University of Pittsburgh

Annual Progress Report: 2008 Formula Grant

Reporting Period

July 1, 2009 — June 30, 2010

Formula Grant Overview

The University of Pittsburgh received $8,975,120 in formula funds for the grant award period
January 1, 2009 through December 31, 2012. Accomplishments for the reporting period are

described below.

Research Project 1: Project Title and Purpose

Small Molecule Inhibitors of HIV Nef Signaling - The project focuses on discovery of small
molecules to target a unique human immunodeficiency virus type 1 (HIV-1) protein, called Nef,
which is essential for progression from a state of HIV infection to full-blown acquired immune
deficiency syndrome (AIDS). Using in vitro and cell-based screens, the investigators aim to
identify two classes of drug-like compounds with potent activity against HIV replication. These
studies could eventually provide new tools for understanding Nef interactions with host cell
proteins and identify novel lead compounds for anti-HIV therapeutics.

Anticipated Duration of Project
1/1/2009 - 12/31/2012
Project Overview

The HIV-1 accessory protein Nef is essential for high-titer viral replication and AIDS
progression. Nef has no known catalytic activity and functions by interacting with multiple host
cell signaling proteins, including the Src family kinases Hck, Lyn, and c-Src. Recently, we
established in vitro and cell-based screens to identify small molecules that target the Nef:Hck
complex. These screens identified two classes of drug-like compounds with potent activity
against HIV replication in vitro, providing the first demonstration that small molecules targeting
an HIV accessory protein-host cell protein complex have anti-HIV activity. This project will
pursue these compounds based on their activity against a broad range of HIV strains, including
strains resistant to current antiretroviral drugs. We will also explore synergy of these Nef-
directed compounds with established anti-HIV therapeutics and investigate their molecular
mechanism of action. Finally, we will test the hypothesis that the Nef oligomerization interface is
a rational target for Nef-directed anti-HIV therapy. Previous studies have established that Nef
oligomerization contributes to host cell kinase activation as well as viral and immune receptor
downregulation. Small molecule inhibitors of Nef oligomerization may interfere with these
critical Nef functions in vivo, providing new scaffolds for anti-HIV drug development.
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The project’s specific aims are:

Aim 1. Explore the utility and mechanism of action of newly discovered
diphenylfuropyrimidines (DFP compounds) and benzenesulfonamide diaminoquinoxalines (Q
compounds) as Nef-directed anti-HIV agents.

Aim 2. Test the hypothesis that the Nef oligomerization interface is a rational target for anti-HIV
therapy.

Principal Investigator

Thomas E. Smithgall, PhD

Professor and Chair, Microbiology and Molecular Genetics
University of Pittsburgh School of Medicine

E1240 Biomedical Science Tower

Pittsburgh, PA 15261

Other Participating Researchers
Jerrod Poe, PhD; Dora Pene-Dumitrescu, PhD — employed by University of Pittsburgh
Expected Research Outcomes and Benefits

Nef is one of six accessory proteins unique to HIV and essential for AIDS progression. HIV Nef
works through multiple host cell signaling pathways in HIV-infected cells. One group of these
proteins, the kinases, normally transmits signals for cellular growth and survival. Previous work
from our group has established that HIV Nef binds tightly to several members of the Src kinase
family, leading to constitutive kinase activation. In collaboration with the University of
Pittsburgh Drug Discovery Institute, we have performed high-throughput screens of chemical
libraries to identify selective chemical inhibitors of the Hck:Nef complex. These screens led to
the identification of two novel classes of HIV replication blockers. In this project, we will
investigate the specific mechanism of action of these compounds in HIV-infected cells (Aim 1).
In addition, we will launch a new screening campaign to identify compounds that interact
directly with the Nef protein (Aim 2). The expected outcomes and benefits of these studies are at
least two-fold: First, these compounds will provide exciting new chemical probes for exploring
the link between host cell kinases and Nef in HIV pathogenesis, which is a poorly understood
area of HIV biology. Second, these compounds represent early-stage leads for the development
of a completely new strategy for AIDS chemotherapy.

Summary of Research Completed

Progress on Aim 1

As described above, Nef is an HIV-1 accessory protein essential for AIDS progression and an
attractive target for drug discovery. Lack of a catalytic function makes Nef difficult to assay in
chemical library screens. We developed a high-throughput screening assay for inhibitors of Nef
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function by coupling it to one of its host cell binding partners, the Src-family kinase Hck. Hck
activation is dependent upon Nef in this assay, providing a direct readout of Nef activity in vitro.
Using this screen and libraries totaling 10,000 discrete structures, a unique diphenylfurano-
pyrimidine (DFP) analog was identified as a strong inhibitor of Nef-dependent Hck activation.
This compound, DFP-4-aminopropanol (DFP-4AP), also exhibited remarkable antiretroviral
effects, blocking Nef-dependent HIV replication in cell culture using a model system (U87TMG
cells) where HIV replication is highly dependent upon Nef. Several structurally related analogs
were synthesized and shown to exhibit similar Nef-dependent anti-viral activity, identifying the
DFP substructure as a new lead for antiretroviral drug development. To provide further evidence
for the Nef-dependence of these compounds, we next tested their antiretroviral activity against
HIV-1 that fails to express Nef. The DFP analogs did not affect replication of the Nef-defective
virus, providing support for the hypothesis that their mechanism of action involves Nef.
Furthermore, we tested the analogs’ activity in a cell line in which wild-type HIV replication is
Nef-independent (Jurkat T-cells). Interestingly, the compounds failed to block HIV replication
in this cellular context, providing further support for a Nef-dependent mechanism of action.
These studies identify the first examples of lead compounds directed against HIV-1 Nef and one
of its host cell binding partners to exhibit antiretroviral activity.

