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Gladstone Institute of Virology and Immunology Director’s Report

ow more than 25 years into the global pan-
Ndemic, HIV/AIDS remains one of the defining

health challenges of our time. The ongoing
battle against this retrovirus yielded both good and bad
news in 2007. The good news includes the finding that
circumcision reduces HIV transmission from infected
women to men by 50-60%, HIV infection rates seem
to be declining in a few African countries, and two new
classes of antiretroviral drugs were approved for clinical
use (Maraviroc, a CCR5 entry inhibitor, and raltegravir,
an HIV integrase inhibitor). The bad news included the
failure of the Merck Ad5 HIV gag-pol-nef vaccine can-
didate in the STEP and Phambili trials, the inability of
diaphragm use to reduce new HIV infections, and the
finding that a second microbicide candidate, cellulose

sulfate, enhances rather than inhibits HIV transmission.

Using more accurate survey results, UNAIDS now es-
timates that 33.2 million people are infected with HIV
worldwide and 2.5 million were newly infected in 2007.
Approximately 2.1 million people died of HIV/AIDS
this past year.

Against this backdrop, investigators within the Glad-
stone Institute of Virology and Immunology continue
their important work. The year included several no-
table events. We recruited Melanie Ott as an associate
investigator and Ya-Lin Chiu as an assistant investiga-
tor (effective March 2008). I could not be more pleased
with these recruitments: each is among the brightest
young scientists working on HIV. My own professional
life took an exciting turn with my appointment as pres-
ident of the Academic Alliance Foundation, an organi-
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zation dedicated to AIDS care, training, and prevention
in Africa. We also launched two significant corporate-
sponsored research collaborations with Gilead Sciences
and JT Pharma. Both are companies with outstanding
track records for drug development in the HIV arena.

Below, I summarize aspects of the science from each of
the GIVI laboratories.

Robert Grant—Dr. Grant and his colleagues enrolled
their first volunteers in an international preexposure
prophylaxis trial designed to determine whether potent
antiretroviral therapy can be used to prevent HIV infec-
tion in high-risk individuals. This work has garnered
support from both the National Institutes of Health
and the Bill and Melinda Gates Foundation. I believe
this is one of the most important clinical HIV preven-
tion trials under way. The Grant lab also focused on the
remarkable but vexing ability of HIV to rapidly mutate.
Their studies identified a new player, APOBEC3C, that
enhances this mutation frequency. Unlike its cousin,
APOBEC3G, the 3C protein exerts little or no anti-HIV
activity, but instead produces non-lethal mutations
that may speed immune escape or the acquisition of
drug resistance.

Eric Verdin—Dwayne Bisgrove in the Verdin labora-
tory performed fascinating studies showing how HIV
Tat usurps a key cellular kinase complex termed
P-TEFb to promote HIV replication. Tat brings this
kinase to the HIV long terminal repeat, where it
modifies bound polymerase, resulting in extremely
high-level production of viral RNAs. These studies
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illustrate how Tat recruits P-TEFb out of an inac-
tive complex and further prevents the docking of
this potentially active kinase with a second cellular
protein called BRD4. The insights gleaned from
these basic studies could ultimately provide new
approaches for blocking Tat action.

Melanie Ott—Hye-Sook Kwon in the Ott laboratory
has produced exciting data detailing a new mecha-
nism through which HIV promotes a state of chronic
immune activation. Such activation is now thought
to play a central role in HIV disease progression. Drs.
Kwon and Ott have found that the HIV Tat protein
blocks SIRT1, a deacetylase responsible for the in-
activation of the NF-xB transcription factor. These
effects of Tat result in a prolonged NF-xB-driven
transcriptional response and a sustained state of im-
mune activation.

Laura Napolitano—Dr. Napolitano completed an im-
portant clinical trial showing that growth hormone
(GH) can enhance thymic function in HIV/AIDS pa-
tients leading to increases in CD4 T-cell production.
These studies could impact future efforts to reconsti-
tute the immune response in infected patients with
advanced disease. Extending an important clinical
trial of GH in HIV-infected patients, her laboratory
explored the role of insulin-like growth factor (IGF-1)
in this response. IGF-1 is induced by GH action. In
studies of more than 1400 women infected with HIV,
they found that low levels of IGF-1 are associated
with accelerated CD4 T-cell loss. These studies are
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providing important and novel insights into the im-
pact of the GH-IGF-1 hormonal axis on human T-cell
biology in infected patients.

Warner Greene—Marielle Cavrois and Jason Neidle-
man explored the fundamental mechanism underly-
ing the ability of dendritic cells to surreptitiously
transfer intact HIV virions to interacting CD4 T cells
without themselves becoming productively infected
with the virus. The widely accepted model for this
process termed trans-infection posited that these
virions were taken up and hidden in internal vesicles
within the dendritic cells prior to exocytic transfer to
CD4 T cells. This mechanism was dubbed the “Tro-
jan horse” model of HIV trans-infection. However,
our studies reveal that virions on the cell surface

are the principal mediators of trans-infection. These
findings argue that HIV virions “surf” along the ex-
ternal plasma membrane to the site of T-cell contact
before transfer to CD4 T cells. As such, attachment
inhibitors and neutralizing antibodies could greatly
curb HIV trans-infection.

In summary, 2007 was an exciting and productive
year for GIVI. I could not be more proud of the many
investigators, postdoctoral fellows, research associ-
ates, and students who day-in and day-out are dili-
gently exploring the biology of HIV while at the same
time creating a unique environment ripe for discov-
ery and collaboration.
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HIV Ecology
Robert M. Grant, MD, MPH

Rapid mutability of HIV is a signature character-
istic of HIV. Mutations allow the virus to adapt to
changing environments and to escape from immune
control and drug treatment. HIV evolution also
contributed to viral spread from monkeys and apes
to humans. Understanding the mechanisms of HIV
mutation and the ecology of viral spread may eluci-
date ways to force the virus into unfavorable evolu-
tionary pathways.

Several steps in the viral life cycle create opportuni-
ties for viral mutation, including reverse transcription
and transcriptional expression of viral genomes after
integration into the cell. Recently, Khaoula Bourara,

a postdoctoral fellow in the laboratory, identified an
additional step: a cellular protein called APOBEC3C
can induce mutations in HIV derived from a patient

HIV-1 Protease Sequence
with APOBEC3C
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Genetic mixtures of some HIV strains appear in the presence of
APOBEC3C; such viral genetic diversity may enhance HIV's capacity
fo adapt to changing ecology in the body due to immune responses
or antiviral treatment. Blocking viral mutation may enhance the
efficacy of treatments.

who rapidly developed drug resistance and did not
respond to therapy. Unlike other proteins of the same
type, APOBEC3C has weak antiviral effects, leaving
the majority of viral progeny intact enough to survive,
while a few viruses are altered in ways that may give
them an evolutionary advantage. Understanding the
mechanisms that drive low-level viral mutation may
identify opportunities to block HIV-1’s ability to es-
cape from therapies and immune responses, thereby
cutting HIV-1 evolution off at the pass.

