University of Pittsburgh

Annual Progress Report: 2007 Formula Grant

Reporting Period

July 1, 2009 — June 30, 2010

Formula Grant Overview

The University of Pittsburgh received $8,868,580 in formula funds for the grant award period
January 1, 2008 through December 31, 2011. Accomplishments for the reporting period are

described below.

Research Infrastructure Project 1: Project Title and Purpose

Research Infrastructure: Biomedical Science Tower Chilled Water Plant Upgrade - The chilled
water plant in the Thomas Starzl Biomedical Science Tower (BST) is necessary for normal
operations of the research laboratories and animal facilities within the building. The existing
chillers, cooling tower, and condenser piping were installed when the building was constructed
in 1988 and have degraded to the point at which they require refurbishment or replacement.
Because failure of the BST chilled water plant would be catastrophic to building operations, this
project will provide upgrades to increase the plant’s capacity, efficiency, and reliability.

Anticipated Duration of Project
7/1/2009 - 12/31/2011
Project Overview

The BST’s existing chilled water plant dates to the building’s construction in 1988. Many of the
components have either degraded and must be refurbished or are far less efficient than newer
machines and should be replaced.

The current cooling configuration includes seven chillers, providing 8,500 tons of cooling to
produce chilled water for research and animal facilities throughout the BST. These machines are
served by a 10,000-ton cooling tower located on the roof. Because the chilled water plant cannot
be taken offline for repairs and improvements, the first stage of the upgrade will involve
installation of a winter tower. Once it is installed, the main tower can be shut down, allowing it
and the condenser piping to be refurbished. The winter tower will remain after the main tower
goes back into service, providing additional condensing capacity to increase plant output and
reduce energy consumption and costs during low-load conditions.

The York chillers are in relatively good shape but are far less efficient than newer models. In
addition, they use R-11 refrigerant, which is expensive to replace and difficult to acquire as it has
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been phased out in response to environmental concerns and the Clean Air Act. Chiller upgrade
will be accomplished by replacing two 1,000-ton York chillers with one 2,500-ton dual
compressor machine that operates on both normal and emergency power. The new chiller is
more efficient than the existing chillers and will increase the plant’s output capacity by 500 tons.
In addition, it will double the plant’s cooling capacity during emergency power disruptions. To
provide sufficient emergency power to the 2,500-ton Trane chiller and the new 2,500-ton dual
compressor chiller during extended power disruptions, a new generator will be added to the
chilled water plant. The cooling provided by these two units will be sufficient to maintain year-
round building operations.

Principal Investigator

Arthur S. Levine, MD

Senior Vice Chancellor for Health Sciences and Dean, School of Medicine
University of Pittsburgh

Suite 401 Scaife Hall

3550 Terrace Street

Pittsburgh, PA 15261

Other Participating Researchers
None
Expected Research Outcomes and Benefits

This research infrastructure project will upgrade the BST chilled water plant. The upgrade will
result in greater efficiency of the cooling units and reduced risk of system failure, which would
be greatly detrimental to normal operations for the building’s animal facilities and research
laboratories. In addition, the upgrade will eliminate the need for R-11 refrigerant, which has
been phased out by the Clean Air Act.

Summary of Research Completed

When this project was first initiated, it was thought that two of the existing 1,000-ton York
chillers would need to be removed to create a large enough footprint to install the new 2,500-ton
chiller. Once the engineering began, however, it was discovered that the new chiller would fit
into the space of only one York machine, and only one chiller would need to be eliminated.
Therefore, the scope of this project has changed to remove one 1,000-ton chiller, rather than two
as initially proposed. We are adding one new 2,500-ton chiller, as stated in the original plan.
Because of this change, the output capacity of the plant will increase by 1,500 tons, not 500 tons
as stated in the strategic plan. During this project period, all piping was ordered from the
manufacturer and received. The piping installation process has begun and is still in process. The
new chiller, cooling towers, and emergency generator have been ordered from the manufacturer
and are due to arrive in October—November 2010, after which removal/installation will begin.
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Research Project 2: Project Title and Purpose

Organization of the Brain’s Primary Motor Cortex and Premotor Areas - Concepts about the
cortical control of movement have changed dramatically in recent years. In the past, the primary
motor cortex (M1) was viewed as the sole source of spinal cord signals that produce movement.
Subcortical areas, like the basal ganglia and cerebellum, were thought to mainly influence
movement control through direct M1 connections. It is now known that the frontal lobe contains
six premotor areas. Each of these cortical areas projects not only to M1, but also directly to the
spinal cord, bringing to question the origin of central commands for movement. This project will
examine (1) how cortical neurons that influence individual muscles in the hand, arm, and
shoulder are distributed in the cortical motor areas and (2) how the circuits that link the basal
ganglia, cerebellum, and spinal cord with the cortical motor areas are organized.

Anticipated Duration of Project
1/1/2008 - 12/31/2011
Project Overview

This project is designed to answer two questions: (1) How are the cortical neurons that influence
individual muscles in the hand, arm, and shoulder distributed in the cortical motor areas? (2)
What is the organization of the circuits that link the basal ganglia, cerebellum, and other
subcortical regions with the cortical motor areas? Across a series of experiments, the
investigators will use transneuronal transport of neurotropic viruses, a technique that is unique in
its ability to trace complicated circuits in the brain. Selected virus strains will be used to
examine either the inputs to or the outputs from a site. By adjusting the survival time, circuits of
varying levels of complexity can be studied.

Principal Investigator

Peter L. Strick, PhD

Professor of Neurobiology
University of Pittsburgh

4074 Biomedical Science Tower 3
3501 Fifth Avenue

Pittsburgh, PA 15213-3301

Other Participating Researchers

Richard Dum, PhD; Peter Carras, PhD; Isabel Billig, PhD; David Levinthal, MD/PhD -
employed by University of Pittsburgh
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Expected Research Outcomes and Benefits

The results from these experiments are likely to have broad implications for understanding the
function of the cortical motor areas in normal movement, their role in the recovery of motor
function following stroke or other neurotrauma, and their involvement in the generation of
abnormal movements like those associated with Parkinson’s disease.

