University of Pennsylvania

Annual Progress Report: 2010 Formula Grant

Reporting Period

January 1, 2010 — June 30, 2011

Formula Grant Overview

The University of Pennsylvania received $8,236,620 in formula funds for the grant award period
January 1, 2010 through December 31, 2014. Accomplishments for the reporting period are

described below.

Research Infrastructure Project 1: Project Title and Purpose

Research Infrastructure: Renovation for Laboratory Space for Biological Chemistry - The
purpose of this project is to upgrade and renovate 4186 square feet of laboratory space to
standards appropriate for a 21 century laboratory performing research at the interface between
chemistry and biology. The renovations include outfitting the laboratory space with modern
fume hoods, electric, air-handling as well as the creation of a room for radioactive work and a
dark room for work with light sensitive nucleic acids. The renovated space will be occupied by
researchers from the Chemistry Department whose research includes work at the frontiers of
gene regulation, magnetic resonance imaging, and mechanistic studies of anesthesia.
Renovations will also include the creation of a shared Biochemistry Instrumentation Core
Facility in the Department of Chemistry.

Anticipated Duration of Project
1/1/2011 - 6/30/2012
Project Overview

A total of 4186 square feet will be dedicated to the work of a recently tenured investigator and
will consist of spaces devoted to synthetic chemistry preparations, biological chemistry, student
meeting rooms, light sensitive microscopy and radioactive materials preparation. Renovations
will include updates to the HVAC systems and diffusers to improve airflow in the laboratory,
new wall finishes and floor surfaces, replacement of casework, laboratory benches and shelving,
replacement of fume hoods, and upgrades to the electricity in the rooms to improve power
sources for the equipment to be installed. Work will also include preparations inside of the
laboratory to allow installation of energy recovery systems for the laboratory in the near future
without having to shut down research to allow this work to happen.

Of the total 4186 square feet, 236 square feet will be dedicated to the creation of the
Biochemistry Shared Instrumentation Core Facility. Renovations in this room will include
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replacement of air diffusers to improve airflow in the laboratory, installation of new or
refurbished casework, installation of new benches and shelving and refurbished lighting. The
finished space will include the following equipment: isothermal titration calorimeter, UV-visible
spectrometer, fluorometer, peptide synthesizer, DNA synthesizer, liquid chromatography-mass
spectrometer, fast protein liquid chromatographer and circular dichroism spectrometer. Much of
this equipment is currently dispersed throughout the Department.

This grant will not fund the purchase of any equipment.
Principal Investigator

Richard M Schultz, PhD

Associate Dean School of Arts and Sciences
University of Pennsylvania

116 College Hall

University of Pennsylvania

Philadelphia, PA 19104

Other Participating Researchers
None
Expected Research Outcomes and Benefits

The principal outcome of the present infrastructure project will be to improve the work space
quality of the faculty performing research at the scientific frontier where biology and medicine
intersect the chemical sciences. The improved laboratory space will enable the Department to
retain critical faculty members and will indirectly expand the amount, continuity and quality of
space available to other junior faculty associated with Biochemistry in the Department. These
faculty would not consider working at the University of Pennsylvania without the provision of
adequate laboratory space that meets the highest quality standard.

The Biochemistry Instrumentation Core Facility will contain instrumentation critical to the
research of a large number of groups in the Department of Chemistry.

Summary of Research Completed

Planning: We went through a planning phase that included a) design of the new labs b) redesign
of the new biochemistry shared instrumentation core facility c) demolition of existing fixtures
casework and fumehoods. This was all done in collaboration with the Associate Professor of
Chemistry who is on site and who will operate this space. This project went out to competitive
bid and a contract was awarded. All designs were approved by Penn’s Environmental Health
and Radiation Safety before construction began.

Construction: Demolition of the interior space is now complete and layout of the new
laboratories is underway.
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Research Infrastructure Project 2: Project Title and Purpose

Enhancing Cognitive Neuroscience and Neuroimaging Research at Penn — Research
Infrastructure - In order to support interdisciplinary lines of inquiry related to the areas of
cognition, cognitive neurology, brain imaging, and cognitive neuroscience, the Centers for
Cognitive Neuroscience (CCN) and Functional Neuroimaging (CFN) will be coalesced within
40,000 square feet of newly renovated space at Penn. This multi-phase project — approximately
20,000 sf for Phase 11, which is described in this strategic plan — will unite members of the CCN
who study cognitive effects and defects with members of the CFN who develop the machine and
mathematical interfaces for imaging. The resultant facility will provide access to emerging
technologies and shared resources and dramatically promote collaborative science within the
neurosciences. This facility will also foster the recruitment and development of new faculty and
programs.

Anticipated Duration of Project
3/1/2011 - 6/1/2014
Project Overview

Cognitive neuroscience is a rapidly evolving field with broad consequences for human health
and society. It includes research on normal and abnormal brain development, normal behavior
and the effects of brain injury and disease. It integrates concepts from the study of basic human
cognition, broadly construed to include emotion, with new noninvasive imaging modalities and
other methods to study brain function in healthy subjects and patients with neurological and
psychiatric disorders. Penn has 16 core faculty scientists working on cognitive neuroscience and
neuroimaging in eight different locations scattered across its campus. This multi-phase project
will support the renovation of approximately 40,000 square feet of centrally located space to
support their interdisciplinary research programs and facilitate interaction. An initial phase
which is already underway involves the renovation of two floors (10,000 square feet) of the
Goddard Building for the Center of Cognitive Neurosciences (CCN). This is scheduled for
completion by early 2011. In Phase I, supported by this project, completion of an additional
20,000 square feet will enable us to consolidate all CCN components and to integrate faculty
from the Center for Functional Neuroimaging (CFN) in collaborative research efforts. The long-
term goal and the future project phase of the proposed space will also house key instrumentation
including MRI, EEG/ERP, TMS, testing, and advanced computing, and will dramatically
improve the quality of lab space for many of the faculty who currently carry out their research
under substandard conditions.

The University of Pennsylvania is one of the nation’s premier biomedical research institutions
and neuroscience has been a strategic focus of Penn’s interdisciplinary research efforts for over
five decades. This new Center for Cognitive Neuroscience and Neuroimaging will unite Penn’s
talented faculty in a highly collaborative, multi-method research facility enabling them to
explore the emerging frontiers of cognitive neuroscience as it relates to human health and
disease. This project will also create a geographical focal point on the medical campus for
clinical researchers to access collaboration and training in cognitive neuroscience and increase
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energy efficiency and reduce environmental impact of a national landmark research building
complex.