Drug resistance is one consequence of viral muta-
tion. Although the prevalence of transmitted drug
resistance is stable or even declining in many commu-
nities, we found that methamphetamine users have

a higher than expected risk of acquiring one type of
drug-resistant HIV. This may reflect partial adherence
to therapy, inconsistent access to therapy, or acquisi-
tion of more resistant viruses through superinfection.

Ultimately, we aim to find ways to stop the epidem-
ic. Based on preliminary observations, we believe
that an antiretroviral drug combination given to peo-
ple before exposure to infection may block the spread
of HIV. In the past year, we published findings from
the first trial of this strategy, which confirmed its
safety. Our second study is evaluating effectiveness:
enrollment started in Peru and Ecuador this year and
is expanding to additional sites in the United States,
Africa, Asia, and Latin America.
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Deconstructing the “Trojan Horse” Model

of HIV Trans-Infection
Warner C. Greene, MD, PhD

HIV infects CD4 T cells through two distinct
pathways. The first, termed cis-infection, involves
the direct binding and fusion of HIV virions to

CD4 T cells. The second, trans-infection, proceeds
through the initial uptake of infectious virions by
dendritic cells (DCs) followed later by the transfer
of these virions to interacting CD4 T cells. HIV
trans-infection was likened to the mythical Trojan
horse because early experiments suggested that the
HIV virions were internalized and hidden within
DC vesicles before their discharge across synapses
formed by interacting CD4 T cells. These synapses
form as the T cells scan the surface of the DCs look-
ing for the antigen they are programmed to react to.

To further elucidate the biology of HIV trans-infec-
tion, Marielle Cavrois and Jason Neidleman in my
laboratory utilized soluble forms of CD4 (sCD4)
to selectively neutralize surface-bound HIV viri-
ons. Viruses residing within intracellular vesicles
are not affected by this treatment. Remarkably,
sCD4 completely inhibited HIV trans-infection.
Similarly, removal of surface-bound HIV virions
by digestion with pronase also completely negated
trans-infection. Together, these findings argue
strongly against the Trojan horse model

and instead indicate that surface-bound

rather than internalized virions are the

primary mediators of trans-infection.

The only experimental situation where

very low levels of intracellular HIV

virion transfer were detected involved
recapitulation of successful antigen rec-  ag@f
ognition by the interacting CD4 T cells.
In this setting, the intravesicular system
undergoes significant remodeling. Nev-
ertheless, even with such antigen recog-
nition, >99% of the virions mediating
trans-infection continued to be derived
from the cell surface. While promptinga B
significant revision in the model of HIV
trans-infection, these findings suggest

that neutralizing antibodies and attach-
ment inhibitors could be used to inter-

rupt the HIV trans-infection pathway.
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horse model of HIV trans-infection. PLoS
Pathog. In press.
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Schematic depiction of
the original Trojan horse
model of HIV trans-
infection (A) contrasted
with the recently revised
model showing that
surface-bound rather
than internalized virions
represent the principal
source of virus involved
intrans-infection. (B)
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Dissecting Hormonal Effects on HIV Disease

Laura A. Napolitano, MD

Growth hormone (GH) is a major regulator of growth
and metabolism in mammals. Less appreciated is

the important role this hormone plays in the devel-
opment and function of the immune system. Our
laboratory is carefully assessing the effects of this
hormone on T cells, which are essential for the nor-
mal functioning of the immune system.

T cells are produced by the thymus gland, which
becomes relatively inactive in adults. HIV disease
destroys T cells, leading to collapse of the immune
system and severe infection. We have completed two
studies demonstrating that GH stimulates thymic
function and increases the number of T cells in HIV-
infected adults. These studies are particularly excit-
ing because they represent the first evidence that
human thymic function can be improved by medical
therapy and offer hope that medical therapies can

be used to increase the production of new T cells in
HIV disease.

Little is known about how GH stimulates immune
function. Recently, we found that insulin-like
growth factor-1 (IGF-1), a companion hormone to
GH, has an important role in mediating the effects
of GH on the immune system in HIV disease. While
GH may directly stimulate immune function, it can
also increase IGF-1 levels in blood and immune tis-
sues. The important role of IGF-1 was underscored
in our study of HIV-infected subjects receiving GH.
We found that GH recipients with higher increases
in blood IGF-1 levels had the largest increases in
newly made T cells. GH recipients with lower in-
creases in IGF-1 were less likely to have significant
T-cell gains.

to AIDS

Faster Progression

Working with collaborators across the country, we
completed a study examining the role of IGF-1 on
the rate of HIV disease progression in 1422 HIV-
infected women. We also studied IGF1BP-3, a protein
that interacts with IGF-1 and might impair immune
function since its effects oppose IGF-1. This study
found that lower levels of IGF-1 were associated
with accelerated T-cell loss in HIV-infected women.
High levels of IGF1BP-3 were associated with accel-
erated T-cell loss and progression to AIDS.

These findings support an important role for IGF-1 in
the recovery and preservation of T cells in HIV dis-
ease and a potential detrimental role of its competing
protein IGF1BP-3. Our laboratory is continuing to
investigate additional details of how GH and IGF-1
work to improve immune function.

Recent Publications
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with HIV disease progression in women. ]. Infect.
Dis. In press.
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A Novel Role of the SIRT1 Deacetylase
in HIV-Induced Immune Hyperactivation

Melanie Ott, MD, PhD

Ordinarily, infection by a pathogen activates our
immune system, particularly T cells, to fight off
the invader. However, during HIV infection, this
immune reaction can contribute to the disease.
T-cell hyperactivation shapes the course and
outcome of HIV-1 infection, but the mechanism
underlying this process is not well understood.
Since the virus cannot replicate efficiently in rest-
ing T cells, HIV infection depends critically on the
activation of CD4+ T cells. Symptoms of T-cell
activation correlate with faster disease progression
and shortened survival, supporting the concept
that chronic immune activation is important in
HIV disease.

We are interested in the chronic immune activa-
tion that occurs during HIV infection. We previ-
ously showed that HIV-infected T cells are hyper-
active. Only expression of the HIV-1 protein Tat
recapitulates this hyperactivity, and it is associ-
ated with increased secretion of the T-cell growth
factor interleukin 2 (IL-2). IL-2 plays a unique role
in HIV infection: it primes nonactivated bystander
cells for infection and makes them susceptible to
viral replication.

We have made significant progress in understand-
ing how Tat contributes to T-cell hyperactivation.
Tat increases the activity of an important tran-
scription factor, NF-xB, by inhibiting the protein
deacetylase SIRT1. Acetylation and deacetyla-
tion turn genes on and off and occurs mainly in
histones. SIRT1
deacetylates predom-
inantly nonhistone
proteins (e.g., the
transcription factors
p53, NF-«B, and fork-
head proteins) and is
involved in cellular

HiIV-infected T Cell

unit of NF-kB. Because acetylated p65 is more ac-
tive as a transcription factor, Tat greatly increases
expression of IL-2 and other NF-kB-responsive
genes. In agreement with our hypothesis that Tat
activates the immune system via SIRT1, cells lack-

ing SIRT1 do not respond to hyperactivation by Tat.