Summary of Research Completed

The basal ganglia and cerebellum are major subcortical structures that influence not only
movement but also cognition and affect. Both structures receive input from and send output to
the cerebral cortex. Thus, the basal ganglia and cerebellum form multisynaptic loops with the
cerebral cortex. The major interactions between these loops were thought to occur largely at the
cortical level. We investigated whether a more direct pathway exists that allows basal ganglia
output to influence cerebellar function. We injected rabies virus into regions of the cerebellar
cortex in cebus monkeys and used retrograde transneuronal transport of the virus to determine
the origin of multisynaptic inputs to the injection sites.

Subjects. This report is based on observations from three cebus monkeys (Cebus apella, 1.9-2.6
kg, 2 males, 1 female). In each monkey, a mixture of the N2c strain of the rabies virus (RV) and
a conventional tracer (beta subunit of cholera toxin [CTb]) was injected into the cortex of the
cerebellar hemisphere. The protocol was approved by the University of Pittsburgh Institutional
Animal Care and Use Committee and the Biosafety Committee. Biosafety practices conformed
to the Biosafety Level 2 regulations outlined in Biosafety in Microbiological and Biomedical
Laboratories (Department of Health and Human Services Publication No. 93-8395).

Experimental Procedures. All surgical procedures were performed under aseptic conditions. We
used a Hamilton syringe (30 gauge needle) to place multiple injection tracks into the cerebellar
hemisphere (Crus Ilp in animals AB1 and AB2, HVIIB in AB3). We injected small amounts
(0.2 pl) of a mixture of RV (4.5x10° pfu/ml; provided by M. Schnell, Thomas Jefferson
University, Philadelphia) and CTb (0.02%; List Biological Lab) at every 0.5 mm along the depth
of each injection track. When all injections were completed, the cerebellum was covered with
artificial dura and the incision was closed in anatomical layers. The monkeys were placed in an
isolation chamber and administered an analgesic (buprenorphine; 0.01 mg/kg) and
dexamethasone (0.25 mg/kg) every 12 hours.

At the end of the survival time, the monkeys were deeply anesthetized using ketamine (25
mg/kg, i.p.) followed by pentobarbital sodium (40 mg/kg, i.p.). They were perfused
transcardially with 0.1 M phosphate buffer (pH 7.4), followed by 10% buffered formalin, and
finally a mixture of 10% buffered formalin and 10% glycerol at 4°C. The brain and spinal cord
were removed and stored overnight in 10% buffered formalin and 10% glycerol at 4°C and then
placed in 10% buffered formalin and 20% glycerol at 4°C for two weeks. Blocks of tissue
(cerebral cortex, brainstem, and cerebellum) were individually frozen and sectioned at 50 pm.
Every tenth section was stained with cresyl violet for cytoarchitecture analysis. Brain sections
were immuno-histochemically reacted according to the avidin-biotin peroxidase method
(Vectastain; Vector Laboratories, Burlingame, CA). Alternating sections were reacted with
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mouse anti-M957 (supplied by Dr. Alex Wandeler, Animal Disease Research Institute, Ontario,
Canada, 1:300) and goat anti-choleragenoid (List Biological Lab., Campbell, CA, 1:10,000) to
detect rabies virus or CTb, respectively. Reacted tissue sections were mounted on gelatin-coated
glass slides, air dried, and coverslipped.

Our injections of RV targeted Crus llp (n=2) and the hemispheric expansion of lobule VIIB
(HVIIB) (n=1) (Fig. 2A). In all cases, we mixed RV with a conventional tracer, the beta subunit
of cholera toxin (CTb, 0.02 %). We used this mixture to facilitate identification of the RV
injection site and to label neurons that project directly to it (first-order neurons). After RV-CTh
injections into Crus llp and HVIIB, we found first-order neurons labeled with CTh and RV in
regions of the pontine nuclei and the inferior olive that are known to project to the injected
regions of the cerebellar cortex. We found second-order neurons labeled with RV in cortical
areas and in regions of the parvocellular portion of the red nucleus (Fig. 3A) that are known to
project to the first-order neurons in the pontine nuclei and the inferior olive.

Surprisingly, we also found substantial numbers of second-order neurons labeled with RV in the
subthalmic nuclei (STN), predominantly on the side contralateral to the injection site (Fig. 1, 2B,
3). We counted labeled neurons on every other section through the STN of the two animals
illustrated in the figures and found 1,160 second-order neurons in the STN after the Crus lIp
injection (AB2) and 923 second-order neurons after the HVIIB injection (AB3). In all animals,
second-order neurons labeled with RV were present throughout the entire rostro-caudal extent of
the STN (Fig. 2B). However, larger numbers of second-order neurons were located in the rostral
half of the STN following the Crus Ilp injections (AB1 and AB2), whereas larger numbers of
second-order neurons were located in the caudal half of the STN following the HVIIB injections
(AB3). The second-order neurons labeled from Crus Ilp and HVIIB injections also differed in
their dorsoventral and mediolateral distribution. Second-order neurons projecting to Crus llp
were located more ventromedially in the STN than those projecting to HVIIB (Fig. 2B). These
observations indicate that there is a disynaptic connection between the STN and the cerebellar
cortex and that this connection is topographically organized.

The STN has been subdivided into three functional territories: sensorimotor, associative, and
limbic. These subdivisions are based on STN interconnections with regions of the globus
pallidus and the ventral pallidum. The pattern of inputs from the cerebral cortex to the STN also
imposes a functional topography on the STN. A comparison of our data with these functional
subdivisions indicates that most of the STN neurons that project to Crus Ilp are located in its
associative territory, which receives input from the frontal eye fields and regions of prefrontal
cortex. In contrast, most of the STN neurons that project to HVIIB are located in its
sensorimotor territory, which receives input from the primary motor cortex and several of the
premotor areas in the frontal lobe. Although we have examined only a relatively small portion of
the cerebellar cortex, these results suggest that the STN-cerebellar connection is involved in
integrating basal ganglia and cerebellar functions in both motor and non-motor domains.

The STN has been described as the “driving force of the basal ganglia.” Our results indicate that
this driving force extends well beyond the nuclei of the basal ganglia to the cerebellum. Asa
consequence, the anatomical substrate exists for both normal and abnormal signals from the STN
to influence cerebellar processing. The topographic organization of this disynaptic pathway
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suggests that STN output could have an impact on cerebellar function during motor and non-
motor behavior. In the following paragraphs we will briefly describe some of the potential
implications of this pathway for cerebellar involvement in: 1) prototypical basal ganglia
disorders and 2) reward processing.