Principal Investigator

Glen N Gaulton, PhD

Executive Vice Dean and Chief Scientific Officer
University of Pennsylvania

School of Medicine

354 BRB II/111

421 Curie Blvd

Philadelphia PA 19104-6160

Other Participating Researchers
John A. Detre, MD, H. Branch Coslett, MD — employed by University of Pennsylvania
Expected Research Outcomes and Benefits

This project will support the renovation of approximately 20,000 square feet of centrally located
space to coalesce and expand the interdisciplinary research programs of the Center for Cognitive
Neuroscience (CCN) and the Center for Functional Neuroimaging (CFN). Over the years these
two complementary Centers have grown in faculty number, and flourished in terms of research
productivity, external funding, and intellectual leadership. However, they have flourished despite
suboptimal research facilities and geographic fragmentation that has made collaboration
challenging and has limited further programmatic growth. To fully benefit from Penn’s extensive
intellectual resources in cognitive neuroscience, as well as to attract the best new faculty and
trainees, Penn seeks to create an environment that more effectively supports this essential
multidisciplinary collaboration.

An exceptional opportunity to realize this synthesis of scientific team, research target, and
methodological technique now presents itself. With strong support of both University and School
of Medicine leadership, the proposed project will integrate the faculty, research laboratories, and
infrastructure of the CCN and the CFN to form a world-class neurobehavioral research institute
with multidisciplinary expertise in an extremely interactive and collaborative environment. The
major need is for contiguous space to accommodate 16 principal faculty and their associates
including graduate students, postdoctoral fellows, research faculty and administrative staff, along
with seminar space and associated dry lab facilities for testing neurological and psychiatric
patients.

Evaluation of this project will be based on two sets of criteria: (1) the successful construction of
research space in support of the mission and goals of the Penn Center for Cognitive
Neuroscience and Neuroimaging; and (2) the number of extramural sponsored projects awarded
to Center investigators.
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Summary of Research Completed
Consultants were selected for implementation of design documents

Research Project 3: Project Title and Purpose

Control of Somatic Stem Cell Potency and Tumorigenesis by Musashi RNA Binding Proteins -
Mammalian genetic studies have suggested an interconnection between mechanisms governing
the symmetry of cell division, somatic stem cell potency, and cancer progression. The Msi RNA
binding proteins govern asymmetric cell division and have been implicated in stem cell potency
and tumorigenesis in the hematopoietic system, providing a potential link between these
processes. In the intestine, Msi proteins are expressed in putative stem cell compartments where
asymmetric cell division is observed and in colorectal cancers. We propose to determine the
functional contribution of Msi proteins to the progression of colorectal cancer. Gain and loss of
function approaches for Msi proteins in a murine model of colorectal cancer will provide a
foundation for determining the clinical value of Msi proteins as diagnostic markers and
therapeutic targets.

Anticipated Duration of Project
1/1/2011 - 12/31/2013

Project Overview

The drosophila RNA binding protein musashi and its mammalian orthologs Msil and Msi2 have
been shown to govern asymmetric cell division as well as stem cell potency and tumorigenesis in
the hematopoietic system, potentially providing a common link between these three processes. In
the intestine, Msi proteins are expressed in putative stem cell compartments where asymmetric
cell division is observed in homeostatic tissue. Activating mutations in the Wnt signaling
pathway initiate the progression of colorectal cancer and abrogate the observed asymmetric
mitoses. Here we propose to determine the functional contribution of Msi proteins to the onset
and progression of colorectal cancer. Both gain and loss of function approaches for Msil and
Msi2 will be used in a murine model of colorectal cancer driven by activating Wnt mutations in
intestinal stem cells. Drug-inducible ectopic Msil and Msi2 expression in the intestine will
determine the oncogenic capacity of Msi proteins, and conditional deletion of Msil and Msi2
both broadly and in tumor-initiating stem cells at the onset and during the progression of
colorectal cancer will precisely determine the contribution of these genes in this stem cell-driven
disease. Our findings will provide novel and valuable insight into the mechanisms by which
regulators of asymmetric cell division impact both epithelial stem cell function and oncogenic
transformation and will provide a foundation for determining the clinical value of Msi proteins as
diagnostic markers and therapeutic targets.
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Principal Investigator

Christopher J. Lengner, PhD

Assistant Professor

University of Pennsylvania School of Veterinary Medicine
3800 Spruce Street

Philadelphia, PA 19104

Other Participating Researchers
Zhenquan Yu, PhD — employed by University of Pennsylvania
Expected Research Outcomes and Benefits

Based on our prior knowledge that Msi is a critical regulator of asymmetric cell division and
neuronal stem cell fate in Drosophila melanogaster coupled with our published findings in the
hematopoietic system where we demonstrate that Msi2 is a potent cooperative oncogene that
promotes a stem cell-like phenotype in both human and mouse models of leukemia, we believe
that there is a high likelihood that Msi proteins play an important role in the ontogeny of human
colorectal cancers. Our preliminary results demonstrate that, when ectopically expressed in
normal intestinal epithelium, Msil rapidly activates powerful oncogenic pathways known to
contribute to colorectal cancer progression. Further, the observation of functional redundancy of
the two Msi proteins in neural progenitors couple with our observations that both family
members are coexpressed in the intestinal crypt strongly suggest that these proteins play a critical
role in the biology of the intestinal stem cell compartment. These observations provided the
impetus for generation of the dual-Msi conditional mouse models that we will employ in this
project. The fidelity of the APC™"* model in mimicking progression of the human disease also
gives us confidence that any functional requirement uncovered for Msi proteins in colorectal
oncogenesis will be applicable to the human disease. These proposed studies will therefore
begin to determine the potential use of Msi proteins as diagnostic and/or therapeutic targets and
the mouse models developed for this project will provide a powerful platform for potential
testing of diagnostic and therapeutic agents in the future.

Summary of Research Completed

In aim 1 we proposed to determine the expression of the two mammalian Msi RNA binding
proteins, Msil and Msi2 in normal murine intestinal epithelium and intestinal epithelial
transformed by loss of heterozygosity at the APC locus in the APC™™* mouse model of
colorectal cancer. We have validated a series of antibodies specific to Msil or Msi2 and have
confirmed previous findings that Msil expression is localized to the Lgr5+ crypt base columnar
stem cells. We confirmed the specificity of this staining using the Msi1™™ Villin-CreER mouse
model generated in our lab in which Msil is genetically ablated in response to Tamoxifen-
induced activation of Cre recombinase. As expected, tamoxifen treatment resulted in a loss of
Msi staining in the Lgr5+ cells. The loss of Msil immunoreactivity in the intestinal epithelium
from these mice also demonstrates the functionality of our Msi1"™™ conditional mouse model,
confirming predictions based on the genomic structure of the recombined locus. Remarkably,
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we observed that the second Msi family member, Msi2 was expressed primarily in the Paneth
cells that reside alongside the Lgr5+ stem cells and constitute a niche that supports their
multipotency and self-renewal. These observations provide the foundation for interpreting the
experiments outlined in the subsequent specific aims.

We also wanted to determine the expression of Msi proteins in transformed tissue. To this end,
we have established a colony of APC™"* mice (a well established murine model of human
colorectal cancer progression) and are beginning to isolate tissue. We will perform staining for
Msi in intestinal polyps, microadenomas, and adenomas/adenocarcinomas in older mice. In an
extension of this specific aim, we have also begun to analyze Msi family expression in human
colorectal cancers. Analysis of published microarray profiles of patient tumor samples from a
variety of cancers of the gastrointestinal epithelium indicates that Msi proteins are broadly
overexpressed in all of these cancers, with individual patients exhibiting overexpression of Msil
or Msi2 in comparison to non-transformed control tissue. Very few patient samples exhibited
overexpression of both family members, suggesting that high activity of either family member
may be sufficient to confer a growth/survival advantage to transformed cells.