Our model assumes that SIRT1 decreases T-cell
activation and that this negative regulatory activity
is suppressed by Tat during HIV infection.

The importance of these studies is highlighted by
their possible value for developing new therapies.
Human SIRT1’s possible involvement in lifespan
extension has prompted a search for SIRT1 activa-
tors to delay aging. The prospect that these activa-
tors may restore SIRT1 function in HIV-infected

T cells is intriguing and represents a new approach
to the treatment of HIV-associated immune hyper-
activation and AIDS itself.

Recent Publication
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Regulation of HIV Transcription:

The HIV Tat Protein and Its Cellular Partners

Eric Verdin, MD

In patients receiving highly active antiretroviral
therapy (HAART), some resting CD4* memory

T cells harbor latent HIV that can re-emerge after
treatment ceases. Memory T cells are long lived, so
HAART alone cannot eliminate the virus. It is un-
clear how latency is established. Recently, we iden-
tified “hot-spot” genes that are frequently targeted
in latent but not productively infected cells. These
genes may be involved in HIV transcription, and dis-
ruption of their function during retroviral integration
might lead to HIV latency.

One of these hot spots is the gene encoding bro-
modomain-containing protein 4 (BRD4), which con-
tains four independent integrations in intron 1 (out
of 252). BRD4 binds to the P-TEFb complex, a het-
erodimer of the kinase CDK9 and cyclin T1 that is
crucial for efficient transcriptional elongation of HIV.
In many cell types, half of P-TEFD is sequestered in
an inactive ribonucleoprotein complex composed

of cyclin T1/CDKY, 7SK RNA, and Hexim1. The
other half lacks Hexim1 and 7SK RNA and is tran-
scriptionally active. A fraction of this “free” P-TEFb
is bound to BRD4, which may tether P-TEFb to ac-
tively transcribed genes.

The partitioning of P-TEFb between the active and
inactive complexes changes rapidly in response to
stress signals (e.g., UV irradiation), which disrupt
the 7SK ribonucleoprotein complex and promote
the formation of BRD4/P-TEFb complexes. The
mechanism for partitioning of inactive and active
P-TEFb under physiological conditions is unknown.

We found that the HIV Tat protein competes with
Hexim1 for binding to the cyclin T subunit of
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P-TEFb in vitro and that Tat expression releases
P-TEFb from sequestration by Hexim1 and 7SK.
Thus, Tat can access the active P-TEFb complex
by competing with Hexim1 and can substitute for
Hexim1 in the absence of stress signals. The car-
boxyl terminus of BRD4 mediates its interaction
with P-TEFb and targets the site within P-TEFb
bound by Hexim1 and Tat. The HIV transactivator
Tat and BRD4 competed for binding to P-TEFb, and
the carboxyl-terminal BRD4 peptide suppressed HIV
transcriptional activation by Tat at low concentra-
tions. These findings identify a novel therapeutic
target for inhibition of HIV transcription.

Recent Publications
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(2007) Conserved P-TEFb interacting domain of
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Kasler H, Verdin E (2007) Histone deacetylase 7
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phosphatase dephosphorylates HDAC7, controls its
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Model for the regulation of P-TEFb activity. The three different forms of the
P-TEFb complex are illustrated: bound to Tat to activate the HIV promoter
(left), inactive (center), and activated for cellular genes (right). Tat and BRD4
are functionally equivalent and compete for a similar binding Site on the
CDK9/cyclin T1 heterodimer.
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The Core Laboratories at Gladstone

The techniques and instrumentation used in bio-
medical research have become ever more sophis-
ticated and expensive, placing them out of reach
for many laboratories. Gladstone has solved this
problem by concentrating resources and skilled
personnel in several core laboratories that serve
investigators in all three institutes.

Flow Cytometry Core (directed by Martin Bigos)
provides flow cytometry and cell-sorting services.
They maintain and use several instruments that
give Gladstone investigators a range of experimen-
tal options. In addition, they offer assistance with
data analysis programs, advice on specific applica-
tions, and training for users.

Genomics Core (directed by Christopher Barker)
specializes in characterizing large numbers of
genes simultaneously with microarrays. The Core
offers traditional whole-transcript microarrays,
exon arrays, arrays for single nucleotide polymor-
phisms, and soon arrays for microRNAs.

Imaging Core (directed by Christopher Barker)
provides investigators the expertise, instrumenta-
tion, and training to generate and capture research
data as images. The Core offers light (bright-field,
phase, epifluorescence, and confocal) and electron
microscopy. Core staff also assist with the quanti-
tation, analysis, interpretation, and presentation of
the images.

Neurobehavioral Assessment Core (directed by
Kimberly Scearce-Levie) analyzes neurobehavioral
functions, such as motor coordination, learning, and
memory in rodent models of human neurological
diseases. They phenotype transgenic mouse models
and evaluate the effects of environmental, pharma-
cological, surgical, and genetic interventions.

Stem Cell Core (directed by Bruce Conklin) devel-
ops novel technologies and provides cutting-edge
services for studying human and mouse induced
pluripotent stem cells and embryonic stem cell
lines. The Core offers comprehensive training for
scientists and researchers interested in incorporat-
ing stem cell experiments into their projects.

Transgenic Core (directed by John Taylor) has pro-
duced important mouse models of human disease
for nearly every principal investigator at Gladstone.
The service involves the injection of DNA frag-
ments into fertilized one-cell host embryos. They
also work closely with the UCSF Laboratory Ani-
mal Research Center to manage the mating colo-
nies and experimental animals.

Cardiac myocytes derived from mouse embryonic stem cells. Bright green
represents a gene-trapped cardiac-specific protein (SERCA), and red is a
marker for skeletal and cardiac muscle (o.-actin).
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Gladstone Institute of Neurological Disease Director’s Report

ur Institute had a very successful year in
O 2007. Much progress was made in each of

the laboratories, and these advances are de-
scribed in the investigators’ individual reports. Here,
I will focus on our progress in building interdisciplin-

ary programs that can tackle neurodegenerative disor-
ders and other major unresolved biomedical problems.

Most, if not all, aging-related neurodegenerative
disorders are likely caused by the abnormal accu-
mulation of specific proteins with disease-causing
(pathogenic) conformational states. These proteinopa-
thies, which include Alzheimer’s disease (AD), Hun-
tington’s disease (HD), Parkinson’s disease (PD), and
other Lewy body diseases, are the focus of a program
project at the GIND that has been funded by the Na-
tional Institute on Aging.

In the past 5 years, this project brought together
investigators with diverse areas of expertise and
established fruitful collaborations that resulted in

50 peer-reviewed publications. Our request for anoth-
er 5 years of funding was greeted with a high level of
enthusiasm by an expert review panel and will ensure
the continued advancement of this exciting project.