As described in the preceding paragraph, the Nef:Hck inhibitor screen has been successfully
implemented on a pilot scale and identified unique 4-amino substituted DFPs as potent inhibitors
of both Nef:Hck complexes and Nef-dependent HIV replication. The assay uses highly purified
recombinant Nef and Hck proteins and a commercial fluorescence resonance energy transfer
(FRET)-based assay system (Z’-Lyte; Invitrogen), which enables very high sensitivity,
reproducibility, and throughput. The key to the assay is that kinase activation is completely
dependent upon Nef, thereby providing an indirect readout of Nef activity. In collaboration with
the University of Pittsburgh Drug Discovery Institute, we completed a fully automated screen of
the NIH Molecular Library Screening Center Network (MLSCN) library of more than 220,000
discrete compounds. This high throughput screening (HTS) campaign yielded 343 confirmed hits
with 1Csp values for Nef-induced Hck activation of less than 20 uM (overall hit rate of about
0.15%). Active compounds occupied 78 clusters of related compounds (plus 52 singletons) upon
analysis with the chemoinformatics tool LeadScope. One very satisfying feature of this large-
scale screen is that it re-identified DFPs as strong inhibitors of Nef-dependent Hck activation,
which were first identified in the pilot screen and found to inhibit Nef-dependent HIV activity as
described above. Each of these compounds was then tested for activity against Hck alone in an
automated counterscreen. Comparison of the two datasets identified 67 compounds in which
kinase inhibition in the presence of Nef is at least 3-fold higher than when compared to Hck
alone. Of these, 42 compounds showed micromolar inhibitory activity against the Nef:Hck
complex, with less than 50% inhibition of Hck alone at 20 micromolar. These results suggest the
very exciting possibility that a subset of the latter class of compounds may be Nef-directed (as
opposed to kinase inhibitors like the DFPs). All of these leads are currently being examined for
cytotoxicity and antiretroviral activity, and we will continue to pursue the mechanisms of action
of the most promising compounds.

Progress on Aim 2.
While crystallographic and other structural analyses have shown that HIV-1 Nef forms dimers,
little evidence exists to support Nef dimerization in vivo. To address this issue, we developed a
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bimolecular fluorescence complementation (BiFC) approach. This technique is based on the
concept that juxtaposition of two non-fluorescent complementary fragments of YFP (yellow-
shifted variant of green fluorescent protein [GFP]) as a result of fusion to interacting proteins
(Nef in this case) leads to re-assembly of the fluorescent YFP structure. The advantages of this
technique include the direct observation of protein-protein interactions in live cells, as well as the
ability to determine the subcellular localization of the active protein complex.

To apply this technique to HIV Nef, we created two Nef-BiFC expression vectors. The first
contains an N-terminal YFP fragment (residues 2-154) fused to the C-terminus of Nef (Nef-YN)
while the second fuses a C-terminal YFP fragment (residues 154-238) to Nef (Nef-YC). C-
terminal fusions were used to preserve the native N-terminal myristoylation signal sequence
essential to Nef function. Nef-YN and Nef-YC were co-expressed in 293T cells and fluorescent
images were obtained using confocal microscopy. Cells co-expressing Nef-YN and Nef-YC
showed strong fluorescence, with remarkable localization to the cell periphery. Negative
controls showed that cells co-expressing Nef-YN with the YC fragment alone or Nef-YC with
YN alone did not fluoresce, indicating that YFP complementation requires fusion to Nef. This
result provides direct evidence for Nef dimers in live cells and is consistent with the localization
of the dimers to the plasma membrane, a site essential for interaction with Hck and other target
proteins.

Combining site-directed mutagenesis and BiFC, we obtained direct evidence supporting the
contributions of hydrophobic packing interactions and the Asp123:Arg105 ion pairs observed in
the Nef crystal structure (PDB: 1EFN) to dimerization in cells. Substitution of Asp123 with Asn
substantially decreased the Nef-dependent BiFC signal. In addition to the ion pair, we
substituted the four residues that form the hydrophobic core with Asp residues (4D mutant).
While these substitutions are predicted to interfere with hydrophobic packing, computational
analyses showed that they do not disrupt the aB helical structure. The Nef-4D mutant exhibits
virtually no BiFC signal despite strong cellular expression. We then incorporated the 4D and
D123N mutations into the Nef gene of HIV NL4-3 and compared the replication of these viruses
to wild-type NL4-3 as well as a mutant that fails to express Nef (ANef). Both mutations
dramatically reduced HIV replication to the levels observed with the ANef virus, indicating that
Nef dimerization is required to support HIV replication.