Parkinson’s disease (PD) and dystonia are traditionally considered to be “basal ganglia
disorders.” PD is associated with degeneration of a specific set of dopaminergic neurons in the
pars compacta of the substantia nigra. Acquired (secondary) dystonia also is often associated
with lesions of the basal ganglia. Although no overt neurodegeneration has been identified in
idiopathic (primary) dystonia, there is evidence for alterations in the basal ganglia in this form of
the disorder as well. Despite these results, a number of observations have suggested that
alterations in cerebellar activity may contribute to the motor symptoms of both PD and dystonia.
For example, imaging studies report marked abnormal increases in cerebellar activity in PD
patients and in subjects with idiopathic dystonia. In PD, deep brain stimulation of the STN
improves the motor signs and normalizes cerebellar activation. In addition, one of the cardinal
symptoms of PD, tremor at rest, is abolished by stimulating or lesioning the ventral intermediate
nucleus of the thalamus, which is a target of cerebellar efferents. Similarly, in a mouse model of
dystonia, pharmacological stimulation of the cerebellar vermis elicited dystonic postures of the
trunk and limbs.

The discovery of a disynaptic connection between the basal ganglia and cerebellum provides a
new framework for interpreting these results. It is notable that in both PD and idiopathic
dystonia, neural activity in the STN is higher than normal and is characterized by abnormal
bursting and oscillatory activity. Abnormal signals from the STN to the cerebellar cortex could
evoke the increased cerebellar activation that is present in both disorders and alter cerebello-
thalamocortical input to the cerebral cortex. Further attempts to ameliorate the symptoms of PD
and dystonia might benefit by focusing specifically on normalizing activity in the disynaptic
pathway from STN to the cerebellum. In fact, part of the effectiveness of deep brain stimulation
of the STN might be achieved through this mechanism.

Our findings also provide a potential explanation for the presence of cerebellar activation in
imaging studies that were explicitly designed to study the normal functions of the basal ganglia.
For example, several imaging studies have examined whether regions of the basal ganglia and
related cortical areas display functional activation consistent with their involvement in “temporal
difference” models of reward-related learning. It is noteworthy that robust cerebellar activation
was present in these experiments along with activation in the dorsal and ventral striatum. The
disynaptic connection between the STN and the cerebellum provides an anatomical substrate for
reward-related signals in the basal ganglia to influence cerebellar function during learning.

From a computational perspective, the basal ganglia and cerebellum have been viewed as
segregated modules that implement different learning algorithms—reinforcement learning in the
case of the basal ganglia and supervised learning in the case of the cerebellum. A previous study
from our lab demonstrated that an output stage of cerebellar processing, the dentate nucleus, has
a disynaptic connection with the input stage of basal ganglia processing, the striatum (Fig. 1).
The current report provides evidence for the reciprocal connection. Taken together, these results
provide the neural basis for substantial two-way communication between the basal ganglia and
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cerebellum. Thus, the two subcortical structures may be linked to form an integrated functional
network. One might then ask what new computational operations emerge by interconnecting a
reinforcement learning module with a supervised learning module.
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Figure 1: Experimental paradigm and circuits interconnecting basal ganglia and cerebellum. We
injected rabies virus (RV) into regions of the cerebellar hemisphere. The virus went through two
stages of transport: retrograde transport to first-order neurons that innervate the injection site and
then retrograde transneuronal transport to second-order neurons that innervate the first-order
neurons. The red arrows indicate the direction of virus transport. Previously, we have shown
that an output stage of cerebellar processing, the dentate nucleus (DN), has a disynaptic
connection with an input stage of basal ganglia processing, the striatum. In this experiment, we
demonstrate a reciprocal connection from the subthalamic nucleus (STN) to the input stage of
cerebellar processing, the cerebellar cortex. These interconnections enable two-way
communication between the basal ganglia and cerebellum. Each of these subcortical modules
has separate parallel interconnections with the cerebral cortex (up and down arrows). DN:
dentate nucleus; GPi, internal segment of the globus pallidus; PN, pontine nuclei; STN,
subthalamic nucleus.
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Figure 2: Injection sites and second-order neurons labeled in STN. (A) The injection sites of
rabies virus (RV) with cholera toxin subunit b (CTb) are outlined on a flattened map of the
cerebellar cortex adapted from ref. 29. The injection in AB2 (red filled area) targeted Crus lIp.
The injection site in another animal (AB1, not illustrated) also targeted Crus Ilp. In this case, the
injection site overlapped but was somewhat less extensive than that of AB2. The injection in
AB3 (blue filled area) targeted HVIIB. (B) Cross-sections of the STN show the location of
second-order neurons labeled by the retrograde transneuronal transport of RV from Crus Ilp in
AB2 (red dots) and from HVIIB in AB3 (blue dots). Each of the three rostro-caudal levels
displayed is spaced approximately 1 mm apart. Labeled neurons from three consecutive sections
(spaced 100 pm apart) are overlapped at each level. a: anterior; C: caudal; D: dorsal; F. amp.:
ansoparamedian fissure; F.in.cr.: intracrural fissure; F.ppd.: prepyramidal fissure; F.pr.: primary
fissure; F.ps.: posterior superior fissure; M: medial; p: posterior.
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Figure 3: Second-order neurons in the STN labeled by the retrograde transneuronal transport of
RV. (A) Chart of a coronal section through the midbrain in one monkey (AB2). Each dot
represents a neuron infected with RV. (B) Photomicrograph of the boxed area in (A). Arrows
point to examples of second-order neurons labeled with RV. (C) Enlargement of the boxed area

in (B). D: dorsal; M: medial; RNpc: parvocellular red nucleus; SNpc: substantia nigra pars
compacta; SNr: substantia nigra pars reticulata; ZI: zona incerta.
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Research Project 3: Project Title and Purpose

Racial Differences in Atherosclerosis and Plaque Vulnerability in Cardiovascular Disease -
Cardiovascular disease (CVD) is the leading cause of death in the United States. Blacks are
disproportionately affected by CVD, with a 29 percent higher age-adjusted coronary heart
disease death rate and a nearly twofold higher prevalence of stroke than whites. In Pennsylvania,
blacks have about a nine-year lower median age for CVD death than whites. These observations
are only partially explained by racial differences in prevalences of traditional CVD risk factors.
Despite having higher rates of CVD, blacks are less likely than whites to have severe obstructive
arterial atherosclerosis. Accordingly, the investigators hypothesize that blacks are more likely to
have vulnerable atherosclerotic plaques. This research project will investigate relationships
among race, anatomic extent of atherosclerosis, measures of plaque vulnerability, and CVD
events.