Future experiments will take advantage of valuable
resources and technologies in our Institute, including
robotic microscopy, molecular imaging, genetically
engineered mouse models, RNAi-mediated gene
silencing, and cell-type-specific expression of
mechanistically informative viral constructs. We will
continue to unravel the processes by which diverse

Lennart Mucke, MD

Steven Finkbeiner, MD, PhD

proteins impair neuronal function and survival and
look for common mechanisms of neurodegeneration.
We will also study the susceptibility of different
neuronal populations to common versus disease-
specific pathogenic processes. Gladstone investi-
gators involved in this program include Steven
Finkbeiner, Yadong Huang, Robert Mahley, Karl
Weisgraber, and myself.

Individuals under the age of 65 years are as likely to
be afflicted by frontotemporal dementia (FTD) as by
AD. FTD progresses more rapidly than AD and can
cause even more severe burdens on caregivers and
families because of the striking behavioral abnormal-
ities that are often associated with it. Yet, FTD con-
tinues to be understudied, and it also is often poorly
diagnosed and mismanaged.

Gladstone and UCSF's Memory and Aging Cen-

ter have embarked on a bold new initiative to find
better treatments for FTD. With funding from the
Consortium for Frontotemporal Dementia Research,
10 promising new research studies have already been
launched at Gladstone, UCSF, and other institutions.
Most focus on FTD-causing genetic alterations in pro-
granulin, a growth factor that participates in diverse
physiological and pathological processes, including
inflammation. Gladstone investigators involved in
this consortium include Robert Farese, Li Gan, Fen-
Biao Gao, Erik Roberson, and myself.

The capacity to control one’s movements is essential
to survival and quality of life. PD and HD severely

Fen-Biao Gao, PhD

Li Gan, PhD Yadong Huang, M



disrupt motor functions. Both conditions impair the
striatum, a brain region that is critical for complex
movements and motor learning. Notably, the in-

ner workings of the striatum have remained elusive,
primarily because of the complexity of its neural
circuits and because few investigators have the exper-
tise to study the striatum at the molecular, cellular,
and network levels. We have assembled a group of
investigators who collectively possess precisely the
kind of expertise required to unravel the (dys)func-
tions of this enigmatic brain region. Dr. Finkbeiner
invented a robotic microscope and used it to identify
factors that regulate survival of striatal neurons. Paul
Muchowski used yeast genetics to identify a molecu-
lar pathway that may damage striatal neurons in HD
and developed drugs to block key mediators in this
pathway. Anatol Kreitzer used sophisticated electro-
physiological approaches to study synaptic plasticity
in striatal slice preparations and to identify a poten-
tial new strategy for the treatment of PD.

Microglia are the resident immune cells of the brain
and play intriguing roles in neurodegenerative disor-
ders and other neurological conditions. Their com-
plexity relates to the fact that some microglial activi-
ties can protect the nervous system, whereas others
can harm it. Understanding these complexities has
major therapeutic implications, as it may allow scien-
tists to exploit the beneficial functions of these cells

therapeutically, while keeping their dark side in check.

In April 2007, experts from around the United States

Anatol Kreitzer, PhD

Robert W. Mahley, MD, PhD

gathered at Gladstone for a 1-day symposium on this
topic. The conference was organized by Drs. Gan and
Muchowski, who have identified microglial pathways
that contribute to neurodegeneration in AD and HD
and developed strategies to block these pathways.

A second symposium promoted the exchange of in-
formation on an even larger scale, laying the ground-
work for new international collaborations focused on
the diagnosis, mechanisms, and treatment of neuro-
degenerative diseases. Held in Beijing, China on May
13-17, 2007, it was the first concrete outreach effort
of our Gladstone/UCSF Asian Brain Health Initia-
tive. Neurodegenerative diseases observe no ethnic
boundaries. Our symposium provided an opportunity
for leading scientists on both sides of the Pacific to
review the current state of knowledge regarding the
causes and treatments of neurodegenerative diseases.
Since these conditions have multiple causes, thera-
pies may have to target diverse factors and take into
account the various ways people respond to disease
based on their genetic makeup and lifestyle.

I would like to thank our outstanding investigators,
trainees, research staff, and administrators for mak-
ing all these advances possible. Inspired by this year’s
progress and J. David Gladstone’s vision for a health-
ier future for humankind, we will continue to ad-
vance our understanding of the nervous system and
contribute ever more actively to the development of
better treatments for major neurological diseases.

Paul J. Muchowski, PhD Karl H. Weisgraber, PhD
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An Arc Linking Genes, Memory, and Behavior

Steven Finkbeiner, MD, PhD

Without it, you won’t be able to remember what you
have learned for long! Activity-regulated cytoskel-
etal protein (Arc) plays an unusually specific role in
consolidating new memories and may be critical for
understanding how memories are formed.

As we encounter or learn something new, neurons
that belong to circuits that are forming those memo-
ries communicate with each other, and levels of Arc
rise inside them. In models of Alzheimer’s disease
(AD), the ability of the brain to raise Arc levels is
lost early and predicts memory trouble. If we knew
how neuronal communication induces Arc, we
might be able to understand what is wrong in AD
and how better to treat it.

Last year, we discovered that neuronal communi-
cation raises Arc levels mainly by sending signals
from synapses to the nucleus, leading to new Arc
transcription. To detect sites in vast expanses of
genomic DNA that might enable the Arc gene to
respond to synaptic activity, we used an approach
that had never been tried on neurons before. We un-
covered two small DNA elements that are crucial for
Arc transcription.

One of the sites binds the transcription factor serum
response factor (SRF). It controls Arc from farther
away than any known factor that controls the tran-
scription of a memory-related gene. Activation of
SRF is controlled by intracellular signaling pathways
that have long been linked
to learning and memory,
and animals that lack SRF
show profound but selective
defects in memory. Arc is
the first gene target of SRF
that is known to function at
synapses, and it provides a
link between synaptic activ-
ity, gene transcription, and
memory formation.

The other site that controls
Arc transcription is com-
pletely new. It resembles a
DNA sequence found in the
fruit fly Drosophila mela-
nogaster, and it binds to a
nuclear protein in mamma-

lian neurons. However, an orthologous transcription
factor remains to be found in mammals. We found
the same element in three other memory-related
genes, one of which is involved in AD. Hopefully,
its identification will help us understand the spe-
cific role Arc plays in memory and be useful in the
fight against memory disorders.

Recent Publications

Palop J], Chin J, Roberson ED, Wang J, Thwin MT,
Bien-Ly N, Yoo J, Ho KO, Yu G-Q, Kreitzer A,
Finkbeiner S, Noebels JL, Mucke L (2007) Aberrant
excitatory neuronal activity and compensatory
remodeling of inhibitory hippocampal circuits in
mouse models of Alzheimer’s disease. Neuron
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Nat. Neurosci. 10:1083-1084.

Rao VR, Finkbeiner S (2007) NMDA and AMPA re-
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Learning induces neurons to make new molecules of Arc, which is
required to consoliaate memories. We discovered two regulatory DNA
elements that flank the Arc gene and enable Synaptic activity produced
auring learning to activate Arc transcription. Newly transcribed Arc

is eventually transported from the nucleus through dendrites (green
processes) to synapses (yellow spots that coat the neuron).