More recently, we have gone on to create BiFC constructs for Nef alleles representative of all of
the major subgroups of HIV-1 (A1, A2, B, C, D, E, F1, F2, G, J, and K). All of these Nef alleles
yielded a positive BiFC signal when expressed in 293T cells, demonstrating that dimerization is
a conserved feature of HIV-1 Nef (Poe, J. and Smithgall, T.E., manuscript in preparation).
Because the structure of the dimerization interface is highly conserved, this result supports the
idea that anti-HIV compounds directed against this region of Nef should be broadly active
against a wide range of HIV-1 isolates. Ongoing studies are evaluating whether each of these Nef
variants induces CD4 and MHC-1 downregulation and supports HIV replication in vitro.

In summary, the results describe above provide a critical foundation for the proposed Nef-BiFC
based chemical library screen. Mutagenesis of the Nef dimerization interface causes a dramatic
loss of the BiFC signal, thereby validating the use of this technique to identify small molecules
that disrupt this interaction in a cell-based assay. Furthermore, mutagenesis of the Nef
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dimerization interface, as defined by BiFC analysis, dramatically impairs Nef-dependent CD4
downregulation and HIV replication, strongly supporting the concept that Nef dimerization
blockers may be an exciting new starting point for Nef-directed antiretroviral drug discovery.

Research Project 2: Project Title and Purpose

Alterations in Bioenergetics and Mitochondrial Function in Tumor Cells - Cells generate the
energy they need to function and divide through two different metabolic pathways,
mitochondrial oxidative phosphorylation and glycolysis. Due to their rapid growth, tumor cells
have unique energy demands. However, the mechanism by which tumor cells regulate energy
production is poorly understood. This project will examine the balance between these two
energy producing pathways in tumor cells. The cells to be examined are associated with specific
genetic alterations in critical genes (oncogenes, like Myc and Ras) or include critical genes that
have been mutated (tumor suppressor genes, like p53). This project also addresses how shifts in
energy demands can increase genome instabilities like mutations. Understanding bioenergetic
shifts of specific tumor types may improve therapeutic approaches.

Anticipated Duration of Project
1/1/2009 - 12/31/2010
Project Overview

Tumor cells are rapidly dividing cells with unique metabolic demands for generating cellular
constituents and energy. The purpose of this project is to understand how tumor cells adjust their
bioenergetic demands through the regulation of glycolysis and oxidative phosphorylation as well
as how mitochondrial dysfunction contributes to the cellular transformation process from a
normal cell to a neoplastic cell. This project will address three specific aims. The first aim
examines the balance between glycolysis and oxidative phosphorylation (OXPHQOS),
mitochondrial mutations, and the generation of reactive oxygen species (ROS) in a number of
common tumor cell lines, some of which are included in the NCI 60 panel. Oxygen consumption
during OXPHOS and production of lactate will be simultaneously measured using the Seahorse
Bioscience XF24 flux analyzer. Mitochondrial DNA mutations will be detected by direct DNA
sequencing, and mitochondrial and nuclear DNA damage will be assessed by a quantitative
polymerase chain reaction (PCR) assay. ROS will be evaluated using fluorescent probes. The
second aim defines the role of specific cancer-causing genes in affecting the energy balance.
The specific oncogenes to be examined are: C-Myc, Ras, p53, and HMGB-1. The third aim
examines whether the energy balance in cancer stem cells differs from that in general tumor
cells. Stem cells from two breast cancer (MCF-7 and MDA-MB-231) lines will be investigated.
In addition, energetic profiles of induced-pluripotent stem cells (expressing four genes: Oct4,
Sox2, Klf4, and Myc) derived from human fibroblasts will be examined. It is hypothesized that
stem cells will have the greatest capacity to adapt to specific energetic demands and will be more
resistant to genotoxic agents like hydrogen peroxide.
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Principal Investigator

Bennett VVan Houten, PhD

Richard M. Cyert Professor of Molecular Oncology and Professor of Pharmacology and
Chemical Biology; Director Molecular and Cell Biology Program

University of Pittsburgh

Hillman Cancer Center

5117 Centre Avenue

Research Pavilion, Suite 2.6

Pittsburgh, PA 15213-1863

Other Participating Researchers
None
Expected Research Outcomes and Benefits

While there has been resurgence in the hypothesis that tumors have high glycolytic potential,
careful, systematic analysis of the bioenergetic balance between oxidative phosphorylation and
glycolysis in a wide range of tumor types is lacking. This project will ascertain the degree to
which particular tumor types are dependent on a given bioenergetic pathway. More specifically,
this project tests the hypothesis that deregulation of normal mitochondrial function constitutes a
selective advantage to the evolution of a highly metastatic tumor. This altered mitochondrial
function manifests itself through the production of increased ROS and greater genome instability
in both the mitochondrial and nuclear genomes. Validation of these ideas through tissue culture
models will allow the development of potential biomarkers to be used in future screening of
primary tumors. Understanding the bioenergetic and metabolic demands of specific tumor types
grown in culture will facilitate preclinical assays and the development of specific inhibitors of
these pathways as potential chemotherapeutic agents. Thus, this project serves as a foundation
for future xenograft tumor models in nude mice and specific mouse tumor models. Elucidation of
the relative importance of particular metabolic pathways to the growth of specific tumor types
will foster improved therapeutic approaches.