The goal of specific aim 2 was to determine the potential oncogenicity of Msi proteins in the
intestinal epithelium in vivo. Our preliminary data demonstrated that ectopic expression of Msil
in the intestinal epithelium driven by a single-copy doxycycline-inducible transgene results in the
activation of several oncogenic signature pathways. We therefore examined the phenotypic
consequences of this oncogenic gene expression signature histologically. Ectopic Msil activity
resulted in dramatic changes to the crypt-villus structure within 48hrs; villi became blunted and
exhibited a lack of any detectable differentiated cell types, however markers of long-lived Paneth
cells in the crypts were still detectable. Crypts became dysplastic and began to undergo what
appeared to be crypt fission. Concomitantly, there was a dramatic expansion of the proliferative
zone marked by Ki67-positive cells, normally restricted to the intestinal crypt and transit-
amplifying zone. We also observed an increase of apoptosis near the tip of the villi indicating
that rapidly proliferating undifferentiated cells were dying and being shed into the lumen. The
absence of differentiated cells in these intestines is consistent with phenotypic dehydration
observed approximately 48-72hrs after Msi activation. Withdrawal of doxycycline after 48hrs
resulted in a complete reversal of the phenotype, including a restoration of functional cell
differentiation and re-establishment of a normal crypt-villus axis. This demonstrates that the
Msil-transformed cells retain their developmental potential and are likely stem cells. This
phenotype is consistent with the previously observed oncogenic gene expression signatures and
together these data demonstrate that Msil has potent oncogenic properties in the intestinal stem
cell and that ectopic Msil activity alone is sufficient to drive disease in vivo.

The widespread induction of Msil was not compatible with experimental timecourses longer
than 3 days due to rapid dehydration. We are therefore in the process of generating a more
inefficient and inducible system to determine if prolonged Msil expression initiated in a single
cell can drive clonal expansion resulting in a more tractable model of colorectal adenocarcinoma.
Additionally, we have performed preliminary experiments with Msi2-inducible mice, including
initial microarray processing and collection of histological samples. Analysis of this material is
ongoing.
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We have also made considerable progress in identifying targets of Msil RNA-binding activity
using RNA immunoprecipitation coupled with massively parallel sequencing (CLIP-Seq). We
have immunoprecipitated RNA bound to Msil in both wildtype crypts and in transformed
epithelium overexpressing Msil. Sequencing libraries were generated and an initial test sample
was sequenced using the lllumina HiSeq platform. Preliminary analysis confirms our previously
observed Msil-RNA interactions using CLIP-Chip and indicates that Msil interacts with a
number of non-coding RNAs in addition to messenger RNAs. _

In aim 3 we propose to determine the effects of Msi inactivation during APC™"-driven
tumorigenesis. This aim requires the generation of complex mouse strains harboring anywhere
from 4 to 6 independent alleles, including Msi1™™Villin-CreER/APC™"* and Msi1™™ Msj2"¥™
Villin-CreER APC™"* mice. Breeding is successfully ongoing and is projected to yield
experimental mice within 2-3 generations.

Research Project 4: Project Title and Purpose

Translational and Personalized Genomics of Inherited Retinal Degenerations - Inherited retinal
degenerations (IRDs) are important causes of blindness. Over 190 different types of IRDs have
been identified by clinical and genetic studies. However, we hypothesize that the identified
mutations account for only ~50% of patients with these disorders. The purpose of this project is
to use next-generation sequencing (NGS) approaches to test the hypothesis that novel IRD
disease genes contribute to genetic causes of blindness, and to test the hypothesis that the
pathogenesis of retinitis pigmentosa is caused by mutations in RNA splicing factors, with the
long term goal of developing genetic therapies for these blinding disorders.

Anticipated Duration of Project
1/1/2011 — 12/31/2014
Project Overview

The goals of this project are to test the hypothesis that novel unidentified mutations underlie at
least 50% of known genetic cases of blindness, and to test the hypothesis that retinitis
pigmentosa (RP), a type of IRD, is caused by mutations in genes that encode RNA splicing
factors. The specific aims are:

Specific Aim 1. Discover novel gene mutations that underlie IRD. The disease genes for ~50%
of patients with IRDs remain to be identified. In this Aim we will test the hypothesis that next-
generation sequencing (NGS) techniques will facilitate both genetic diagnosis and disease gene
discovery in IRD patients. We propose to use selective exon capture and whole exome capture —
NGS approaches to identify disease genes in several cohorts of IRD patients. Preliminary
experiments using this approach have been successful, with genetic diagnoses achieved for
several patients.

Specific Aim 2. Identify the role of RNA Splicing Factor in the pathogenesis of RP. The splicing
factors affected in the RNA splicing factor forms of RP, pre-mRNA processing factor (PRPF) 3,
PRPF8, PRPF31 and SNRNP200 are highly conserved components of the spliceosome, the
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complex which excises introns from nascent RNA transcripts to generate mature mRNAs. Since
RNA splicing is required in all cells, it is not clear how mutations in these ubiquitous proteins
lead to retina-specific disease. In this Aim, we will use NGS-based transcriptome analyses to test
the hypothesis that mutations in RNA splicing factors cause disease via the generation of
aberrant transcripts in the retina and/or retinal pigment epithelium (RPE). We will use three
knockin mouse models of the RNA splicing factor forms of RP, and human iPS-derived RPE
cells from patients with these disorders for these studies.

Principal Investigator

Junhyong Kim, PhD

Co-Director, Penn Genome Frontiers Institute
University of Pennsylvania

415 S. University Ave.

Philadelphia, PA 19104

Other Participating Researchers

Eric Pierce, MD, PhD, James Eberwine, PhD, Jeanne Geskes, BS, Davinder Sandhu, BS, Aaron
Goodman, BS, Alex Chekholko, BS, Jean Bennett, MD, PhD, Elizabeth Au, BS, Juan Carlos
Perrin, BS — employed by University of Pennsylvania.

Xiaowu Gai, PhD — employed by Children’s Hospital of Philadelphia.

Expected Research Outcomes and Benefits

The completion of this project will help identify novel genetic causes of inherited retinal
degenerative (IRD) diseases that lead to blindness. It will also help identify the mechanistic basis
of a key subset of retinal degenerative diseases: retinitis pigmentosa. Increasing evidence points
to genetic causes of blindness through retinal degeneration. For example, it has been estimated
that 75% of macular degeneration, a disease that affects 10 million people a year in the US, has
genetic causes. Approximately 190 mutations have been identified that underlie IRD. The results
of this study will greatly increase the known mutations that underlie IRD and help develop
therapeutic strategies. Retinitis pigmentosa (RP) affects 100,000 people a year in the US. It is
currently an incurable disease but its onset and rate of degeneration is highly variable among
individuals. While genetic studies have implicated mutations in splicing factors, the precise
mechanism by which such ubiquitous molecules play a role in specific eye disease is not known.
The results of this study are expected to help identify splicing patterns related to RP that will
help determine the specificity mechanism. The results will help dissect pathogenicity mechanism
and in the long term aid the development of therapeutic agents.