Anticipated Duration of Project
1/1/2008 - 12/31/2011
Project Overview

Compared to whites, blacks have higher rates of heart disease, stroke, and cardiovascular death.
This disparity is only partially explained by racial differences in prevalences of traditional CVD
risk factors. Nevertheless, blacks are less likely than whites to have severe obstructive coronary
artery atherosclerosis. These findings are counterintuitive in that black race is associated with
anatomic findings expected to confer lower CVD risk (i.e., less arterial obstruction) despite being
associated with higher prevalences of other CVD risk factors and a higher incidence of CVD
events. The investigators hypothesize that compared to whites, blacks are more likely to develop
vulnerable atherosclerotic plaques that are associated with acute CVD events. Preliminary
investigations from the team’s Heart Strategies Concentrating On Risk Evaluation (Heart
SCORE) study demonstrate racial differences in arterial characteristics that are associated with
plaque vulnerability. Analyses from women in the team’s National Heart, Lung, and Blood
Institute Women’s Ischemia Syndrome Evaluation (NHLBI WISE) study suggest that blacks
have higher levels of circulating inflammatory markers, which modulate plaque vulnerability.
The goal of this project is to prospectively investigate race-related differences in the anatomic
extent of atherosclerosis, circulating measures of plaque vulnerability, and CVD events. The
specific aims are (1) to determine whether black race is independently associated with less
obstructive carotid artery atherosclerosis; (2) to characterize race-related differences in
circulating modulators of vulnerable atherosclerotic plaque; and (3) to investigate relationships
among black race, carotid artery obstructive atherosclerosis, circulating levels of modulators of
vulnerable plaque, and long-term CVD risk.

This project will be conducted in the Heart SCORE study cohort. Heart SCORE, which began in
2002, is an ongoing longitudinal community-based participatory research study of 2,000
participants (43 percent black) in western Pennsylvania. This project will measure obstructive
carotid artery atherosclerotic plaque using ultrasonography and will assess serologic markers of
plaque vulnerability like inflammatory mediators, matrix metalloproteinases, markers of
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endothelial activation and dysfunction, and endothelial cell adhesion molecules. It will then
prospectively tabulate CVD events during three years of additional follow-up of participants.

Principal Investigator

Steven E. Reis, MD
Professor of Medicine
University of Pittsburgh
3550 Terrace Street
Pittsburgh, PA 15261

Other Participating Researchers
Suresh R. Mulukutla, MD, Angel Lopez-Candales, MD- employed by University of Pittsburgh
Expected Research Outcomes and Benefits

Blacks have higher rates of CVD events and mortality than whites. The explanation for racial
disparities in CVD is uncertain and is likely multifactorial. Investigations of biological
mechanisms for CVD disparities demonstrate a paradox: compared to whites, blacks have less
extensive atherosclerotic artery blockage despite having higher prevalence of CVD risk factors
and a higher incidence of CVD events. Based on these observations and preliminary studies, the
investigators hypothesize that blacks are more likely to develop vulnerable atherosclerotic
plaques associated with acute CVD events. The goal of this project is to prospectively investigate
race-related differences in atherosclerosis pathophysiology in the extensively characterized Heart
SCORE cohort. The research team will assess the extent of atherosclerotic blockages in carotid
arteries using ultrasonography, measure serologic factors associated with plaque instability and
destabilization, and follow participants for CVD events. It is anticipated that this project will
demonstrate that blacks have higher levels of modulators of plaque vulnerability for any degree
of carotid artery atherosclerotic obstruction. This finding will provide mechanistic insight into
racial disparities in CVD and will serve as the foundation for the development of race-specific
pathophysiologic-based prevention and treatment strategies to reduce racial CVD disparities.

Summary of Research Completed

Milestones and Progress
The status of achieving our proposed milestones for this period is as follows:
1) Recruit 440 Heart SCORE participants to undergo ultrasound protocol
Progress: In this reporting period, 232 new (513 total) participants completed the
ultrasonographic assessment of obstructive carotid atherosclerosis.

2) Collect annual follow-up data on 1,400 Heart SCORE participants
Progress: Annual follow-up data on CVD events, current medications, symptoms, and
psychosocial and socioeconomic factors were collected on 1,446 participants during this
reporting period.
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3) Collect serologic samples (risk factors and atherosclerosis modulators, as indicated) on
1,400 participants
Serologic risk factors (e.g., lipids) were measured in 1,446 participants during this
reporting period. Plasma was collected from 232 new participants in the carotid
ultrasonography study and stored for future batch measurement of atherosclerosis
modulators. Measurement of vitamin D levels was also initiated; >500 samples were sent
to the laboratory for analyses.

Data Analyses
Data analyses are scheduled to be performed at the end of year three, after a sufficient number of

participants have enrolled in the study. This level of enrollment will provide us with a sufficient
sample size to investigate the proposed specific aims. Interim data analyses were not performed

during this reporting period because: (1) the sample size is not yet sufficient to provide power to
investigate our proposed aims and (2) serologic samples are being frozen for batched analyses to
increase the efficiency and decrease the costs of the study.

Research Project 4: Project Title and Purpose

Synthesis and Testing of Peptide-Guided Dual Detection Dendrimers for Cancer Imaging - This
project uses a small protein fragment (peptide) known to target the blood supply of cancers to
specifically deliver imaging agents to cancers. The targeting peptide is attached to the core of the
imaging agent, known as a dendrimer, which, built with multiple branching units, carries
gadolinium molecules that provide the magnetic resonance imaging (MRI) signaling. The core is
also a dye with spectral properties that allow its detection in the near-infrared range. Thus, the
coupling of the targeting peptide to the core enables two different ways to locate tumors using a
single agent. This project will establish the step-wise chemical synthesis of this targeted dual
imaging agent and test it at each synthetic iteration. The project is a proof of concept of targeted
imaging for dual detection of cancer, which will be performed in tumor-bearing mice with the
final synthesized dendrimer.