Summary of Research Completed

During the past 12 months, we have examined more than 35 cell lines (Table 1) for their
bioenergetic profiles using the Seahorse Flux analyzer, which follows oxygen consumption and
lactate production to assess oxidative phosphorylation (OXPHQOS) and glycolysis, respectively.
A typical experiment is performed in the following manner. First, basal levels of oxygen
consumption and proton production are measured. The next measurement condition occurs
during inhibition of adenosine triphosphate (ATP) synthesis at complex V by 1 uM oligomycin
(Injection A in Figures 1 and 3). This process causes a build-up of protons across the inner
matrix with subsequent loss of electron flow, a decrease in oxygen consumption, and an ensuing
rise in proton production due to the cell’s sole dependence on glycolysis for ATP. The addition
of 300 nM FCCP (carbonyl cyanide p-trifluoromethoxyphenylhydrazone) (Injection B in Figures
1 and 3) causes the protons on the outside of the inner membrane to be carried across to the basic
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matrix, allowing the electron flow to proceed. In some cells, this activity causes a large increase
in oxygen consumption, which David Nichols has called “spare respiration capacity.” The third
injection of 100 mM 2-deoxyglucose (Injection C in Figures 1 and 3) causes inhibition of
glucose uptake into glycolysis and the tricarboxylic acid (TCA) cycle. In some cells, this process
is accompanied by an even further increase in oxygen consumption and loss of proton production
due to inhibition of glycolysis. The fourth and final injection of 1 uM rotenone, a complex |
inhibitor (Injection D in Figures 1 and 3), causes cessation of both electron flow and oxygen
consumption. In a separate experiment, actual ATP measurements are made by quantifying the
amount of light produced by the ATP-dependent luciferase in a luminometer. These same four
compounds are given to cells for 45 minutes, and the steady-state levels of ATP are measured.
Together, these two experimental methods give a clear indication of how the cell is generating
ATP. The measurements can be made within two hours and allow fairly rapid throughput.

This work falls into six different projects, which are briefly described below:

1. Breast cancer project: We have continued to work on our breast cancer project, extending
these studies to four additional cancer cell lines, and have initiated a collaboration with Jean
Latimer, PhD, to examine two normal breast epithelial cell lines (see Table 1). We have found
that breast cancer cells show two general bioenergetic profiles. Breast cancer cells that are
estrogen receptor (ER) positive and of luminal origin generally show high OXPHOS, whereas
those that are triple negative (ER", progesterone receptor (PR)’, human epidermal growth factor
receptor 2 [HER2]") and of basal origin show about two-fold lower OXPHOS and two-fold lower
levels of ATP. To better understand what is driving these metabolic changes, we have examined
the levels of pyruvate dehydrogenase (PDH), which converts pyruvate to acetyl-CoA for use in
the tricarboxylic acid cycle. Luminal cells have the highest levels of active PDH and lowest
levels of pyruvate dehydrogenase kinase (PDK1), which phosphorylates and inactivates this
enzyme, whereas basal cell lines (triple negative) showed the opposite behavior, having high
levels of phosphorylated (inactive) PDH and the highest levels of PDK1. We have also measured
levels and activity of lactate dehydrogenase (LDH) by western blot and enzymatic analysis.
Those cell lines with the highest glycolytic rates also showed the highest levels of LDH.

2. P53/HCT116: The gene p53 is mutated in about 50% of all tumor cell lines. It has been
suggested that p53 expression increases OXPHOS by increasing the expression of SCO2
(synthesis of cytochrome oxidase 2). To examine this idea in more detail, we have obtained
genetically matched HCT116 colon cancer cell lines that are either +/+, +/-, or -/- for p53 from
Mike Resnick, PhD, at the National Institute of Environmental Health Sciences (NIEHS, NIH).
Data in Figure 1 show a reduction in oxygen consumption rate (OCR), a measure of OXPHOS,
with increasing inactivation of the p53 alleles. Interestingly, there is no concomitant increase in
extracellular acidification rate (ECAR), a measure of glycolysis, to compensate for this reduction
in OXPHOS.

3. Weinberg model: We have recently initiated a collaboration with Zoltan Oltvai, MD, associate
professor of pathology and assistant director, Division of Molecular Diagnostics, at the
University of Pittsburgh School of Medicine, to help take a systems level approach to
understanding cancer cell metabolism. To this end, we have examined OCR, a measure of
OXPHOS, and ECAR, a measure of glycolysis, in four cell lines that have increasing neoplastic
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properties. These cells lines, which were generated from BJ fibroblasts (normal diploid fibroblast
derived from foreskin), include: 1) CL1, which is immortalized with hTERT (the protein subunit
of telomerase); 2) CL2, which is CL1 transfected with large T antigen; 3) CL3, which is CL2
transfected with small T antigen; and 4) CL4, which is CL3 transfected with activated Ras (both
early and late passage CL4 cells were examined). CL4 cells are transformed and can produce
tumors in a xenograft model. We found that CL1 cells have the highest OXPHOS and lowest
glycolysis, whereas CL4 cells have the highest glycolysis and lowest OXPHQOS, Figure 2.

