-Mediated Delivery of
the Breast Tumor Suppressor HoxD10 via Autologous Transfer to Breast Tumors

e *COUSSENS LM, Boudreau N, and Daldrup-Link H, 2008, NIH/NCI RO1CA140943-01. Title: Improved
Imaging and Drug Delivery Using Novel Approaches to Regulate Tissue Perfusion

*COUSSENS LM, 2009, NIH/NCI P01 Title: Reprogramming immune environment in breast cancer via
dendritic cells

* COUSSENS LM, 2008, DoD BCRP W81XWH-08-BCRP-CA, Title: Novel Approach for Enhancing
Delivery of Chemotherapeutics to Breast Cancers

« COUSSENS LM, 2009, DoD BCRP BC087558 Era of Hope Scholar research Award, Title: Novel
Strategies for Improved Diagnostic Imaging and Drug Delivery to Breast Cancers

e COUSSENS LM, Bissell M and Weaver M, 2009 BC087522 Collaborative Innovators Award, Title:
Reciprocal Interactions Between the Tumor Microenvironment, Immune Response and Metabolic State
Regulate Breast Cancer Development

e« **COUSSENS LM and Boudreau N 2009, DoD BCRP BC095507P1 Idea Award, Title: Targeted
Delivery of HoxA5 and Stabilization of the Breast Tumor Microenvironment

 *RUFFEL B, 2008, CDMRP BCRP Postdoctoral Fellowship, Title : Role of cathepsin C during breast
cancer metastasis

 RUFFEL B, 2008, DOD Postdoctoral Fellowship, Title : Role of cathepsin C during breast cancer
metastasis

 RUFFEL B, 2008, National Cancer Institute of Canada Postdoctoral Fellowship, Title: Role of cathepsin
C during breast cancer metastasis

 RUFFEL B, 2008, Canadian Institutes of Health Research Postdoctoral Fellowship, Title: Role of
cathepsin C during breast cancer metastasis

 RUFFEL B, 2008, California Breast Cancer Research Program Postdoctoral Fellowship, Title: Role of
cathepsin C during breast cancer metastasis

H. EMPLOYMENT/RESEARCH OPPORTUNITIES APPLIED FOR: N/A

V. CONCLUSION

Chronic inflammation, a pathological condition resulting from enhanced and sustained migration of leukocytes
into tissue, is now regarded as a promoting force in the majority of all solid tumors in humans. When
leukocytes migrate into damaged tissues, they produce a variety of soluble mediators, including growth factors
and numerous proteases that promote cancer by providing growth and survival factors to initiated neoplastic
cells, regulate proangiogenic programs. Moreover, it is how quite well accepted that subpopulations of these
same leukocytes also possess potent proangiogenic activity as well as immune suppressive capabilities that
block effective anti-tumor T cell responses. Thus, identification of the molecular and cellular pathways that
regulate these two distinct pro-tumor bioactivities would reveal identification of molecules or pathway that could
be targeted to neutralize the pro-growth properties of activated leukocytes, as well as those that suppress
effective anti-tumor T cell immunity. Because tumor-associated myeloid cells are genetically stable cells, they
are less likely to develop drug resistance than cancer cells, and drugs that inhibit selected hematopoietic cell
functions should hold promise for effective anti-cancer treatments. Established tumors represent formidable
opponents that harbor inherent potential for developing drug resistance. Aside from investing in earlier
screening to detect and eradicate premalignant disease, our best hope for minimizing cancer is to develop
combinatorial treatment strategies where intrinsic pathways regulating neoplastic cell survival are targeted, in
combination with therapies effecting extrinsic pathways that neutralize pro-tumor immunity, bolster anti-tumor
immunity and limit or normalize angiogenic blood vessels. Our belief is that a broader understanding of
immune cells and the specific proteolytic molecules they express during will lead to development of novel anti-
cancer treatments.