Impaired Neurogenesis in an Animal Model

of Alzheimer’s Disease
Li Gan, PhD

In Alzheimer’s disease (AD), neurons are lost in
key regions of the brain, particularly the hippocam-
pal formation. This structure is critical for learning
and memory and one of the few adult brain regions
where neurons are constantly being born and func-
tionally integrated. Adult-born neurons arise from
neural stem cells, which can develop into any type
of brain cells and have the potential to replace de-
generating neurons in AD. However, serious chal-
lenges remain to be overcome. A critical concern

is that the pathogenic microenvironment in AD
brains may adversely affect stem cell development.

By combining in vivo labeling, confocal micros-
copy, and electrophysiological recordings, we
investigated the development of neural stem

cells in an AD mouse model, which develops age-
dependent neuropathology and cognitive deficits
that correlate with molecular alterations in the
hippocampus. Mouse brains were injected with a
retroviral vector that expresses green fluorescent
protein (GFP) and labels only cycling progenitor
cells. Dendrites and spines, which receive messag-
es from other neurons via synapses, and their elec-
trophysiological responses were then assessed. The
neural stem cells showed accelerated development
at early stages but failed to mature and integrate
properly. Immature neurons (2-3 weeks old) had
significantly more spines and stronger responses.
At maturity (4-6 weeks), however, they had shorter
dendrites, fewer spines, and weaker responses than
neurons in age-matched controls.

A key step in the conversion of immature
neurons into mature neurons is the switch of
y-aminobutyric acid (GABA) signaling from
excitatory to inhibitory. The late-phase impair-
ment of neural stem cells in AD mice suggests a
dysfunction of GABA signaling. To investigate
this hypothesis, we focused on nicotinic signal-
ing, which is altered in AD brains and is critical
for the switch in GABA signaling. Injection of
nicotine during the transition period restored the
dendritic and functional development of neural
stem cells. Thus, the impaired development of
neural stem cells in AD mouse brains may reflect
dysregulation of nicotinic signaling. By defining
the molecular mechanisms underlying the impair-
ments of neural stem cell development in AD

brains, our studies may lead to novel strategies to
improve the functional maturation of neural stem
cells and help restore neuronal functions lost as a
result of neurodegeneration.

Recent Publications

Gan L. Cathepsin B, antiamyloidogenesis, and neu-
roprotection. In: Research Progress in Alzheimer’s
Disease and Dementia. (Sun M-K, ed). Nova Sci-
ence Publisher, New York. In press.

Gan L (2007) The degradation of amyloid-p: Progress
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Neural stem cell development is impaired in AD mice, and the developmental

defects can be prevented by nicotine treatment. (A) Confocal images of

newborn neurons labeled with retrovirus-EGFP (green) and a neuronal marker
(NeuN, red). (right) Higher-magnification view of the dendritic arborization of

newborn neurons. (B) Nicotine prevented the reduction in the total dendritic
length of newborn neurons in AD mice. White bars, AD mice. Black bars,
nontransgenic (NTG) mice. (C) Nicotine also prevented the reduction of the
peak amplitude of miniature inhibitory postsynaptic currents (mIPSCS).
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Understanding Neurodevelopmental and Neurodegenerative Diseases

Fen-Biao Gao, PhD

Many neurons, especially in the mammalian central
nervous system, have highly branched dendritic
trees that may account for more than 90% of the
neuronal surface. Abnormal dendritic spines and
branching patterns are associated with early-stage
defects in several age-dependent neurodegenerative
disorders. A promising approach to prevent or retard
neurodegeneration is to maintain the structural in-
tegrity of affected neurons.

Frontotemporal dementia (FTD), one of the most
common age-dependent dementias in patients under
65 years of age, has a variable clinical presentation
and genetic basis. Characterizing the affected genetic
pathways will provide important insights and poten-
tial targets for therapeutic interventions for FTD and
possibly other disorders.

Our long-term goals are to dissect genetic pathways
involving FTD mutant genes and to uncover novel
entry points for therapeutic interventions for FTD.
For example, CHMP2B, the gene encoding the hu-
man homolog of the yeast endosomal sorting com-
plex required for transport (ESCRT-III) component
Vps2, is mutated in a rare form of autosomal domi-
nant FTD (FTD3) and amyotrophic lateral sclerosis.
Previously, we identified Shrub, another Drosophila
ESCRT-III subunit. mSnf7-2, one of the two mouse
homologs of Shrub, is highly expressed in most brain
neurons and essential for embryonic development.
Reduced mSnf7-2 activity or increased expression of
mutant CHMP2B in mature cortical neurons caused
dendritic retraction, and affected neurons eventually
died. Mutant CHMP2B did so through a stronger as-
sociation with mSnf7-2, thereby preventing proper
dissociation of ESCRT-IIL Importantly, ESCRT-III
dysfunction caused by decreased expression of

FK2 GFP-LC3 Merged

Control
(72 h)

CH MP2 BIntronS
(48 h)

mSnf7-2 siRNA
(72 h)

mSnf7-2 or increased expression of mutant CHMP2B
led to the accumulation of autophagosomes, special
vesicular structures for bulk degradation of cellular
contents. Our findings suggest a novel pathway for
FTD-associated neurodegeneration.

We are also interested in microRNAs in neuronal
development and disease. These small molecules
control the translation and stability of mRNAs and
are critical to animal development. We found that
microRNA-9a ensures the precise formation of Droso-
phila neuronal precursors. We continue to dissect the
roles of microRNAs in neuronal development and to
examine the contribution of misregulated microRNA
pathways to human neurodevelopmental disorders.
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Two Switches Control Neuronal Expression of Apolipoprotein E

Yadong Huang, MD, PhD

Apolipoprotein (apo) E4 is the best-known genetic
risk factor for Alzheimer’s disease (AD), but there
has been much debate about where and how apoE4
exerts its disease-promoting effects.

New insights have come from studying the path
by which apoE DNA is converted into mRNA in

the nucleus and then into protein in the cytoplasm.

While studying apoE expression in neurons, we
identified a variant of apoE mRNA (apoE-I3) in
which a regulatory sequence (intron 3) was not re-
moved. As a result, the mRNA could not exit from
the nucleus into the cytoplasm. ApoE-I3 mRNA
was detected in neuronal cell lines and in neurons
isolated from brains, but not in other brain cells,
such as astrocytes. ApoE-I3 mRNA was found pre-
dominantly in cortical and hippocampal neurons,
and over 98 % of the apoE-I3 mRNA was retained
in the nucleus without protein translation. In
transfected neurons from mouse brains, more apoE
protein was made when intron 3 was deleted from
the apoE genomic DNA. In contrast, much less
apoE protein was made when intron 3 was inserted
into the apoE cDNA. Thus, retention/removal of
intron 3 in apoE mRNA controls the production of
apoE protein in neurons.