Summary of Research Completed
Specific Aim 1. The Genetics of Inherited Retinal Degenerations

The disease genes for ~50% of patients with IRDs remain to be identified. The goal of this Aim
is to test the hypothesis that NGS techniques will facilitate both genetic diagnosis and disease
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gene discovery in IRD patients. We are using selective exon capture and whole exome capture —
NGS approaches to identify disease genes in several cohorts of IRD patients.

Selective exon capture - We are using exon capture and lllumina sequencing to screen IRD
patients for mutations in novel PSC genes. In this reporting period, we have performed these
analyses for 25 patients with recessive IRD using a selective exon capture for 153 known IRD
disease genes, and 596 novel PSC genes. These analyses lead to the identification of the genetic
diagnosis for 16 of the 25 patients. In several cases, pathogenic mutations were identified in IRD
disease genes typically associated with phenotypes distinct from those displayed by the affected
patients. For example, a 7 year old with chorioretinal atrophy similar in appearance to gyrate
atrophy was found to have two null mutations in NRL, a gene usually associated with dominant
retinitis pigmentosa.

Exome sequencing for disease gene discovery - We are using exome sequencing of families that
do not have mutations in known IRD disease genes or the 596 novel PSC genes in our selective
exon capture experiment to identify novel IRD disease genes. To date, we have sequenced
exomes from 8 families with RP and LCA. Results obtained to date from these studies suggest
the identification of a novel LCA gene in one of these families. Functional analysis of the
variant detected in this family shows that it results in loss of function of the enzyme encoded by
the putative novel disease gene. In collaboration with Dr. Marni Falk, we have also sequenced
the exomes of two families with retinal degeneration associated with mitochondrial disease, and
identified a novel disease gene in one of these families.

Bioinformatics - The informatic pipeline developed in collaboration with Dr. Xiaowu Gai to
analyze the exon and exome capture data is performing beautifully. Independent sequencing of
detected variants has demonstrated a >95% validation rate. For example, we are using data from
the RNA-Seq analyses of human retina (see Aim 2 below) to filter exome data for genes
expressed in the retina.

Specific Aim 2. The Pathogenesis of RNA Splicing Factor RP

The splicing factors affected in the RNA splicing factor forms of RP, pre-mRNA processing
factor (PRPF) 3, PRPF8, PRPF31 and SNRNP200 are highly conserved components of the
spliceosome, the complex which excises introns from nascent RNA transcripts to generate
mature mMRNAs. Since RNA splicing is required in all cells, it is not clear how mutations in
these ubiquitous proteins lead to retina-specific disease. In this Aim, we are using RNA-Seq
transcriptome analyses to test the hypothesis that mutations in RNA splicing factors cause
disease via the generation of aberrant transcripts in the retina and/or retinal pigment epithelium
(RPE). We are using three knockin mouse models of the RNA splicing factor forms of RP, and
human iPS-derived RPE cells from patients with these disorders for these studies.

During the reporting period, we have performed RNA-Seq analyses on multiple tissue samples
from Prpf3, Prpf8 and Prpf31 mutant mice. We have also performed RNA-Seq analyses on
three human retina samples, and iPS-derived RPE cells from a patient with RNA splicing factor
RP. Analyses of these data are in progress.

Pennsylvania Department of Health — 2010-2011 Annual C.U.R.E. Report
University of Pennsylvania — 2010 Formula Grant — 10



Bioinformatics - The RNA-Seq Unified Mapper (RUM) analysis pipeline that we developed in
collaboration with Dr. Greg Grant for this project is also working well. For example, the RUM
pipeline identified 10,000s of novel splicing events in normal human retinal transcriptome,
including dozens of novel coding exons in known IRD disease genes.

Research Project 5: Project Title and Purpose

Pharmacogenetics of Nicotine Addiction - In this prospective pharmacogenomic trial of different
smoking cessation treatments, we will: (a) examine whether a genetically informed biomarker of
nicotine metabolism rate predicts medication response; and (b) test whether pretreatment a432*

neuronal nicotinic acetylcholine receptor availability predicts smoking cessation and medication
response.

Anticipated Duration of Project
7/1/2011 - 3/30/2014
Project Overview

Broad objective: To validate pretreatment biomarkers to predict response to different treatments
in individual smokers, and ultimately to utilize these markers in treatment selection.

Aim 1) To conduct a prospective stratified pharmacogenetic (PGx) trial of alternative therapies
for smoking cessation. Smokers will be randomized prospectively to treatment within two NMR
strata: slow metabolizers (SMs) versus normal metabolizers (NMs). Treatment arms within each
stratum will include: placebo (PLA), transdermal nicotine 21mg (TN; the most widely used
treatment/low cost and low risk option), and varenicline 1mg bid (VAR; the most efficacious
treatment/higher cost and increased risk option).

Aim 2) To examine whether pretreatment neuronal nicotinic acetylcholine receptor availability
predicts smoking cessation and treatment response. Within the prospective stratified clinical
trial, we will perform pretreatment positron emission tomography (PET) to assess a4p2*
neuronal nicotinic receptor availability during abstinence in slow and normal metabolizers. We
will determine whether binding potential predicts response to different smoking cessation
treatment, testing for both additive and interacting effects of the NMR.

This is a prospective stratified placebo-controlled clinical trial of alternative therapies for
smoking cessation treatment. In the overall trial, 1,350 treatment-seeking smokers (675 slow
metabolizers [SM] and 675 normal metabolizers [NM]) will be randomized to: (1) placebo
(PLA) (placebo pill/placebo patch), (2) transdermal nicotine (TN) (placebo pill/active patch); or
(3) varenicline (VAR) (active pill/placebo patch). Treatment will last for 11 weeks post-target
quit date (varenicline or matching placebo will be initiated one week prior to the target quit
date). Prior to the initiation of treatment, we will perform a structural MRI scan plus a single
positron emission tomography (PET scan) with 48 smokers (16 per treatment arm). We will
measure a4f2* receptor availability using the PET radio-ligand 2-[*®F]FA. For this assessment,
smokers will be overnight (>14 hours) abstinent (biochemically confirmed CO <15ppm). They
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will come to the PET Center and be injected with the 3-6 mCi radiotracer (50% bolus followed
by 50% continuous infusion). After the radiotracer has reached steady state (about 3 hours), they
will be scanned for 1 hour (baseline), then receive an intravenous nicotine injection (1 mg/70kg;
maximum 1.2 mg), and then be scanned for 1 additional hour. The primary clinical outcomes are
biochemically verified smoking cessation at the end of treatment and 6 months following the
target quit date.