Duration of Project

1/1/2008 - 12/31/2008

Summary of Research Completed

This project ended during a prior state fiscal year. For additional information, please refer to the

Commonwealth Universal Research Enhancement Annual C.U.R.E. Reports on the Department's
Tobacco Settlement/Act 77 web page at http://www.health.state.pa.us/cure.

Research Project 5: Project Title and Purpose

Molecular Mechanisms of Neovascularization - The long-term goals of this research are to
elucidate molecular mechanisms of neovascularization, the development of blood vessels during
physiological and pathological processes, and to explore therapeutic approaches to inhibit blood
vessel growth in human breast and pancreatic cancers and malignant gliomas. In this project, the
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investigators will examine the signaling pathways by which vascular endothelial growth factor
and inhibitor modulate neovascularization.

Duration of Project

1/1/2008 - 12/31/2008

Summary of Research Completed

This project ended during a prior state fiscal year. For additional information, please refer to the

Commonwealth Universal Research Enhancement Annual C.U.R.E. Reports on the Department's
Tobacco Settlement/Act 77 web page at http://www.health.state.pa.us/cure.

Research Project 6: Project Title and Purpose

Stem Cells in Esophageal Cancer - The tumor stem cell is currently hypothesized to be
responsible for cancer initiation, development, metastasis, and relapse, thereby serving as a
potential cellular target for cancer therapies. In this project, the investigators will study stem cells
from esophageal cancer. This project will combine the powerful techniques of
immunohistochemistry and flow cytometry to develop a detailed profile of normal and malignant
esophageal stem cells and map them to their anatomical niches.

Anticipated Duration of Project
1/1/2008 - 7/31/2009
Project Overview

The investigators will characterize the phenotypic differences and similarities among normal,
premalignant, and malignant esophageal stem and progenitor cells. Using immunohistochemistry
to examine tissue sections and to identify markers for multiparameter flow cytometry,
esophageal stem cells will be identified in their anatomic niche and the similarities and
differences between premalignant and malignant esophageal tumor stem cell populations will be
determined. The researchers hypothesize that more detailed characterization of stem cell and
differentiation markers in esophageal tumors will reveal additional discordant expression
patterns and provide a good indication of between-patient variability in esophageal stem cell
phenotypes.

Principal Investigator

Albert D. Donnenberg, PhD
Professor of Medicine

University of Pittsburgh

Hillman Cancer Research Pavilion
5117 Centre Ave, Suite 2.42¢
Pittsburgh, PA 15213
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Other Participating Researchers
Vera S. Donnenberg, PhD, Melanie Pfeifer, BS - employed by University of Pittsburgh
Expected Research Outcomes and Benefits

There is an urgent need to identify cancer stem cells and distinguish them from their normal
counterparts. There is also a need to identify the biological role of less well-characterized cells,
like pericytes, on tumor progression. Excellent analytical tools exist at the University of
Pittsburgh Cancer Institute (UPCI) to study stem cells. In this project, esophageal cancer will be
studied. Compared with structures like breast, prostate, and lung, the esophagus is relatively
simple in structure and freshly excised tissue is readily available for study. This study could
provide new information about the role of stem cells in esophageal cancer and insights into the
role of this stem cell population in esophageal tumor progression and resistance to therapy.

Summary of Research Completed

During the final month of this project (6/30/09—7/31/09), immunohistochemistry and flow
cytometry data were organized and analyzed in preparation for publication and grant submission.
Since that time, these data were submitted as preliminary findings in a grant proposal to NIH;
while this proposal was not funded, it is currently undergoing revisions for resubmission.

Research Project 7: Project Title and Purpose

Stem Cells in Prostate Cancer - The tumor stem cell is thought to be responsible for cancer
initiation, development, metastasis, and relapse. Therefore, it could be a potential cellular target
for cancer therapies. In this project, the investigators will identify and study the role of pericytes,
which are stem cells that control angiogenesis, in prostate cancer.

Duration of Project

1/1/2008 - 12/31/2008

Summary of Research Completed

This project ended during a prior state fiscal year. For additional information, please refer to the

Commonwealth Universal Research Enhancement Annual C.U.R.E. Reports on the Department's
Tobacco Settlement/Act 77 web page at http://www.health.state.pa.us/cure.

Research Project 8: Project Title and Purpose

Identification of MicroRNA Regulation Targets in Breast Cancer by Quantitative Proteomics -
MicroRNAs (miRNAs) are short segments of non-coding RNA that represent an important class
of biomolecules that have recently been shown to deregulate the expression level of tens to
hundreds of target gene products. Enzyme-miRNA complexes recognize, bind, and degrade a
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target message, thereby preventing protein production. More than 400 miRNAs have been
identified to date, leading to speculation that the expression of every human gene might be
modulated by miRNA activity. Despite growing knowledge of the catalog of miRNAs in
humans, very little is known about the complete ensemble of genes that are targeted by any given
miRNA. This project will develop and apply state-of-the-art high-throughput proteomics for
identification of gene products whose expression is regulated by ten miRNAs that have been
implicated in breast cancer.

Anticipated Duration of Project
1/1/2008 - 9/30/2009
Project Overview

MicroRNAs (miRNAS) are a newly discovered class of short non-coding RNAs that have been
shown to regulate gene expression by targeting discrete, yet potentially multiple independent,
messenger RNA transcripts for degradation. Recent evidence strongly supports the role of
miRNAs in the development of cancer, for example in cases where miRNAs target and down-
regulate expression of tumor suppressor genes or, conversely, when miRNAs targeting and
down-regulating proto-oncogenes are lost. In support of this potential role in cancer biology,
most recently the miRNA-10b (miR-10b) has been shown to be highly expressed in metastatic
breast cancer cells, to positively regulate cell migration and metastasis, and to show a strong
correlation and clinical progression. Despite the discovery of more than 400 miRNAs in humans,
very little is known about the complete ensemble of gene products that may be targeted for
deregulation by a given miRNA. Because the fundamental molecular mechanism of miRNA
regulation relies on the imperfect base-pairing of the miRNA with its target MRNA transcript, no
current experimental or computational tool exists to accurately identify miRNA targets based on
genome sequence information.