In mouse models, apoE-I3 mRNA levels were
markedly reduced in degenerating neurons; apoE
mRNA showed the opposite pattern. This apparent

precursor-product relationship was supported by
a transcriptional inhibition study. Thus, intron-3
retention/removal governs apoE production in
neurons, suggesting that neuronal production of
apoE is controlled by two switches, as shown in
the figure.

We hypothesize that apoE-I3 mRNA may have a
special intracellular role in neuronal repair. Since
protein is produced more rapidly from pre-existing
mRNA than from transcription of a gene, apoE-I3
mRNA may enable neurons to respond quickly

to injury by making apoE immediately available.
However, since neuron-generated apoE4 is suscep-
tible to cleavage, resulting in neurotoxic fragments,
this adverse gain of function offsets any benefits
gained. Therefore, inhibiting neuronal expression
of apoE might be beneficial for AD patients carry-
ing apoE4. This might be achieved by inhibiting
the processing of apoE-I3 into mature apoE mRNA.
Since apoE-I3 production is neuron-specific, it
could be targeted therapeutically without affecting
apoE expression in other cells.
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Brodbeck J, Balestra ME, Saunders AM, Roses AD,
Mahley RW, Huang Y (2008) Rosiglitazone increases
dendritic spine density and rescues spine loss

caused by apolipoprotein E4 in primary cortical neu-
rons. Proc. Natl. Acad. Sci. USA 105:1343-1346.
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Two-switch model for control
of neuronal expression of apoE.
Normally, transcription of apoE
DNA to mRNA is constitutively
on and generates apok-13 that
is retained in the nucleus. In
response to neuronal injury,
however, intron 3 is removed,
and apoE-13 is processed into
mature apoE mRNA.
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Neurophysiology of Movement Disorders

Anatol Kreitzer, PhD

Neurons in the brain are massively interconnected.
Because of this architecture, degeneration of small
numbers of neurons can affect the flow of informa-
tion through much larger networks. In some cases,
network dysfunction can lead to further neurodegen-
eration. In other instances, network adaptations lead
to additional deficits in brain function. Although
disheartening, this phenomenon may provide new
opportunities for therapeutic intervention in neuro-
degenerative disease.

In movement disorders, certain types of neurons are
lost, causing network dysfunction. In Parkinson’s
disease (PD), the loss of dopamine-releasing cells
results in abnormal function of neurons in other
regions, most notably the striatum. To understand
why striatal cells stop functioning properly in PD,
we investigated signaling downstream of dopamine.
We found that indirect-pathway medium spiny neu-
rons in the striatum normally respond to dopamine
by releasing endocannabinoids, which modulate the
strength of the connections between neurons and
fine-tune signal processing through the entire net-
work. Without dopamine, endocannabinoids were
not efficiently released, which may help explain
why indirect-pathway neural circuits become abnor-
mally excited in PD. Small-molecule inhibitors of
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Schematic (side view) of a mouse brain showing brain regions involved in
motor control. A primary nucleus is the striatum, which contains different
types of neurons, here represented as red and blue dots. Arrows represent
connections between brain areas. Two distinct neural networks connect brain
regions involved in motor planning: the indirect pathway (red) and the direct
pathway (blue). GP: globus pallidus, STN: subthalamic nucleus, GPm: medial
globus pallidus, SNr: substantia nigra pars reticulata.

endocannabinoid breakdown enhanced the ability of
dopamine-like drugs to restore normal movement.

Network dysfunction also occurs in Huntington'’s
disease (HD) and may lead to the degeneration of stri-
atal neurons that control movement. Although the
origin of aberrant neural activity in HD is unclear,

it may eventually be possible to limit cell death by
keeping abnormal network activity in check. We

are beginning to investigate the origins of network
dysfunction in HD, with the goal of discovering
therapeutic targets to limit cell death by normalizing
neural circuit activity in the striatum.

Since disruptions of neural function can propagate
throughout entire networks of neurons, it is criti-
cal to understand the connections between neurons
and how they are modulated by brain chemicals and
neural activity itself. As we gain insight into these
mechanisms, we will be able to develop strategies
to mitigate the deleterious effects of neurological
disease on network activity, thereby limiting the
destructive capacity of neurodegeneration.
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Apolipoprotein E4:

A Causative Factor and Therapeutic Target in Neuropathology

Robert W. Mahley, MD, PhD

Increasing evidence points to an important role
for apolipoprotein (apo) E4 in neurodegeneration
in general and Alzheimer’s disease (AD) in par-
ticular. ApoE4 is the major known genetic risk
factor for AD. Through multiple pathways, apoE4
acts directly or in concert with age, head trauma,
ischemia, inflammation, excess amyloid B peptide

production, or other genetic factors to cause neuro-

logical disorders, accelerating progression, altering
prognosis, or lowering age of onset.

Unique structural features that distinguish the
detrimental apoE4 from apoE3 (the most common
isoform| and apoE2 contribute to the neurodegen-
erative effects of apoE4. In fact, the continuum
represented by the structural differences among
the isoforms is consistent with the continuum in
neuropathology. ApoE3 assumes a pathological
conformation less readily, and fewer subjects with
two apoE3 alleles develop AD. ApoE4 more read-
ily assumes the pathological conformation, and
subjects with one or two apoE4 alleles are at much
greater risk of AD. Subjects with apoE2 tend to be
protected from AD.

Although the apoE isoform structures are in dy-
namic equilibrium, apoE4 can assume a patho-
logical conformation. Im-
portantly, apoE4’s unique

protease inhibitors to prevent the generation of
toxic apoE4 fragments, and “mitochondrial protec-
tors” to prevent cellular energy disruption.

Last year we launched a drug discovery program
with Merck and Co. to target AD and other neu-
rodegenerative disorders. To advance this work
and the work of others at Gladstone, we created
the Gladstone Center for Translational Research
(see page 32).
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Various stressors and injurious agents can cause neuronal injury,
necessitating neuronal repair and remodeling. ApoE3 and apoE2 are
protective and support neuronal repair. However, apoE4 is impaired in its
ability to support those processes, resulting in neurodegenerative changes.
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Histone Deacetylases Modulate Microglial Production of Neurotoxic
Kynurenine Metabolites in a Mouse Model of Huntington’s Disease

Paul J. Muchowski, PhD

The kynurenine pathway (KP) of tryptophan degra-
dation is thought to be important in Huntington’s
disease (HD), a neurodegenerative disorder caused by

a polyglutamine expansion in the protein huntingtin.

Neurotoxic metabolites of the KP, generated in mi-
croglia, are increased in brains of patients and mouse
models during early disease stages. However, the
mechanism is unknown.