Principal Investigator

Caryn E. Lerman, PhD

Professor, Department of Psychiatry
University of Pennsylvania
Tobacco Use Research Center

3535 Market Street, Suite 4100
Philadelphia PA 19104

Other Participating Researchers
Riju Ray, MBBS, PhD, Paul Wileyto, PhD — employed by University of Pennsylvania
Expected Research Outcomes and Benefits

This placebo-controlled randomized clinical trial aims to validate novel biomarkers for targeted
therapy for smoking cessation. We will identify slow and normal nicotine metabolizers based on
the pretreatment nicotine metabolite ratio (3 hydroxycotinine/cotinine; NMR) and randomize
them to receive behavioral counseling plus placebo, nicotine patch, or varenicline. In addition to
predicting treatment response based on NMR status, the proposed study will examine whether
pretreatment differences in neuronal nicotinic acetylcholine receptor availability (a4p2*
receptors) predict quitting success with different therapies. A primary outcome of this research
may be a validated test to tailor smoking cessation treatment to individual differences in nicotine
metabolism rate. In addition, by studying effects of abstinence on nicotinic receptor availability
and relating this measure to quitting success, we may be able to identify a brain biomarker of
likely treatment response. Ultimately, we plan to combine the pretreatment metabolic and
receptor occupancy data to identify patients most and least likely to benefit from different
tobacco dependence treatments.

Summary of Research Completed

The project did not start by the end date of the reporting period and no funds have been
expended. Therefore, there are no results to report at this time.

Research Project 6: Project Title and Purpose

Therapeutic Response in Genetically Engineered Mouse Models - We will measure changes in
the apparent diffusion constant using diffusion MRI. Diffusion weighted MRI imaging has been
shown to be sensitive in monitoring early response to therapy and is sensitive to changes in
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extracellular water. In this aim, the apparent diffusion constant (ADC) will be quantified in a
panel of mammary tumors arising in a conditional bitransgenic system for mammary tumor
development before, and at increasing intervals after, oncogene down-regulation and tumor
regression.

Anticipated Duration of Project
7/1/2011 - 12/31/2013
Project Overview

We have demonstrated that ongogenic Ras mutations or p53 deficiency, frequent genetic
alterations in a broad spectrum of human malignancies; produce an increased reliance on the
ATR-Chk1 pathway for genome maintenance and long-term cell viability. We have furthermore
demonstrated that loss of genome stability following ATR suppression generates an elevated
demand for DNA double strand break responses mediated by ATM, which recently has also been
shown to be frequently mutated in a variety of human cancers. In this project, we describe
experiments to examine the combinatorial effects of these common cancer-associated somatic
mutations on their ability to increase demand on the ATR pathway for genome maintenance, to
further interrogate the mechanisms underlying these dependencies, and to test whether
hypomorphic suppression of the ATR-Chk1 pathway will limit the progression of two murine
models of cancers, specifically p53-deficient acute myeloid leukemia (MLL-ENL and p53™
AML-ETO) and Kras®**°-driven lung adenocarcinoma. These experiments will determine
whether ATR-Chk1 pathway suppression could provide an effective treatment for these cancers
in humans and may imply similar treatment approaches for a variety of other malignancies
associated with these common somatic mutations.

Studies on tumor progression typically necessitate that animals be sacrificed to perform tissue
and molecular analysis. This prevents researchers from observing in vivo the natural or perturbed
evolution of the processes under study. As a consequence, repetitive studies of tumors using
functional, molecular, and morphologic quantitative imaging techniques has the potential to
serve as an important tool for providing data about biochemical, genetic and pharmacological
processes in the same animal over time in vivo. As such, an additional aim of this project will
address this need by determining whether serial MRI can be used to measure tumor response to
therapy. Specifically, we will measure changes in the apparent diffusion constant using diffusion
MRI. Diffusion weighted MRI imaging has been shown to be sensitive in monitoring early
response to therapy and is sensitive to changes in extracellular water. In this aim, the apparent
diffusion constant (ADC) will be quantified in a panel of mammary tumors arising in a
conditional bitransgenic system for mammary tumor development before, and at increasing
intervals after, oncogene down-regulation and tumor regression.

Principal Investigator
Lewis A. Chodosh, MD, PhD

Professor and Chair, Department of Cancer Biology
University of Pennsylvania School of Medicine
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Department of Cancer Biology
612 BRB 1I/111

421 Curie Blvd.

Philadelphia, PA 19104-6160

Other Participating Researchers
Eric J. Brown, PhD — employed by University of Pennsylvania
Expected Research Outcomes and Benefits

Although cell culture models can be valuable, validation of therapeutic benefit requires the use
of mouse models that emulate the genetic characteristics of human cancers. Our preliminary
studies indicate the existence of a therapeutic window for ATR-Chk1 suppression in cancer
treatment. Thus, we predict some level of tumor reduction upon ATR pathway suppression and
that this effect will not be limited by degeneration of critical tissues. Therefore, these model
systems will be useful in identifying the optimal genetic contexts for applying ATR-Chk1
inhibition in personalized therapy and ultimately may be also applied to investigating the
compensatory resistance pathways that may affect long-term benefit. The human diseases
emulated by these mouse models collectively account for approximately 170,000 deaths per year.
In addition, oncogenic mutations in Ras, c-Myc amplification and p53 loss-of-function mutations
are prevalent in these cancers and in other malignancies, including colon, pancreatic, breast, and
ovarian cancers. Patients suffering these diseases generally have few treatment options.
Therefore, the development of effective treatments for even a small fraction of these cases will
have a significant impact.

Similarly, we anticipate that the application of non-invasive imaging techniques will enable the
serial analysis of critical aspects of tumor progression and response to therapy that cannot be
provided by longitudinal cross-sectional analysis of tumor-bearing populations. As such, this
research project has the potential to provide an important window into the rapid identification of
effective molecularly targeted agents, and to thereby facilitate the application of personalized
medicine approaches that take advantage of the molecular and genetic heterogeneity of cancers.

Summary of Research Completed

The project did not start by the end date of the reporting period and no funds have been
expended. Therefore, there are no results to report at this time.

Research Project 7: Project Title and Purpose

The Unfolded Protein Response in Cancer - The purpose of this project is to identify novel
points within the neoplastic process that can be attached through the development of novel
therapeutics. The experiments described will provide proof-of-principle data supporting these
novel concepts.
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Anticipated Duration of Project
7/1/2011 - 12/31/2011
Project Overview

Tumor progression in the face of a stressful microenvironment requires the tumor cells to acquire
or utilize intrinsic adaptive strategies to circumvent host-mediated eradication. The identification
of pathways that tumors are critically dependent upon for growth will facilitate the generation of
new drug targets that will provide more effective and less toxic therapeutics. It is the
overarching hypothesis of this multi-investigator program that the Unfolded Protein Response
(UPR)/Integrated Stress Response (ISR), and specifically PKR-like ER kinase (PERK) plays a
pivotal role in mediating tumor progression through its capacity to regulate and engage key
cellular adaptive pathways. Three projects have been developed that will address molecular
mechanisms of PERK-dependent tumor adaptive strategies including regulation of oncogene-
induced autophagy, activation of a key regulatory microRNA that mediates expression of key
apoptotic genes and suppression of cellular response to growth inhibitory cytokines. The
investigation of these processes will utilize cutting edge systems/approaches, and their execution
is expected to have a high impact on efforts to identify novel therapeutic targets. The completion
of these projects will result in (a) 3 additional collaborative publications (b) key preliminary data
needed to support a PO1 submission.