The goal of this project, therefore, is to develop and apply a platform based on high-throughput
quantitative proteomics to identify gene products whose expression is deregulated by miRNA.
The investigators will use stable isotope labeling by amino acids in cell culture (SILAC) to
conduct a quantitative proteomic investigation as an end-point measure of the transcriptional
targets for deregulation of 10 miRNAs that have been implicated in the pathogenesis of breast
cancer. Since miRNAs exert their regulatory mechanism post-transcriptionally, it is hypothesized
that quantitative proteomics will enable accurate and precise identification of miRNA targets that
would otherwise be missed by transcriptional profiling by mRNA microarray technology. The
proposed experiments should enable identification and definition of a substantial number of
miRNA targets of a set of well-defined miRNAs involved in breast cancer pathogenesis. Further,
development and refinement of the proposed miRNA target discovery platform will represent a
workflow broadly applicable to discovery of miRNA target genes across all miRNAs and tumor
types to enable future developments of concepts in the diagnosis and treatment of human
cancers.
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Principal Investigator

Thomas P. Conrads, PhD

Associate Professor of Pharmacology
University of Pittsburgh
Magee-Womens Research Institute
204 Craft Avenue

Pittsburgh PA 15213

Other Participating Researchers
Nick Bateman, BS; Melanie S. Flint, PhD; Mai Sun, BS - employed by University of Pittsburgh
Expected Research Outcomes and Benefits

Although the number of microRNA (miRNA)-regulated target mMRNAS is hypothesized to be in
the tens to hundreds, the full complement of these target gene products is not predictable due to
imperfect understanding of the underlying biological mechanism that drives target MRNA
recognition. Furthermore, because miRNAs exert their regulatory activity by degradation of
MRNA transcripts, current high-throughput methods for profiling mRNAs are unlikely to reveal
the full mMRNA transcript ensemble under regulatory control of a given miRNA. This project
aims to apply advanced quantitative proteomics to identify and quantify targets of ten discrete
miRNAs shown to be involved in breast cancer by conducting measurements at the “proteomic
endpoint.” The outcome will be identification of proteins deregulated by the presence of
miRNAs in breast cancer cells. Development and application of this proteomic platform will
enable accurate identification of targets of discrete miRNAs; and the successful completion of
this project will represent a new conceptual and experimental model for discovery of novel
regulatory mechanisms in miRNA-mediated cancer initiation, progression, and metastasis.

An additional and potentially crucial benefit of this investigation will be in the use of a set of
discrete miRNA target genes for future development of a computational training set to further
refine “machine learning” algorithms to empower increased capabilities for robust and accurate
computational miRNA target prediction. This “feed forward” and recursive experimental
framework of miRNA target discovery will enable for the first time development of algorithms
based on molecularly validated miRNA gene targets and represents a new paradigm in
understanding the molecular principles that guide this novel regulatory process. Furthermore, the
new targets that are identified by these ten discrete miRNAs in breast cancer will likely lead to a
deeper understanding of the regulatory outcome of this important class of molecules and their
role in breast cancer pathogenesis.

Summary of Research Completed

During the last three months of this project, we continued our studies of miR-145 in breast
cancer by performing a spectral count analysis of SK-BR-3 cells stably expressing miR-145, +/-
transient transfection with 100nM of a miR-145-specific antagomiR for 72 hours (see Table 1 for
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data summary). Knock-down of miR-145 in these cells was confirmed by quantitative
polymerase chain reaction (qQPCR). Results revealed:

1. Forty-seven out of the 387 proteins exhibiting a fold-change < -1.25 relative to controls have
a conserved miR-145 “seed” motif in corresponding gene sequences.

2. Seven of these 47 proteins exhibited increased expression in a comparison of miR-145
knock-down versus miR-145-expressing conditions, which are among the original list of 33
putative targets identified in proteomic analysis of miR-145 expressing MDA-MB-231
conditions.

Table 1: Proteomic analyses of MDA-MB-231 transiently (24h or 72h) or stably expressing miR-145, and
SK-BR-3 stably expressing miR-145 +/- transient transfection (72h) with 100 nM miR-145 antagomiR.

Condition Total Proteins by 2 Total Proteins % Proteins Decreased
peptides <-1.25-fold
24h _50nM miR 145 840 56 6.7%
72h _50nM miR 145 959 89 9.3%
Stable miR-145 1294 313 24%
Stable miR-145 (SKB) 952 387 (increased) 41% (increased)

(Compared to
72h_100nM miR-145
antagomiR)

Decreased Decreased % Proteins with
Condition {Increased for SKB (Increased in SKB miR-145 “seed”
condition) Proteins conditions) Proteins
with mapped 3'UTR with at least ONE
seqguences 3'UTR, miR-145 “seed”
Stable miR-145 (MDA) 272 33 12%
Stable miR-145 (SKB) 304 47 15%
(72h miR-145
antagomiR)

Research Project 9: Project Title and Purpose

Human Leukocyte Antigen Defects in Cancer Stem Cells - Cancer stem cells (CSC) are a
subpopulation of cells in tumors that are responsible for metastases and recurrence of disease.
The resistance of CSC to chemotherapy and radiotherapy has prompted the investigators to
explore the possibility of using immunotherapy for the destruction of CSC. The clinical efficacy
of this strategy requires that CSC express a set of molecules required for their recognition by the
host immune system. Therefore, this project will (1) analyze CSC for the expression and
functional properties of this set of molecules and (2) test strategies to correct these defects,
should they exist, in CSC. The resulting information will represent important preliminary data to
support the design rationale for effective therapeutic strategies targeting CSC.
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Anticipated Duration of Project
1/1/2008 - 7/31/2009
Project Overview

The long-range goal of this project is to develop a clinically effective immunotherapeutic
strategy, targeting human cancer stem cells (CSC), to counteract resistance to chemotherapy and
radiotherapy. The efficacy of T cell-based immunotherapy depends, at least in part, on the
expression and function of human leukocyte antigen (HLA) class | antigens and antigen
processing machinery components, both of which are required for the presentation of tumor
antigen derived peptides by tumor cells to cognate cytotoxic T cells. Malignant transformation of
cells has often been shown to be associated with defects in expression and/or function of HLA
class I antigens and antigen processing machinery components. The limited information
available suggests that defects in HLA class | antigen processing machinery are present in CSC
and are caused by functional abnormalities of the antigen processing machinery. The paucity of
this information has a negative impact on the ability to design a rational strategy to optimize the
clinical efficacy of T cell-based immunotherapy to target CSC. Therefore, this study tests
whether defects in the expression and function of HLA class | antigens and antigen processing
machinery components are present in CSC and to characterize the mechanisms underlying these
defects. The resulting information will represent a useful background to optimize T cell-based
immunotherapy targeting CSC.