Previous studies from the Coussens laboratory have demonstrated that inhibition of leukocyte migration
and/or leukocyte-derived proteases into hyperplastic tissue during skin carcinogenesis is sufficient to
significantly decrease tumor incidence’*; thus, indicating that leukocyte recruitment is a functionally significant
parameter of cancer development and that inflammation may be targeted pharmacologically to affect outcome.
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While we have only been experimentally addressing similar questions regarding breast carcinogenesis utilizing
in vivo mouse and in vitro organotypic models for only two-years now, our compelling preliminary data indicate
that indeed, mammary carcinogenesis is similarly susceptible to immuno-modulation as a therapeutic modality.
We have revealed that infiltrating CD4+ T cells alter the primary mammary microenvironment in such a way
that pulmonary metastasis is favored. Our data thus far indicate that infiltrating CD4+ T cells are heavily T2
polarized, and via their secretion of IL-4, regulate macrophage effector function that enables MECs to exit the
primary tumor microenvironment and metastasize to pulmonary locales. While we do not yet know how
cathepsin C plays into this response, the diminished number of pulmonary metastases that form in cathepsin
C-deficient mice emanating from significantly fewer circulating malignant MECs indicates that cathepsin C is
likely exerting its role also within the primary tumor microenvironment. In the next funding period, we will
evaluate how CD4 T cells and cathepsin C modulate the primary tumor microenvironment and/or the
microenvironment in lungs to affect metastasis. The organotypic cultures will be informative here as we can
manipulate them rapidly to reveal mechanisms involved. Together, these studies will provide insight into the
role adaptive immune cells play and how a leukocyte protease, e.g., cathepsin C, together regulate cancer
development that will reveal a potential novel mechanism with which to target tumor cells with anti-cancer
therapeutics. While our novel SPECT RDA molecular probes have been validated in vivo their likely translation
to a clinical tool is limited; thus, we have initiated studies to evaluate if primary monocytes can be utilized as
noninvasive imaging reagents. Our pilot studies indicate this is a feasible approach. We will pursue this route
of investigation to reveal if CD4 T cells and/or selective populations of myeloid cells can similarly be labeled
and imaged noninvasively following their appropriate trafficking back to either primary or metastatic tumors.
These studies will be bolstered by enhanced delivery of high molecular weight imaging compounds following
transient Alk5-blockade, and targeting of contrast agents and/or cell-based therapies tumors.
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Society, and the International Society for Interferon and Cytokine Research, Lisbon, Portugal

5™ International Conference on Tumor Microenvironment, Versailles, FRANCE

PRESIDENT’S PLENARY SESSION: Italian Cancer Society Annual Meeting, Milano ITALY

Spetsai Summer School 2010: From Pluripotency to Senescence: Molecular Mechanisms of
Development, Disease and Ageing. Spetsai, GREECE

Symposia and Workshops: National
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1997
1997
1997

1998
1998
1998

1999
1999
2000
2000
2001
2002
2002
2002

2002
2002

Current Transgenic Technology, B & K Universal, San Mateo, CA, USA

Biology of Proteolysis, Cold Spring Harbor Laboratory, NY, USA

Molecular Biology & Pathology of Neoplasia, AACR, Keystone, CO, USA

Matrix Metalloproteinases, Gordon Research Conference, Proctor Academy, New London, NH,
USA

Proteolysis, Gordon Research Conference, Colby-Sawyer College, New London, NH, USA
Cdlular Targets of Viral Carcinogenesis, AACR Special Conference. Dana Point, CA, USA
Mechanisms of Tumor Growth & Invasion Mediated by Proteolysis, UCSF-Molecular Design
Institute. San Francisco, CA, USA

Tumor Microenvironment, Education Session, AACR Annual Meeting. Philadelphia, PA, USA
Matrix Metalloproteinases, Gordon Research Conference, Colby-Sawyer New London, NH, USA.
Epithelial-Sromal Interactions & Tumor Progression Workshop, National Cancer Inst., Bethesda,
MD, USA

10™ National Conference of the Inflammation Research Association, Hot Springs, VA, USA
‘Meset-the-Expert’ Sunrise Session, AACR Annual Meeting, New Orleans, LA, USA
Chemotherapy of Experimental & Clinical Cancer, Gordon Research Conference, Colby Sawyer
College, New London, NH, USA

Proteolytic Enzymes & their Inhibitors, Gordon Research Conference, Colby Sawyer, New
London, NH, USA

From the Cancer Cell to a Tumor - Tumors as Outlaw Organs, Schilling Research Conference, The
American Cancer Society, Aptos CA, USA

Cancer Intervention 2002, Van Andel Research Institute, Grand Rapids, Michigan USA
Pathobiochemistry B Sudy Section Workshop, Natl. Cancer Institute, Hilton Head, SC, USA
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2004
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2005
2005
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2005
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2005