Principal Investigator

J. Alan Diehl, PhD

Professor, Director and Investigator

Abramson Family Cancer Research Institute and Cancer Center
University of Pennsylvania, School of Medicine

454 BRB 1I/11

421 Curie Blvd.

Philadelphia, PA 19104-6160

Other Participating Researchers

Constantinos Koumenis, PhD, Serge Y. Fuchs, MD, PhD — employed by University of
Pennsylvania

Expected Research Outcomes and Benefits

These studies are expected to determine the role of unfolded protein responses in evasion of anti-
cancer defenses by tumor cells under the conditions of tumor microenvironment.

This project will lead to identification of novel regulators of UPR and shed light into yet
unknown mechanisms by which these regulators affect the development of cancers. Accordingly,
this knowledge may help to devise the means for preventing either the conversion of benign to
malignant tumors or recurrence of primary tumors that have been surgically removed.
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This new knowledge should jumpstart important programs for developing modulators of
UPR/ISR responses (for example, inhibitors or modulators of PERK activity) as novel and potent
anti-cancer drugs.

Summary of Research Completed

The project did not start by the end date of the reporting period and no funds have been
expended. Therefore, there are no results to report at this time.

Research Project 8: Project Title and Purpose

Identifying Genetic Determinants of Mammographic Density - Mammographic density is one of
the strongest known predictors of breast cancer risk, but its basis is largely unknown. The
realization that mammographic density is primarily determined by genetic factors, rather than
reproductive endocrine events, suggests that the genetic pathways that control mammographic
density may reflect entirely novel pathways and mechanisms of breast cancer susceptibility.
Identifying the genes that control mammaographic density would be enabled by a validated
animal model for the effect of genetics on mammaographic density. The objective of this pilot
project is to validate a rat model for the genetic effects of mammographic density on breast
cancer risk using in vivo and ex vivo imaging in combination with inbred strains of rats with
differing intrinsic susceptibilities to breast cancer.

Anticipated Duration of Project
7/1/2011 - 12/31/2012
Project Overview

This study will use microCT to radiographically image mammary tissue from different inbred
strains of rats that differ in their intrinsic susceptibility to breast cancer. The specific aims of this
project are to: 1) develop reproducible in vivo and ex vivo microCT measures of mammographic
density in rats; 2) determine intra-animal and inter-animal variability in microCT mammographic
density within a rat strain; 3) determine inter-strain variability in mammographic density to
identify strains with high versus low density; and 4) identify tissue-based correlates of
mammographic density. These validation studies would enable a large-scale genetic analysis of
mammographic density among offspring from a backcross between an F1 hybrid of a low-
density and a high-density rat strain.

Principal Investigator

Katrina Armstrong, MD, MSCE

Professor, Department of Medicine

University of Pennsylvania School of Medicine
Department of Cancer Biology

1233 Blocklely
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416 Curie Blvd.
Philadelphia, PA 191904-6021

Other Participating Researchers

Lewis A. Chodosh, MD, PhD, Andrew D. Maidment, PhD, Despina Kontos, PhD — employed by
University of Pennsylvania

Expected Research Outcomes and Benefits

Identifying the genes that control mammaographic density would be enabled by a validated
animal model in which mammographic density can be related to genetic background and breast
cancer risk. While animal models have proven to be extraordinarily powerful tools for
understanding human disease, there is currently no animal model for mammographic density and
no studies in animal models that have attempted to relate variation in mammographic density
with differences in breast cancer susceptibility. However, in order to perform such a mapping
study, critical proof-of-principle experiments are required to validate the model and quantitative
approach. This project is intended to enable those studies. We anticipate that the studies
proposed in this project will provide a validated rat model for the genetic determination of
mammographic density and breast cancer risk. As such, this research project has the potential to
provide a unique and important tool for mapping genes that control breast cancer susceptibility.
The identification of such genes, in turn, has the potential to lead to the development of more
effective molecularly targeted agents for the treatment or prevention of breast cancer.

Summary of Research Completed

The project did not start by the end date of the reporting period and no funds have been
expended. Therefore, there are no results to report at this time.

Research Project 9: Project Title and Purpose

Personalized Cancer Vaccines and Somatic Tumor Mutations - The purpose of this project is to
understand whether personalized cancer vaccines can be based on the identification of somatic
mutations on individual tumors.

Anticipated Duration of Project

7/1/2011 -12/31/2013

Project Overview

In the last two decades, intense clinical experimentation has maximized the benefits of

chemotherapy for most solid tumors. However, cancer mortality remains considerably high,
especially in adults, creating a pressing need for additional therapies.
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Cancer immunotherapy has made significant advances in the last two decades, with three
randomized, multi-center, double-blind, controlled phase Il1 clinical trials reporting positive
results this year in follicular non-Hodgkin's lymphoma, melanoma and prostate cancer. However,
additional optimization is needed. One limitation of currently used monovalent vaccines
targeting a single cancer protein is that they can select for immune escape tumor variants. Whole
tumor antigen vaccines have consistently outperformed single-target immunotherapy in early
phase clinical trials, but they carry an overwhelming amount of “self” antigens, which could
dampen immunogenicity, or vice versa, markedly increase the risk of autoimmunity, if immune
therapy becomes potent enough with the advent of immune modulation. Developing polyvalent
tumor vaccines comprised uniquely of cancer-specific proteins should thus maximize cancer
vaccine efficacy and safety. However, the specific tumor-rejection antigens remain to date
unknown for most solid tumors.

Recent deep sequencing analyses have revealed that solid tumors harbor numerous somatic
mutations, most of which differ among tumor specimens even within the same tumor type. We
hypothesize that somatic missense point mutations acquired by tumor cells result in the
expression of aberrant ‘non-self” protein products, which are tumor rejection antigens. We
further hypothesize that effective therapeutic immunization with whole tumor antigen vaccines is
mediated in part through a potent response against these unique mutated proteins. This proposal
will test this hypothesis. We propose the following two aims:

Aim 1. Identify and validate somatic missense point mutations in advanced ovarian cancer using
next generation high throughput sequencing.

Aim 2. Identify immunogenic somatic missense point mutations attacked by vaccine-induced T
cells in patients undergoing whole tumor antigen vaccine.

Principal Investigator

George Coukos, MD, PhD

Professor

University of Pennsylvania

Biomedical Research Building I1/111, Rm 1315
421 Curie Blvd.