Principal Investigator

Soldano Ferrone, MD, PhD

Associate Director for Faculty Career Development and Advancement, UPCI
and Professor of Surgery, Immunology, and Pathology

University of Pittsburgh

5117 Centre Avenue

Pittsburgh, PA 15234

Other Participating Researchers

Albert DeLeo, PhD; Jennifer Grandis, MD; Theresa Whiteside, PhD; Xinhui Wang, PhD; Si
Hyung Yoo, PhD; Takahiro Tsuchikawa, PhD - employed by University of Pittsburgh

Expected Research Outcomes and Benefits

Study results will contribute to the identification of abnormalities in cancer stem cells (CSC) and
will suggest strategies to optimize immunotherapeutic strategies targeting CSC.
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Summary of Research Completed

Significant reduction by aldehyde dehydrogenase 1A1 (ALDH1A1)-specific cytotoxic T
lymphocytes (CTL) of lung metastases in mice injected intravenously with basal breast
carcinoma MDA-MB-231 cells

Previously, we found that cancer-initiating cells present in breast, pancreatic, and head and neck
carcinoma cell lines overexpressing ALDH1A1 can be targeted by human leukocyte antigen
(HLA)-A2 restricted, ALDH1A1gg.95 peptide-specific CTL. To determine the in vivo relevance
of this finding, we studied the efficacy of adoptive transfer of ALDH1A1-specific CTL on
experimental pulmonary metastases. Fifteen mice bearing experimental lung metastases induced
by intravenous (i.v.) injection of 1 x 10° unsorted basal breast carcinoma MDA-MB-231 cells
were divided into three groups of five mice each. Mice in one group were treated three times per
week for two weeks with 1 x 10° HLA-A2 restricted, ALDH1A1gs o6 peptide-specific CD8* T
cells (i.v.) and administered interleukin (IL)-2 intraperitoneally (i.p.). The second group received
1 x 10° irrelevant CD8" T cells (i.v.) and administered IL-2 (i.p.), while mice in the third group
received IL-2 only. Forty days after treatment, all mice were sacrificed, their lungs removed and
fixed, and the number of lesions per lobe counted. The results indicated a significant reduction in
experimental pulmonary metastases in mice treated with ALDH1A1gs.0s peptide-specific CD8" T
cells compared to mice in control groups (Figure 1).

IL-2
only

IL-2 +
Irrelevant CTL

IL-2 + anti-
ALDH1A1 CTL
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Figure 1. Elimination of basal breast cancer tumor nodules by adoptive transfer of
ALDH1A1-specific CTL.

Day 0: 1 x 10° MDA-MB-231 cells are injected (i.v.) into each mouse.

Day 3: 15 mice were randomly divided into three groups and were administered treatment
for two weeks as described above.

Day 56: All mice were sacrificed, and lungs harvested and fixed in 10% formalin.
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Research Project 10: Project Title and Purpose

Ataxia-Telangiectasia Mutated and Programmed Death Receptor 1 Genes in Melanoma -
Melanoma incidence and mortality rates continue to rise at an alarming rate, and there is
currently no effective treatment for patients with advanced-stage disease. Thus, it is of
fundamental importance to identify and characterize the genes that govern melanoma’s
development and progression. This project will assess the roles of two genes: (1) ataxia-
telangiectasia mutated (ATM), a gene essential in the deoxyribonucleic acid (DNA) repair
pathway, which is expressed at high levels in melanoma, and (2) the programmed death receptor
1 (PD-1) gene, for which expression can impair human tumor antigen-specific CD8+ T cells in
melanoma patients, thus influencing the anti-melanoma immune response.

Duration of Project

1/1/2008 - 12/31/2008

Summary of Research Completed

This project ended during a prior state fiscal year. For additional information, please refer to the

Commonwealth Universal Research Enhancement Annual C.U.R.E. Reports on the Department's
Tobacco Settlement/Act 77 web page at http://www.health.state.pa.us/cure.

Research Project 11: Project Title and Purpose

Optimization of Adenoviral Vector-Based Cancer Genetic Immunization Strategies - Adenovirus
vector-based vaccines are often used in cancer clinical trials. To date, no standardized,
reproducible laboratory tests are available that measure cellular and humoral immune responses
to adenovirus. The objective of this project is to develop, evaluate, and validate a comprehensive
set of laboratory assays that will be useful for serial monitoring of patients vaccinated or infected
with adenoviruses. The goal is to develop a set of immune tests that can be used to specifically
follow immune responses to the virus component of genetic immunotherapy vaccines in
experimental clinical trials as well as be used to test for natural infection from the environment.

Anticipated Duration of Project
1/1/2008 - 8/31/2009
Project Overview

The objectives of this project are to develop and standardize methods for adenovirus-mediated
gene transfer to autologous cells and for immunological assays to detect and quantify cellular
and humoral responses to adenoviral vectors used in antitumor vaccines. These immunological
assays will detect adenovirus-specific CD8 and CD4 T-cell, natural killer (NK) cell, and
antibody (neutralizing and total) responses to adenoviral vectors. While assays have been
developed in basic research laboratories for some of these analyses, there are no standardized
assays in place in the Immunological Monitoring and Cellular Products Laboratory (IMCPL) that
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could be used for laboratory monitoring of clinical genetic immunotherapy vaccine trials at the
University of Pittsburgh Cancer Institute (UPCI).

The aims of the project are (1) to develop good manufacturing practice (GMP) methods for
preparing cellular vaccines based on adenovirus-transduced autologous cells, (2) to establish and
standardize adenovirus assays of hexon-specific CD8+ and CD4+ T cell (including adenovirus-
specific Treg responses) and NK cell responses to measure innate immunity to the virus, and (3)
to develop and perform high throughput adenovirus specific antibody assays.