Mutant huntingtin seems to induce transcriptional
dysregulation in HD and may repress transcription
in neurons by interfering with histone deacetylases
(HDACs). HDACs remove acetyl groups from his-
tone tails, causing histones to wrap more tightly
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(A) In resting microglia, transcription of KP genes and production of the
neurotoxic kynurenine metabolites 3-HK and QUIN occur at a low basal
level, independent of HDAC regulation. (B) Expression of mutant huntingtin
in microglia causes abnormal microglial activation, HDAC-dependent
transcription of KP genes, and increased production of 3-HK and QUIN.
3-HK and QUIN may impair protection by microglia by generating reactive
oxygen species (ROS) locally but may also cause excitotoxicity and ROS
generation in neurons expressing N-methy! D-aspartate (NMDA) receptors.
(C) Suberoylanilide hydroxamic acid (SAHA) blocks upregulation of KP
franscription, stabilizes 3-HK and QUIN at basal levels, and may prevent
neurodegeneration.

around the DNA and blocking access by transcrip-
tion factors. Histone deacetylation typically reduces
gene expression. HDAC inhibitors, which gener-
ally increase gene transcription, cause significant
improvements in behavior and survival in fly and
mouse models of HD. One inhibitor is being evalu-
ated in a clinical trial in HD patients.

We showed that expression of a mutant huntingtin
fragment induces transcription of the KP in yeast and
that this induction was abrogated by impairing the
HDAC Rpd3. In a mouse model of HD, treatment
with suberoylanilide hydroxamic acid, a neuroprotec-
tive HDAC inhibitor, blocked activation of the KP in
microglia expressing a mutant huntingtin fragment.

These findings suggest that a mutant huntingtin frag-
ment perturbs transcriptional programs in microglia,
implicating these cells as modulators of neurodegen-
eration in HD.
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Preventing Memory Deficits Related to Alzheimer’s Disease

Lennart Mucke, MD

One hundred years after its discovery, Alzheimer’s
disease (AD) remains incurable. Many drugs in
clinical trials aim to reduce levels of the amyloid-B
peptides (AB) thought to cause the disease. The
efficacy and long-term safety of these drugs is
unknown. As a complementary or alternative
strategy, we sought to make the brain more re-
sistant to Ap. In our mouse model, an AD-linked
human gene causes overproduction of AB, memory
deficits, and premature death. Reducing levels of
the protein tau prevented memory deficits and pre-
mature death. Even partially reducing tau levels
was protective, although the mouse brains were
chock-full of AB. Tau is made by all neurons but
its function is poorly understood. We found that
tau reduction blocks ApB-induced neuronal over-
stimulation, which can interfere with brain func-
tions. Mice with reduced levels of tau were also
more resistant against epileptic seizures. These
results were unexpected. They suggest a novel role
of tau in regulating neuronal activity and open up
new ways of thinking about
its involvement in neu-
rological disease. Because
overstimulation of brain
cells contributes to several
neurological diseases, our
findings have broad thera-
peutic implications.
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Tau reduction prevents memory deficits and abnormal brain wave activity in mice with high levels of AB in the
brain. (A) Sections of hippocampus, a brain region critical for memory, were stained with an antibody against AB.
Amyloid deposition (brown) was seen only in human amyloid precursor protein (hAPP) transgenic mice, but not
in a normal wildtype control. (B) In the Morris water maze, mice must search for a hidden target. Target proximity
in their search strategy reflects good learning and memory retention. (C) Brain wave activity in hAPP mice
determined by electroencephalography. An hAPP mouse with normal tau levels (left) had frequent epileptiform
sharp waves; an hAPP mouse lacking tau (right) had a normal pattern. LT: left temporal, RT: right temporal.

hAPP (Tau—/-)

Members of the
Mucke Laboratory

Irene Cheng

Jason Cheng
Jeannie Chin Medina
Alex Chung
Moustapha Cissé
Dena Dubal

John Gray

Julie Harris

Kaitlyn Ho

Daniel Kim

William Meilandt
Jorge Palop-Esteban
Hui Pan

Erik Roberson

René Sanchez-Mejia
Hilda Solanoy

Myo Thwin

Sandy Toh

Xin Wang

Sarah Wilkins
Jinghua Yao
Gui-Qiu Yu

29



Members of the
Weisgraber Laboratory

Belinda Bituin

Danny Hatters
Yvonne Newhouse
Clare Peters-Libeu
Gayathri Ramaswamy
Earl Rutenber

Ning Zhong

Introduction of apoE4 domain

interaction into mouse apoF
generates a mouse model

with functional and cognitive

30

deficits.

Apolipoprotein E4 Domain Interaction
Leads to Functional and Cognitive Deficits

Karl H. Weisgraber, PhD

Our laboratory focuses on determining how the
unique structural properties of apolipoprotein (apo)
E4 contribute to its association with Alzheimer’s
disease and other forms of neurodegeneration. Un-
like the other isoforms, apoE4 displays domain inter-
action, in which the positively charged Arg-61 in the
amino-terminal domain interacts with the negative-
ly charged Glu-255 in the carboxyl-terminal domain.
ApoE4 is also less stable and adopts a loosely folded
molten globule state.

Do both properties lead to a neurodegenerative phe-
notype? To address this question, we took advantage
of the fact that wildtype mouse apoE does not display
domain interaction or molten globule formation.
Mouse apoE lacks the equivalent of Arg-61, but has
the equivalents of Arg-112 and Glu-255. To generate a
mouse model of domain interaction, we introduced an
arginine codon into mouse Apoe. The resulting Arg-61
apoE exhibits domain interaction but not instability.

Arg-61 mice displayed age-dependent loss of the pre-
synaptic protein synaptophysin in the neocortex and
hippocampus and had lower levels of the postsynap-
tic marker neuroligin-1, indicating neurodegenera-
tion. Their ability to increase Arc expression in re-
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sponse to activation of dentate gyrus granule neurons
was also impaired, indicating a synaptic plasticity
deficit. The synaptic deficits were associated with a
mild memory deficit in the water-maze test. Since
synaptic integrity requires efficient glutamate up-
take, we measured astrocyte glutamate transporter 1
in the hippocampus. Arg-61 mice had reduced levels,
suggesting chronic excitotoxicity due to inefficient
glutamate uptake by astrocytes. Cholesterol secre-
tion was reduced 34 %, which could contribute to
the synaptic deficits by limiting the availability of
cholesterol for neuronal repair. In addition, domain
interaction generates a stress response in the endo-
plasmic reticulum of Arg-61 astrocytes, as shown by
increased levels of an astrocyte-specific marker of
the unfolded protein response.

We hypothesize that Arg-61 apoE is recognized as
an abnormally folded protein by the quality control
machinery of the secretory pathway, leading to an
unfolded protein response and dysfunctional astro-
cytes. The reduced cholesterol secretion and Arg-61
apoE-induced stress could compromise the ability of
astrocytes to support and maintain neurons. Thus,
astrocytes may play a more direct role in the associa-
tion between apoE4 and Alzheimer’s disease than
previously appreciated. These findings suggest that
apoE4 domain interaction is a therapeutic target.
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Gladstone in the Community

With each year at Mission Bay, Gladstone is increas-
ingly becoming a hub for events and activities that
contribute to creating this new community. Our
goals are to introduce Bay Area residents to this
campus and to Gladstone, to help educate the com-
munity at large about science, and to inspire future
generations of scientists, particularly among under-
represented populations in our society. We not only
sponsor a variety of events and activities, but we
also open our doors to groups like the Harvard Club,
the California Institute for Regenerative Medicine,
and the Young President’s Organization and other
appropriate groups for their own meetings and
events. In addition, our scientists travel throughout
the Bay Area and the world to speak to scientific,
community, and student groups about our work.