Philadelphia, PA 19104

Other Participating Researchers

Lin Zhang, PhD, Hongzhe Li, PhD, Janos Tanyi, MD, Don Baldwin, PhD — employed by
University of Pennsylvania

Expected Research Outcomes and Benefits

The explosion of genomics information has uncovered numerous candidate targets for cancer
molecular therapy but has also revealed the molecular heterogeneity of tumors, highlighting the
need for individualized therapy. Although the prospect of targeted personalized therapy has
raised high expectations for cancer outcomes, the transition from identifying target candidates to
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validating these and providing personalized therapy remains a major challenge. Cancer vaccines
highlight the major challenges of translating high throughput individual genomic information to
delivery of personalized therapy. Given the marked molecular heterogeneity among tumors even
of the same histotype, and the lack of known tumor antigens, the development of cancer-specific
multivalent vaccines must be personalized. This project will test whether missense somatic
mutations in tumors are targets for immunotherapy. We expect this to be the case. This result
will open the door to develop personalized cancer vaccines based on the identification of unique
mutations in patients’ tumors.

Summary of Research Completed

The project did not start by the end date of the reporting period and no funds have been
expended. Therefore, there are no results to report at this time.

Research Project 10: Project Title and Purpose

CD40 and Notch as Novel Therapeutic Targets of Pancreatic Carcinoma — The purpose of this
project is to identify new therapeutic approaches for the treatment of pancreatic ductal
adenocarcinoma (PDA). The approach is focused on the CD40 and the Notch pathways and is
designed to test relevant compounds for efficacy using a spontaneous, genetically engineered
mouse model of the disease. Compounds or combinations that result in tumor regression can be
taken forward as priority approaches for eventual clinical evaluations.

Anticipated Duration of Project
1/1/2011 -12/31/2014
Project Overview

Pancreatic ductal adenocarcinoma (PDA) is a highly lethal cancer that has proven refractory to
most standard chemotherapy. A robust genetically engineered mouse model (the “KPC model”)
faithfully reproduces the clinical and histopathological features of PDA. This model, which is
based on the pancreatic specific expression of mutated Kras and p53, is particularly relevant
from the standpoint of preclinical testing since — unlike xenografted PDAC cells — KPC animals
are also non-responsive to current standard-of-care therapy, such as gemcitabine chemotherapy.
We hypothesize that the KPC model represents a superior experimental platform for the design
and testing of novel therapies for this disease. For this project we will use the KPC model both to
gain mechanistic insight and to improve therapies targeting CD40 and Notch. Our ‘mouse
hospital’ approach will be to use ultrasound to identify KPC animals with incipient tumors and
administer active compounds (or inert control) to these animals. Our specific aims are:

Aim 1: Determine whether the treatment effects of CD40 activation can be amplified by myeloid
cell stimulation (with G-CSF) or supplemented by T cell engagement (with CTLA-4 mADb).
Determine whether Hedgehog pathway inhibition augments the anti-tumor effect of CD40. This
project is based on the hypothesis that CD40 mAb activates tumor infiltrating macrophages but
that engagement of additional pathways will optimize the treatment effect.
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Aim 2: Determine whether persistent Notch signaling is required for PDA growth and whether
Hedgehog pathway inhibition augments the anti-tumor effect of GSI. This project is based on the
hypothesis that pancreatic tumors require sustained reciprocal signaling between the epithelial
(neoplastic) compartment and the stromal compartment and that Notch and Hedgehog comprise
two critical components of this signaling network.

Principal Investigator

Robert H. Vonderheide, MD, DPhil

Associate Professor of Medicine

University of Pennsylvania School of Medicine
551 BRB II/111

421 Curie Blvd

Philadelphia, PA 19104

Other Participating Researchers
Ben Stanger, MD, PhD — employed by University of Pennsylvania
Expected Research Outcomes and Benefits

This study uses a spontaneous, genetically engineering mouse model of pancreatic
adenocarcinoma to identify, screen, and prioritize new therapies for the human condition. Our
investigations are designed to determine whether the combination of agonist CD40 mAb and G-
CSF enhances the anti-tumor effect of CD40 mediated therapy, likely due to enhanced numbers
of myeloid cells systemically or in the tumor. Similarly the combination of CD40 mAb and
blocking CTLA-4 mAb may enhance the anti-tumor effect by stimulating T cells to infiltrate the
tumor tissue. We also intend to demonstrate whether GSI therapy impacts tumor growth and
possibly induces regression. Finally, our studies will demonstrate whether or not smoothened
inhibition abrogates the dense stroma of the PDA lesions and enhances drug delivery and cellular
infiltration, and whether this inhibition further enhances treatment effects in this model.

The main benefit of our research is the delivery of new compounds with a scientific rationale to
the clinic for eventual testing in patients. There is an urgent clinical need for new therapies in
pancreatic adenocarcinoma. This project may help to improve health status by offering novel
strategies to reduce morbidity and mortality from this common devastating disease.

Summary of Research Completed

Since the start of this research project earlier this calendar year, we focused as an initial step on
understanding the role of hematopoietic cytokines such as G-CSF and GM-CSF in PDA,
particularly given the proposal to test whether such cytokines might augment the macrophage-
dependent CD40 activation treatment effect observed in the KPC model of PDA. We have
recently submitted these results for publication.
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We found that cell lines established from tumor-bearing KPC mice unexpectedly produce G-CSF
(mean 729 pg/ml, range 54 to 2500, n=6) and GM-CSF (mean 306 pg/ml, range 66 to 1204,
n=6), as determined by cytokine bead array analysis. These cytokines were either undetectable
minimally detectable in normal pancreatic ductal lines. Although G-CSF and GM-CSF clearly
function as growth factors driving myeloid hematopoiesis, their roles as immunomodulatory
cytokines has become increasingly appreciated. Depending on the setting, the effects of GM-CSF
in particular can either promote or suppress cellular immune responses.

We therefore studied the immunobiology GM-CSF in detail in our experimental model. To do
this, we first freshly isolated pancreatic tissue from tumor-bearing KPC mice vs. normal controls
and measured GM-CSF concentrations in tissue supernatant. Higher amounts of GM-CSF (>1
log) per gram of tissue were detected in pancreata from tumor-bearing KPC mice relative to
pancreata from normal mice. To determine which cells produce GM-CSF within tumors from
genetically engineered mice, we took advantage of a lineage marking approach in which a
conditional Rosa26-Lox-STOP-Lox-YFP (RosaYFP) allele was bred onto the Kras®*?°; p53™*;
Pdx-1-Cre background to permanently label the pancreatic epithelial compartment during
embryonic development. This approach led to sensitive (>95% of all pancreatic epithelial cells)
and specific labeling of pancreas epithelium-derived cells, with no stromal cells labeled. Tumors
from these mice and normal pancreata from lineage labeled wild type mice (Pdx-1-Cre;
RosaYFP) were harvested, dissociated, and single cells were directly sorted based on YFP
fluorescence. Subsequent transcriptional analysis revealed that YFP+ cells from tumor-bearing
mice expressed 8-fold higher levels of GM-CSF mRNA compared to YFP"™ cells from the same
mice (p<0.05). GM-CSF mRNA was undetectable in either YFP+ or YFP™ cells from control
mice. These results suggest that PDA tumor cells produce GM-CSF in vivo.