4. Prostate cancer lines: In collaboration with Shivendra Singh, PhD, professor of pharmacology
and chemical biology at the University of Pittsburgh School of Medicine, we have begun to
examine prostate cancer cell lines. In a study that was recently submitted for publication, we
have examined OXPHOS and glycolysis in the prostate cancer cell line LnCAP, as compared
with the normal prostate epithelial cell line, PrEC. We have found that the tumor line shows both
higher OXPHOS (Figure 3, A and B) and glycolysis (data not shown) than its normal cell
counterpart, but shows lower steady-state levels of ATP (Figure 3, E and F). In addition, we
have studied the effects of phenethyl isothiocyanate (PEITC), an anti-cancer compound found in
cruciferous vegetables. This compound lowered OXPHOS, glycolysis, and ATP in the LnCAP
cell line, but not in the normal epithelial cell line, PrEC (Figure 3; glycolysis data not shown).

5. Lung cancer cell lines: In collaboration with Jill Siegfried, PhD, UPMC Chair of Lung Cancer
Research and professor of pharmacology and chemical biology at the University of Pittsburgh
School of Medicine, we have studied 13/15 human lung cancer cell lines for OXPHQOS and
glycolysis using the Seahorse analyzer. Like the breast cancer cell line study, we have seen wide
variation from cell line to cell line, and we are currently investigating the nature of this variation.

6. Induced pluripotent stem cell (IPS) lines versus normal fibroblast cell lines: Working with
Ana Sofia Rodrigues, MSc, graduate student at the University of Coimbra, Portugal, and Gerald
Schatten, PhD, professor and vice chair of obstetrics, gynecology, and reproductive sciences and
professor of cell biology and physiology at the University of Pittsburgh School of Medicine, we
have examined OXPHOS and glycolysis in two normal diploid fibroblast cells lines, comparing
them with their IPS counterparts using transfection with Oct4, Sox2, KIf4, and Myc. IPS cells
show uniformly lower OXPHQOS while maintaining similar levels of glycolysis.
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Cell Line Cell origin Comments

BT-549 Breast Basal, triple negative

HCC1143 Breast Basal, triple negative
MDA-MB-157 Breast Basal, triple negative

CAMA-1 Breast Luminal, ER positive

BRL 23 Breast Normal breast epithelial cells
BRL36 Breast Normal breast epithelial cells
H1299 Lung

H460 Lung

101-87T Lung

128-88T Lung

201T Lung

239T Lung

253T Lung

273T Lung

343T Lung

84T Lung

Calul Lung

Calu3 Lung

Calu6 Lung

HCT116 p53 +/+ Colon Highest OXPHOS

HCT116 p53 +/- Colon

HCT116 p53 -/- Colon Lowest OXPHOS

LNCaP Prostate cancer | Treatment with PEITC lowered OXPHOS
PrEC Prostate normal | 'PEITC had no effect on OXPHOS
HJ hTERT Lung fibroblast | Immortalized, highest OXPHOS

HJhTERT + LT

Lung fibroblast

HJhTERT + LT + ST

Lung fibroblast

HJhTERT + LT + ST + ras

Lung fibroblast

Highly transformed, lowest OXPHOS

WM1158 Melanoma Looking at the effects of elesclomol

WM8B52 Melanoma

HF1 Skin fibroblasts

HF1 (Oct4, Sox2, KIf4, Myc) | Skin fibroblast | “IPS; shows ~ 2-fold lower OXPHOS than
parental HF

HF2

HF2 (Oct4, Sox2, KIf4, Myc) | Skin fibroblast | “IPS; shows ~ 2-fold lower OXPHOS than
parental HF

U20S Osteosarcoma

Table 1. Tumor cell lines analyzed between July 1,

2009-June 30, 2010. All cell lines were

analyzed in three separate experiments for oxidative phosphorylation and glycolysis. ‘PEITC,
phenethyl isothiocyanate; 2IPS, induced pluripotent stem cell.
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Figure 1. Loss of p53 in HCT116 cells decreases OXPHOS, but not glycolysis. HCT116 cells
p53 +/+ (blue), p53+/- (pink) and p53 -/- ( ) were compared to U20S (red) and analyzed in
the Seahorse flux analyzer for the oxygen consumption rate (OCR) and extracellular acidification
rate (ECAR) measures of OXPHOS and glycolysis, respectively. Experiments were performed as
described above. Injection of pharmacological inhibitors: A = oligomycin, B = FCCP,