2005
2005
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Proteases, Extracellular Matrix and Cancer, AACR Special Conference, Hilton Head Island, SC,
USA
ECM and Cancer, Minisymposium, ASCB Annual Meeting, San Francisco, CA, USA
Matrix Metalloproteinases, Gordon Research Conference, Big Sky, Montana, USA
Angiogenesis & Microcirculation, Gordon Research Conference, Salve Regina, Newport R.1., USA
Inflammatory Cells and Cancer, Symposium, American Society of Hematology 2003 Annual
Meeting, San Diego, CA, USA
Validation of a Causal Relationship: Criteria to Establish Etiology, Nationa Cancer Institute,
Cancer Etiology Branch, Washington, DC, USA.
Functional Imaging of Proteolysis, Special Session, ASCB Annual Meeting, San Francisco, CA,
USA
Scleroderma Research Foundation Annual Scientific Workshop, San Francisco, CA, USA
Systems Biology of Cancer: The Tumor as an Organ, Symposium, 95" AACR Annua Meeting.
Orlando, FL, USA
Inflammation and Cancer, Symposium, 95" AACR Annual Meeting. Orlando, FL, USA
Remarkable Role of the Microenvironment in Development and Disease Pathogenesis, Symposium;
Experimental Biology 2004, Sponsored by: the Assoc. of Anatomy, Cell Biology and
Neurobiology, Washington, D.C., USA.
Molecular and Cellular Basis of Disease: Structure and Function of the Extracellular Matrix in
Disease: Novel Roles and Regulation of MMPs and TIMPs in Disease, Symposium; Experimental
Biology 2004, Sponsored by: the Am. Society of Investigative Pathology, the American Society for
Matrix Biology and the North American Vascular Biology organization. , Washington, D.C., USA.
Pacific Coast Protease Workshop, Half Moon Bay, CA, USA.
19" Aspen Cancer Conference: Mechanisms of Toxicity, Carcinogenesis, Cancer Prevention and
Cancer Therapy. Aspen, CO, USA.
Keystone Symposia, The Role of Microenvironment in Tumor Induction and Progression (J5),
Banff, Alberta CANADA
Keystone Symposia, Inflammation and Cancer (B8), Breckenridge, CO, USA
Symposium on Inflammation, Repair and Carcinogenesisin Liver, Pancreas and Colon. UCSF
Liver Center and the Program in Gastrointestinal Cancer of the UCSF Cancer Center, Rohnert Park,
CA, USA
In the Forefront of Advances in Cancer Research, Symposium, 96" AACR Annua Meeting.
Anaheim, CA, USA
Macrophage Symposium, AMGEN, Seszttle, WA, USA
Immune Response to Cancer Symposium, 41% Annual Meeting, American Society Clinical
Oncology (ASCO), Orlando. FL. USA
Phagocyte, Gordon Research Conference, New London, CT, USA
Mouse Models of Human Cancer Consortium, Annual Steering Committee Meeting, New
Brunswick, NJUSA
Matrix Metalloproteinases, Gordon Research Conference, Big Sky, Montana, USA
Annual Buffalo Regional Conference on Immunology, Buffalo, NY, USA
2005 Montagna Symposium on 'Tissue repair - molecular mechanisms and clinical challenges,
Salishan Lodge, OR, USA
4th Annual AACR Conference on Frontiersin Cancer Prevention Research, Baltimore MD, USA
AACR Special Conference, Cancer, Proteases and the Microenvironment, Bonita Springs, Florida.
USA
Timberline Annua Symposium on Epithelia Biology, Intrinsic and Microenvironmental
Regulation of Epithelial Cancer’, Timberline Lodge, Oregon, USA
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2008
2008
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Keystone Symposium, Molecular Targets for Cancer Prevention, Granlibakken Resort, Tahoe
City, CA, USA
Inflammation and Cancer, Symposium, 97" AACR Annual Meeting. Washington, D.C., USA
Lineberger Cancer Center's 30" Annual Scientific Symposium, University of North Carolina,
Chapel Hill, North Carolina, USA
KEYNOTE LECTURE, Vanderbilt-Ingram Cancer Center Retreat 2006, Vanderbilt University,
Nashville TN, USA
Tumor Biology Plenary Lecture, Advances in Neuroblastoma Research 2006, Los Angeles, CA,
USA
Genetic, Cellular and Microenvironmental Determinants of Tumor Progression and Metastasis: A
‘TPM’ Workshop Honoring Martin L Padarathsingh, Ph.D. TPM Study Section Workshop, Natl.
Cancer Ingtitute, Georgetown, VA, USA
ASCO/Federation of European Societies Symposium: Inflammation in Cancer Progression, 2006
ASCO Annua Mesting, Atlanta, GA, USA
AACR Specia Conference, Mouse Models of Cancer, Cambridge, MA, USA
AACR Specia Conference, Tumor Immunology: An Integrated Perspective. Miami, FL, USA
7" AACR-Japanese Cancer Association Joint Conference: In the Forefront of Basic and
Translational Cancer Research, Waikoloa, Hawaii, USA
Keystone Symposium, ‘Mouse Models at the Frontiers of Cancer Discovery’, Whistler, British
Columbia, CANADA
Keystone Symposium *‘ Inflammation and Cancer’, Santa Fe, NM, USA
AAAS Annual Meeting, Healthy Aging: Inflammation and Chronic Diseases Symposium, San
Francisco, CA USA
Tumor Microenvironment and Tumor-Stromal Interactions Workshop: Sponsored by Biogen Idec
Inc., Oncology Discovery Research, San Diego CA USA
American Thoracic Society 2007 International Conference, San Francisco Science: Inflammation,
Immunity and Sgnaling. San Francisco, CA USA
22" Aspen Cancer Conference: Mechanisms of Toxicity, Carcinogenesis, Cancer Prevention and
Cancer Therapy, Aspen CO, USA
Gordon Research Conference, Epithelial Differentiation & Keratinization, Bryant University,
Smithfield, RI, USA
AA