We then studied the role of GM-CSF on tumor growth and inflammation in vivo. PDA tumor cells
that secreted GM-CSF (cell line PDA-1) were injected subcutaneously in a matrigel plug
containing neutralizing anti-GM-CSF mAb (vs. purified rat IgG2a as a control) into the flanks of
normal control mice. Six days after implantation, PDA-1 cells injected with 1gG2a established
tumors, but PDA-1 cells injected with anti-GM-CSF failed to grow and the injected plugs, upon
resection, weighed statistically significantly less. Histologically, PDA-1 cells injected with anti-
GM-CSF mAb appeared necrotic after 6 days compared to viable tumor cell nests in the control.
Moreover, there was a profound infiltration of CD45+ Gr-1+ CD11b+ myeloid cells (often called
myeloid derived suppressor cells because of their immunosuppression potential) in control tumors
but these cells were markedly reduced in tumor cells implanted with anti-GM-CSF mADb.

To determine whether the GM-CSF that was required for tumor formation in this assay was
tumor-derived, we knocked down GM-CSF expression in PDA-1 cells using short-hairpin RNA
(shRNA) technology. Compared to vector only (mock PDA-1 cells), sShGM-CSF PDA-1 cells
expressed >90% less GM-CSF, whereas expression of other cytokines was not affected. shGM-
CSF PDA-1 cells or mock PDA-1 cells were then implanted subcutaneously in matrigel into the
flanks of normal control mice and observed for 6 days. Similar to the experiments with anti-GM-
CSF, mock PDA-1 cells established tumors in vivo, but ShGM-CSF PDA-1 cells failed to grow
and the resected plugs weighed significantly less. Histologically, shGM-CSF PDA-1 cells
appeared necrotic after 6 days compared to viable tumor cell nests in the control. There was a
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marked and significant reduction in the inflammatory infiltrate in experiments with shGM-CSF
PDA-1 cells, including fewer Gr-1+ CD11b+ cells.

To test whether GM-CSF produced by tumor cells may drive the generation of Gr-1+ CD11b+
cells which suppress anti-tumor T cell immunity, we examined whether tumor rejection observed
in the setting of GM-CSF neutralization or genetic knockdown was mediated by CD8+ T cells.
Therefore, we repeated the 6 day implantation experiments in the setting of in vivo CD8
depletion. Strikingly, CD8 depletion restored tumor growth for both PDA-1 cells implanted with
anti-GM-CSF and shGM-CSF PDA-1 cells, linking tumor-derived GM-CSF to Gr-1+ CD11b+
cell accumulation and CD8+ T cell suppression. Importantly, CD8 depletion did not rescue
infiltration of Gr-1+ CD11b+ cells into either PDA-1 cells implanted with anti-GM-CSF or
shGM-CSF PDA-1 cells, suggesting that PDA-1 tumor cells can grow in the setting of minimal
Gr-1+ CD11b+ cells, provided CD8+ T cells are absent.

Based on these findings, we propose that the secretion of GM-CSF by transformed pancreatic
epithelial cells is critically involved in the regulation of inflammation associated with PDA. A
major component of this inflammation is the generation of Gr-1+ CD11b+ immature myeloid
cells that can suppress anti-tumor T cell immunity as a primary function. These findings carry
important implications for the design of novel therapies for patients with PDA, highlight the
therapeutic potential for disrupting the crosstalk of tumor cells with the immune system, and
potentially warn against combining GM-CSF or other myeloid growth factors with immune
therapy such as CD40 antibody.

Research Project 11: Project Title and Purpose

Customization of Advanced Non-small Cell Lung Cancer Treatment Based on Emerging
Histologic and Molecular Markers - The main purpose of this project is to show that non-empiric
therapy that is scientifically chosen on the basis of existing clinical and molecular markers,
including EGFR and KRAS mutation and EML4/ALK translocation, can result in improved
progression-free and overall survival (PFS and OS) in good performance status patients with
advanced non-squamous Non-small Cell Lung Cancer (NSCLC), compared to historic controls
and contemporaneous subjects who are treated empirically.

Anticipated Duration of Project
7/1/2011 — 12/31/2014
Project Overview

Major objectives include (1) the collection of tumor tissue and serum to further elucidate the
molecular typing of patients with advanced NSCLC; (2) the development of a molecular
pathology platform that incorporates simultaneous reflex testing of multiple candidate
biomarkers; (3) evaluation of thymidylate synthetase status in tumor specimens as both a
prognostic and predictive marker in patients receiving pemetrexed; (4) identification of
circulating tumor cells in serum specimens collected at the start of treatment and at first
radiographic evaluation, both to predict outcome and to determine or predict sensitivity to
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therapy based on molecular testing; and (5) collection of baseline smoking assessment surveys to
elucidate any linkage between current smoking status / total lifetime tobacco exposure and both
therapeutic outcome and toxicity.

We anticipate the enrollment of 200+ patients, who will consent to biospecimen collection for
genetic-environmental interaction (GEI) and whose status will be tracked once treatment starts,
both on and off protocol. We will gauge toxicity, response, progression-free and overall
survival.

Principal Investigator

Corey J Langer, MD
Professor of Medicine
University of Pennsylvania
Abramson Cancer Center
2 PCAM

3400 Civic Center Blvd
Philadelphia, PA 19104

Other Participating Researchers

Steven Albelda, MD, Anil Vachani, MD, Tracey Evans, MD, Roger Cohen, MD, James
Stevenson, MD, Daniel Schwed, MD, Charu Deshpande, MD, Vivianna Vandeerlin, MD, Chris
Watt, MD, Lynn Werner, RN, Guanjun Cheng, MD, PhD — employed by University of
Pennsylvania

Expected Research Outcomes and Benefits

In a global sense, we expect this study to show that “customized” therapy based on molecular
correlates, immunohistochemical correlates and clinical factors will lead to better care and
improved outcomes compared to historic, empiric treatment in patients with advanced NSCLC.
If we are able to do this, patients will directly benefit by receiving treatments that will enhance
response rates to treatment, delay tumor progression, increase survival, and show less toxicity.

More specifically, we expect that

1) By improving tissue and serum collection approaches (i.e. by starting to do “reflex testing”),
we will be able to apply current and developing predictive tests in a more useful fashion. We
expect that advances in analysis of circulating tumor cells may be an important way in which
we can obtain molecular correlates in patients without readily accessible tissue for biopsy,
thus giving them access to these new tests and obviating the need for additional painful and
expensive biopsy tests.

2) Thymidilate synthase staining test will be especially useful in helping us to decide which
patients should receive pemetrexed therapy.

3) Patients with a heavier smoking history and those who continue to smoke will have worse
outcomes. This could benefit patients by enabling us to pursue more intense anti-smoking
strategies.
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Summary of Research Completed

The project did not start by the end date of the reporting period and no funds have been
expended. Therefore, there are no results to report at this time.

Pennsylvania Department of Health — 2010-2011 Annual C.U.R.E. Report
University of Pennsylvania — 2010 Formula Grant — 24