C = 2-deoxyglucose, D = rotenone.
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Figure 2. Effect of oncogene transformation on OXPHQOS and glycolysis. Human BJ fibroblasts
were immortalized with hTERT (CL1) and transfected with large T antigen (LT) (CL2), LT and
small T antigen (ST) (CL3), or LT and ST and activated Ras (CL4) and analyzed at early and
late passage. These cells were analyzed in the Seahorse flux analyzer for the oxygen
consumption rate (OCR) and extracellular acidification rate (ECAR) measures of OXPHOS and

glycolysis, respectively.
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Figure 3. Effects of phenethyl isothiocyanate (PEITC) on OXPHOS and ATP in LNCaP prostate
cancer cells versus normal prostate cells (PrEC). These cells were treated with PEITC at 0, 2.5,
and 5.0 uM and analyzed in the Seahorse flux analyzer for the oxygen consumption rate (OCR),
a measure of OXPHQOS (Panels A and B). Basal OCR was compared (Panels C and D) and
steady-state levels of ATP were also measured (Panels E and F) in LnCaP and PrEC cell lines.
Experiments were performed as described above. Injection of pharmacological inhibitors:

A = oligomycin, B = FCCP, C = 2-deoxyglucose, D = rotenone.
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Research Project 3: Project Title and Purpose

Clinical Trials in Melanoma - The University of Pittsburgh Cancer Institute’s (UPCI) Clinical
Research Service (CRS) provides valuable resources for researchers and clinicians seeking to
improve clinical research as a means to elevate patient care standards and treatment efficacy.
This project will evaluate the clinical response of melanoma patients at various disease stages to
novel therapeutic regimens designed to be specific to their treatment needs.

Anticipated Duration of Project
1/1/2009 - 12/31/2010
Project Overview

E1697 (UPCI 99-006): This intergroup international adjuvant study aims to determine whether
four weeks of high dose interferon (IFN)-o2b improves response rate compared to standard
observation for patients with resected melanoma of intermediate to high risk of recurrence. Of
1,420 patients planned for study accrual, more than 800 have been accrued to date (57 registered
at UPCI out of 80 screened). Blood samples will be banked, and corollary laboratory
translational studies of prognostic and predictive biomarkers of disease outcome and therapeutic
benefit will be performed. These analyses will enlarge upon careful studies of the biomarkers of
tumor progression (prognostic biomarkers) and response to IFN therapy (predictive biomarkers).

E2602 (UPCI 03-111): This phase Il study examines low-dose polyethylene glycol (PEG)-
coupled IFN-a.2b as a long-acting and potentially more effective anti-angiogenic agent in
patients with metastatic melanoma and an elevated plasma level of basic fibroblast growth factor
(b-FGF > 15 pg/mL). This trial directly tests the role of b-FGF as a promoter of angiogenesis in
melanoma progression. UPCI has enrolled a preponderance of the patients (25 registered out of
42 screened) who have been enrolled into this study nationally, where the strictures for disease
status, elevated b-FGF levels, and monitoring of b-FGF levels have been challenging.

UPCI 05-125: This phase Il clinical and translational study tests the safety and efficacy of
combination biotherapy with high-dose IFN-a2b and anti-cytotoxic T-lymphocyte antigen 4
(CTLA4) monoclonal antibody CP-675,206 for recurrent inoperable stage 111 or stage IV
melanoma. Each agent has been individually shown to induce major objective durable responses
in 5-10 percent of patients, and each is correlated with the induction of autoimmunity to host
endocrine and cutaneous, as well as Gl target, organs. We expect these agents to synergize to
induce greater antitumor autoimmune responses, with augmented clinical antitumor efficacy. To
date, UPCI has enrolled 23 of 30 patients screened, and the trial has passed first-phase efficacy
thresholds for continued accrual. Accrual of 20 additional patients is planned.

UPCI 07-008: This phase I/11 trial examines the combination of decitabine and temozolomide for
treating patients with unresectable metastatic melanoma. This drug combination is designed to
abrogate chemotherapy resistance based on the modulation of two DNA repair pathways. Up to
18 patients may be accrued in phase I, and up to 60 patients may be accrued overall. To date,
three patients of five screened have been registered.

Pennsylvania Department of Health — 2009-2010 Annual C.U.R.E. Report
University of Pittsburgh — 2008 Formula Grant — Page 12



Principal Investigator

John M. Kirkwood, MD

Professor of Medicine and Director, Melanoma Center
University of Pittsburgh

Hillman Cancer Research Pavilion

5117 Centre Avenue

Suite 1.32

Pittsburgh, PA 15213

Other Participating Researchers
None
Expected Research Outcomes and Benefits

E1697 (UPCI 99-006): At least 30 percent of all newly diagnosed stage I1A-B and I11A
melanoma patients will experience recurrence at five years, with subsequent mortality. An
effective adjuvant therapy would, therefore, greatly benefit patients. This study evaluates
postoperative therapy with high-dose IFN-a2b for melanoma patients at intermediate risk of
recurrence and death after surgical resection. The planned corollary studies will contribute to our
understanding of potential prognostic and predictive biomarkers to refine patient selection and
improve the therapeutic index of adjuvant IFN therapy. This treatment regimen, which was
developed at UPCI, remains the only demonstrably effective therapy for high-risk melanoma,
with consistent and highly significant worldwide relapse-free survival benefits as well as
individual trial overall survival benefits.