To conduct these studies, the investigators will develop optimal GMP-compatible methods for
adenovirus transduction of cellular vaccines, allowing for high viability and strong adenovirus-
mediated transgene expression. Enzyme-linked immunosorbent spot (ELISPOT), enzyme-linked
immunosorbent assay (ELISA), and flow cytometry assays for adenovirus will be modeled on
already existing templates for other viral antigens. Immunohistochemistry for adenovirus hexon
proteins will be established. A newly developed flow cytometry cytotoxicity assay (FLOCA) for
NK cell function will be adapted to adenovirus-infected targets. Titrations of adenoviral
antibodies in patient sera will be performed by automated high through-put ELISA. Neutralizing
antibody titer will be quantified by an infection inhibition assay. The Luminex platform will be
used to measure adenovirus-associated cytokines and chemokines.

Principal Investigators

Theresa L. Whiteside, PhD

Professor of Pathology, Immunology and Otolaryngology and
Director, Immunologic Monitoring and Cellular Products Laboratory
Hillman Cancer Center

5117 Centre Avenue, Suite 1.27

Pittsburgh, PA 15213

Lisa H. Butterfield, PhD

Assistant Professor of Medicine, Surgery, and Immunology

Operations Director, UPCI Immunologic Monitoring and Cellular Products Laboratory
Hillman Cancer Center

5117 Centre Avenue, Suite 1.32d

Pittsburgh, PA 15213

Other Participating Researchers
Misty Davis, BS; Kristin McCunn, BS; Dean Parent, RLA; Jennifer Sprague, BS; Cathy Brown,

BS; Shannon Molyneaux, BS; Sylvia Shrader-Thomas, BS; Tom Wehrli, BS; Walter Storkus,
PhD - employed by University of Pittsburgh
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Expected Research Outcomes and Benefits

This project will result in development of highly reproducible adenoviral cell infection methods,
which can be used for cancer vaccines in both current and future clinical trials. It will also result
in broadly useful tests for identifying and quantifying immune responses to adenoviral vectors,
which are commonly used tools in cancer clinical trials. While serum antibody assays for
adenovirus are currently used, no reliable cellular measures are available that allow distinction
between a response to the whole vaccine versus that of the adenovirus component. This
distinction is important, however, because cellular immunity plays a key role in control of
adenoviral infections. Availability of a comprehensive, standardized panel of cellular and
humoral assays for adenovirus will allow patients enrolled in future clinical trials to be tested,
allowing the efficacy of genetic cancer vaccines to be monitored. Because adenovirus also causes
upper respiratory tract infections, this project will be useful for testing the interaction between
the immune system and adenovirus in the common cold.

Efficient production of virally infected vaccines will be critical to the success of future
melanoma clinical trials testing cellular therapies since it will be important to discern between
the antitumor effect and the response to the virus component. The data obtained from these
preclinical studies will help define the patient responses to the vaccines and determine the next
steps for these cancer vaccine strategies.

Summary of Research Completed

During the final two months of support, we finalized the validation of the anti-adenovirus
neutralizing antibody assay. This flow cytometry-based assay was used for screening
hepatocellular cancer patients for a clinical trial testing a vaccine including an adenoviral vector
(five total patients) and was also used to immunologically monitor melanoma patients vaccinated
with adenovirus-engineered dendritic cell-based vaccines (four total patients). These data clearly
differentiated those with low and high levels of neutralizing antibody and also identified changes
induced by cancer vaccination. Lastly, we developed an enzyme-linked immunosorbent assay
(ELISA)-based test to detect the total amount of anti-adenovirus-specific antibody. This assay
was developed with the same healthy donor serum used for the neutralizing antibody assay and,
therefore, expected value ranges were available. After two developmental assay runs, the
standard operating procedure (SOP) was finalized, and this assay was used to test four patients
treated in the dendritic cell-based vaccine trial (mentioned above), and those patients with
increased antibody levels were identified.

An example of the anti-adenovirus neutralizing antibody data obtained over many healthy donors
is shown in the figure below, in which serial serum dilutions were tested for the ability to block a
green fluorescent protein (GFP)-encoding adenovirus (AdV) from infecting an indicator cell line
(A549). Negative controls have no AdV, and positive controls have no serum (only medium).
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The data show that there is a large difference in fluorescence (mean fluorescence intensity or
MFI, y axis) between positive and negative controls, that higher concentrations of serum (1:4,
1:8) block AdV more than lower concentrations (1:256, 1:512), and that donors with high levels
of anti-AdV neutralizing antibody (pink squares) can be identified.

Research Project 12: Project Title and Purpose

Clinical Trials in Chronic Lymphocytic Leukemia - This project will evaluate a novel
combination therapy for chronic lymphocytic leukemia (CLL) that attempts to reduce toxicity
associated with already proven therapies. The approach will reduce levels of chemotherapeutics
while increasing levels of antibody therapeutics. Results will be evaluated with regard to patient
response rates as compared to the traditional treatment regimen.

Duration of Project

1/1/2008 - 12/31/2008

Summary of Research Completed

This project ended during a prior state fiscal year. For additional information, please refer to the

Commonwealth Universal Research Enhancement Annual C.U.R.E. Reports on the Department's
Tobacco Settlement/Act 77 web page at http://www.health.state.pa.us/cure.
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Research Project 13: Project Title and Purpose

Clinical Trials in Melanoma - This project will evaluate the clinical response of melanoma
patients to novel therapeutic regimens.

Duration of Project

1/1/2008 - 12/31/2008

Summary of Research Completed

This project ended during a prior state fiscal year. For additional information, please refer to the

Commonwealth Universal Research Enhancement Annual C.U.R.E. Reports on the Department's
Tobacco Settlement/Act 77 web page at http://www.health.state.pa.us/cure.

Research Project 14: Project Title and Purpose

Clinical Trials in Prostate Cancer - This project will establish the safety and efficacy of a new
vaccine targeted against mucin-1 (MUC-1) in patients with prostate cancer.

Duration of Project

1/1/2008 - 12/31/2008

Summary of Research Completed

This project ended during a prior state fiscal year. For additional information, please refer to the

Commonwealth Universal Research Enhancement Annual C.U.R.E. Reports on the Department's
Tobacco Settlement/Act 77 web page at http://www.health.state.pa.us/cure.
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