E2602 (UPCI 03-111): Growth factors like b-FGF drive melanoma progression and metastasis.
This study will determine whether circulating b-FGF can be suppressed to normal levels when
treated with a new and long-acting PEG-IFNa.2b. This study represents one of the first efforts at
targeted melanoma therapy, providing an innovative approach with the potential to improve
patient survival.

UPCI 05-125: Autoimmunity is induced by high-dose IFNa. therapy as well as with anti-CTLA4
blocking antibodies and is correlated with therapeutic benefit. Treatment with a combination of
these two agents is expected to improve response rate and quality/durability of response in
patients with recurrent inoperable stage 111 and stage IV melanoma. Our therapeutic target is to
achieve a 20 percent or better rate of objective response, complete response, or partial response,
compared to the 5 to 10 percent expected in study-eligible patients.

UPCI 07-008: This study will test the ability of decitabine to reverse drug resistance to the
chemotherapy temozolomide in patients with advanced metastatic melanoma. This treatment
regimen is expected to result in an overall improvement in response rate of metastatic melanoma
from 7 percent to 21 percent.

Pennsylvania Department of Health — 2009-2010 Annual C.U.R.E. Report
University of Pittsburgh — 2008 Formula Grant — Page 13



Summary of Research Completed

E1697 (UPCI 99-006): Out of 89 patients screened at UPCI, 62 have been registered.
Coordination efforts at UPCI include follow-up of currently enrolled participants as well as
banking of nationally collected blood samples, which are currently being analyzed in corollary
biomarker studies that are hoped to permit the personalization of adjuvant therapy in the future.

E2602 (UPCI 03-111): Out of 60 patients screened, 11 have been enrolled at UPCI. Accrual is
ongoing.

UPCI 05-125: We have now demonstrated that these two agents act at least additively and
induce antitumor autoimmune responses that are associated with augmented clinical response
rates and durability of antitumor effects. UPCI has enrolled 37 patients of a total of 65 screened
for this trial, and the results of this study have been submitted and accepted for the American
Society for Clinical Oncology (ASCO) program presentation in June 2010 (Tarhini et al., Proc
ASCO 2010).

UPCI 07-008: In this reporting period, 29 patients were enrolled in Phase 2 of the trial. Ten
patients had previously been enrolled in Phase I, bringing the total number of enrolled
participants to 39. The positive interim results of this study have also been accepted for
presentation at the annual ASCO meeting (Tawbi et al., Proc ASCO 2010).

Research Project 4: Project Title and Purpose

Therapeutic Vaccine Trials in Recurrent Prostate Cancer - The University of Pittsburgh Cancer
Institute’s (UPCI) Clinical Research Service (CRS) provides valuable resources for researchers
and clinicians seeking to improve clinical research to elevate patient care standards and treatment
efficacy. This project will conduct two novel vaccine trials in patients with recurrent prostate
cancer: (1) a safety and efficacy study of a new vaccine targeted against mucin-1 (MUC-1) in
conjunction with poly-ICLC (polyinosinic-polycytidylic acid stabilized with polylysine and
carboxymethylcellulose) in patients with recurrent and/or advanced prostate cancer and (2) a
safety and efficacy evaluation of alpha-type-1 dendritic cell (DC)-based vaccines loaded with
allogeneic prostate tumor cells in combination with androgen ablation in patients with recurrent
prostate cancer.

Anticipated Duration of Project

1/1/2009 - 12/31/2010
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Project Overview

MUC-1 and poly-ICLC trial

This clinical trial will test a mucin-1 (MUC-1) vaccine in conjunction with poly-ICLC
(polyinosinic-polycytidylic acid stabilized with polylysine and carboxymethylcellulose, also
known as Hiltonol™) in patients with recurrent and/or advanced prostate cancer. The primary
objective will be to evaluate the efficacy of poly-ICLC in boosting the immunologic response of
a MUC-1 peptide vaccine. The definition of an immunologic response is based on observing an
increase from pre- to post-vaccine in the count of peripheral blood CD8+ T cells that react to the
MUC-1 peptide in an enzyme-linked immunosorbent spot (ELISPOT) assay. A total of 14
patients will be accrued to this trial.

Evaluation of aDC-1 vaccine in combination with androgen ablation

This trial will evaluate the feasibility, safety, and efficacy of intradermal vaccination of prostate
cancer patients with alpha-type-1-polarized dendritic cells (aDC-1) loaded with apoptotic
allogeneic tumor cells (LNCap). The study will target men with recurrent prostate cancer who
have failed local therapy and have no measurable metastasis, but have a rising prostate-specific
antigen (PSA) level with a doubling time of less than 10 months. In this two-arm study, patients
will receive the vaccine in combination with limited androgen ablation (AA) and a luteinizing
hormone-releasing hormone (LHRH) analog for three months. Patients will be randomly
assigned to one of two cohorts. In cohort A, patients will first be treated with limited AA only for
three months, and at the time of prostate-specific antigen (PSA) relapse (PSA > 1 ng/dl), will
receive the DC vaccine in conjunction with AA. In cohort B, the sequence of treatment will be
reversed. The primary efficacy objective is to evaluate the effect of the aDC-1 vaccine on time
to PSA progression compared to AA alone. PSA progression is defined as a rise in the PSA
value to > 1 ng/dl. A total of 12 to16 patients will be accrued in both arms of this study.

Principal Investigator

Gurkamal S. Chatta, MD
Associate Professor of Medicine
University of Pittsburgh

UPMC Cancer Pavilion

5150 Centre Avenue, Suite 564
Pittsburgh, PA 15232

Other Participating Researchers

None

Expected Research Outcomes and Benefits

MUC-1 and poly-ICLC trial

This clinical study is expected to result in the development of a safe and effective vaccine

treatment regimen for men with advanced prostate cancer. Standard treatment for advanced
prostate cancer (androgen ablation and chemotherapy) is limited, primarily palliative, and
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associated with significant side effects. Prostate-specific vaccine therapy, if effective, offers the
prospect of prolonging survival with minimal side effects.

Evaluation of oDC-1 vaccine in combination with androgen ablation

In this study, we aim to develop a novel vaccine to effectively treat men with prostate cancer that
has recurred following failed local therapy (surgery and/or radiation) and that is detectable only
by a rise in serum PSA levels (PSA-only disease). This patient population is ideal for an
immunologic intervention given that: (1) this group is the largest subpopulation of men with
prostate cancer in the U.S., (2) there is no standard treatment for this subgroup, and (3) this
subgroup has minimal systemic disease burden. We will carefully monitor immunological
responses to vaccination at different time points, but primary indications of vaccine efficacy will
be stabilized patient PSA levels and prolonged time between treatment and disease relapse (PSA
progression).

Summary of Research Completed

MUC-1 and poly-ICLC trial

Primary analysis for the first 14 patients in this trial was previously completed, and the Phase 2
recommended dose of poly-ICLC was determined to be 25 pg/kg. During this reporting period,
secondary immune analysis has been completed; and based on that, the duration of poly-ICLC
administration in the Phase 2 portion of the trial will be reduced. The Phase 2 portion of the
protocol has been modified, is currently being reviewed by the Institutional Review Board, and
we anticipate being open to accrual in fall 2010. The results of the Phase 1 portion of this study
are being written up for submission to a peer-reviewed journal for publication.

Evaluation of #DC-1 vaccine in combination with androgen ablation (AA)

To date, 7 of 16 patients have been accrued to this study. We anticipate completing accrual by
12/31/10. Meanwhile, the preclinical data used as the basis for this clinical trial was summarized
in an article that has been accepted for publication:

Eva Wieckowski, Gurkamal S. Chatta, Robbie M. Mailliard, William Gooding, Karolina
Palucka, Jacques Banchereau, and Pawel Kalinski. Type-1 polarized dendritic cells loaded with
apoptotic prostate cancer cells are potent inducers of CD8" T cells against prostate cancer cells
and defined prostate cancer-specific epitopes. Prostate, 2010 (In press).

Research Project 5: Project Title and Purpose

Research Infrastructure: Bridgeside Point Il Building Renovations - Bridgeside Point Il (BPII),
the University of Pittsburgh’s newest research facility, is nearing completion. This project will
address final construction and laboratory fit-out in the building. By establishing this additional
space, the Department of Orthopaedic Surgery, the Department of Microbiology and Molecular
Genetics, and the McGowan Institute for Regenerative Medicine will be able to expand their
research programs, recruit additional faculty members, and accommodate researchers’ changing
needs.
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Anticipated Duration of Project
12/17/2009 — 6/30/2011
Project Overview

The aim of this project is to finalize construction and laboratory fit-out at Bridgeside Point 11
(BPII), the University of Pittsburgh’s newest research facility. Existing laboratory space is
limited, and new space is needed to keep pace with the needs of the University’s biomedical
research community. This project is designed to complete final construction at BPII, outfit the
laboratory space with fume hoods and a data telecom system, install a sterilizer unit in the
vivarium facility, and install a security system for the entire building.

Principal Investigator

Arthur S. Levine, MD
University of Pittsburgh
Suite 401 Scaife Hall
3550 Terrace Street
Pittsburgh, PA 15261

Other Participating Researchers
None
Expected Research Outcomes and Benefits

This project will enhance research infrastructure at the University of Pittsburgh by providing the
additional research space required to expand research programs, recruit new faculty members,
and accommodate the changing needs of existing investigations, all of which are essential to
advance biomedical progress and, in the long run, to translate findings from animal to human
studies.

Summary of Research Completed

All new laboratory space was outfitted with fume hoods, and a data telecom system was
installed. A sterilizer unit was installed in the vivarium facility, and a security system has been
installed for the entire building (including the vivarium). The Department of Orthopaedic
Surgery, the McGowan Institute for Regenerative Medicine, and the Department of
Microbiology and Molecular Genetics relocated their laboratories during the current reporting
period. The Division of Laboratory and Animal Resources is scheduled to relocate its
laboratories in September 2010. The Department of Psychiatry is scheduled to relocate in
December 2010.
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