2007 continued to add to the diversity of people
who have been introduced to Gladstone—many for
the first time.

World of Gladstone. Cultural events such as World
of Gladstone are open to the public and celebrate
the fact that Gladstone’s employees hail from more
than 40 countries around the world. Our previous
events have featured international cuisine and
dance from India and Turkey. In 2007, World of
Gladstone visited the Philippines with Kayamanan,
an extraordinary evening of food and dance that at-
tracted the largest audience yet.

Educating the Public. Our Science for Life public
lecture series highlighted our work and progress in
Alzheimer’s disease research with a presentation by
Lennart Mucke, co-promoted with the Alzheimer’s
Association in March. In October, Robert Farese
and Thomas Bersot spoke on another popular topic,
“The Skinny on Fat,” covering obesity, diet, and

the metabolic syndrome. We've also taken these
subjects on the road. Deepak Srivastava spoke about
heart development and stem cells to the Common-
wealth Club, members of the St. Francis Yacht Club,
and a special “Science Salon” held at the home of
one of our Advisory Board members. Li Gan spoke
at an Alzheimer’s Association fundraiser by Asian
Americans. Bruce Conklin also participated in panel
discussions on stem cell research following a film
screening by PBS’s Independent Television Service.

Scientific Meetings and Conferences. We've also
initiated programs to bring leading scientists to-
gether to address key issues in Alzheimer’s research
and brain disease. Gladstone’s Lennart Mucke and
Bruce Miller of UCSF’s Memory and Aging Center
created the Gladstone/UCSF Asian Brain Health
Initiative to collaborate on ways to fight Alzheim-
er's disease in China and among Chinese living in
the Bay Area. The initiative began its effort in May
2007 with a groundbreaking symposium bringing
our scientists together with Chinese researchers in
Beijing. GIND’s Paul Muchowski and Li Gan held a
symposium bringing together the country’s leading
investigators to discuss the role of microglia in neu-
rodegenerative disease.

Student Outreach. Reaching out to help inspire
future generations of scientists is a priority for ev-
eryone at Gladstone. We hope to inspire some of our
own children during “Take Our Daughters and Sons
to Work Day” activities. And we take our respon-
sibility to the next level by hosting 450 high school
juniors and seniors from around the country who
participate in the National Student Leadership Con-
ference (NSLC). In addition to providing lectures
and 10 different demonstrations for each of 3 half-
day sessions, in 2007 Gladstone awarded 21 NSLC
scholarships to exceptional students from San Fran-
cisco who would not otherwise be able to partici-
pate in this outstanding program. In 2007, we had
twice as many applicants as we had scholarships.

In all, it takes more than 70 Gladstone employees
to volunteer for this complex but highly rewarding
activity. Other ad hoc activities also take our young
scientists out to local middle and high schools. In
2007, nine of our young researchers spoke with
more than 500 students in Castro Valley, California.

Hosting Local Organizations and Events. Gladstone
is pleased to provide a venue for meetings and ac-
tivities of a variety of groups. In 2007, we hosted a
meeting of the Harvard Club featuring stem cell re-
searcher Douglas Melton. We also were honored to
have the President’s Council for the Advancement
of Science and Technology hold their meeting here.
Others who have visited include BayBio’s Technol-
ogy Showcase and Bay City Capital, to name a few.
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Gladstone Center for Translational Research Director’s Report

stablished in 2006, the Gladstone Center for

Translational Research continues to thrive and

grow. This year the Center has added two new
projects, and I anticipate that more will be initiated
over time.

Gladstone’s strength has always been in basic re-
search, and we will continue that focus. But the
Center will accelerate the movement of those basic
research discoveries into clinical studies and bring
the benefits of that basic research to patients more
quickly.

Gladstone is uniquely positioned to conduct this
type of research. Translational research seeks to
bridge the gap between basic research findings and
clinical applications. Gladstone’s philosophy and ap-
proach focus on collaborations across research teams
and institutes, and its relatively small size allows it
to respond quickly to opportunities.

The Center for Translational Research will remain
under our nonprofit umbrella. Any royalties from
products developed by Gladstone and marketed by
the Center’s partners will go back into the Institutes
to fund future research.

The Projects

The Center is currently involved in three collab-
orative efforts with three corporate partners. As
research programs at all three institutes continue to
mature, other candidates will likely be identified for
further development in the new Center.

Apolipoprotein E as a Therapeutic Target
for Alzheimer’s Disease

Investigators

Robert W. Mahley, MD, PhD
Karl H. Weisgraber, PhD
Yadong Huang, MD, PhD

Corporate Partner: Merck & Co.

Gladstone is pursuing therapeutic targets for Al-
zheimer’s (AD), Parkinson’s, and other neurological
diseases. This 4-year collaborative research program
will build upon the promising findings of Gladstone’s
research on apolipoprotein (apo) E and its isoforms.

ApoE exists in three common isoforms, apoE2, apoE3,
and apoE4, which differ from each other by a single
amino acid interchange. However, the structural
differences that result give rise to profound differ-
ences in the physiological effects of the isoforms. For
example, while apoE3 and apoE2 are neutral or even
protective against AD, apoE4 is the greatest known
genetic risk factor for AD.

Three potential therapies involving apoE4 have been
suggested by preliminary work.

e Small molecules that “correct” the structure of
apoE4, blocking its detrimental effects by making
it more like apoE3.

o Inhibitors of the apoE-cleaving enzyme. ApoE4 is
cut by an enzyme into toxic fragments found in
the brains of patients with AD. Compounds that
prevent this cleavage would block the formation of
these toxic fragments.

Apolipoprotein E4 isoform

is the greatest known risk
factor for Alzheimer’s disease.
The ribbon moael depicts

the structure of apoE4 with

its amino-terminal (colored
a-helices) and carboxyl-
terminal (gray helix) domains.
In apoE4, arginine-112
causes arginine-61 to interact
with glutamic acia—255.
Unique to the apoE4 isomer,
this “domain interaction”
changes the structure of
apoE4 and likely provides the
molecular basis for apoE4’s
pathological properties.

e Inhibitors of apoE4-induced im-
pairment of mitochondrial integrity
and function. The toxic fragments
of apoE4 impair the action of mito-
chondria, which provide energy for
cells. Drugs that prevent this attack
Glu-255 on the mitochondria would prevent
the disruption of energy metabolism
that leads to the death of neurons.

“ApoE4 is key to so many aspects
of the pathology of Alzheimer’s dis-
ease,” said Dr. Huang. “Whatever

S e r ] mechanism is finally determined to

| beat the root of this devastating dis-
ease, it’s hard to believe that apoE4
will not be involved, and this col-
laboration with Merck will help us
to determine that.”




Vif and APOBEC3G

Investigator
Warner C. Greene, MD, PhD

Corporate Partner: Gilead Sciences, Inc.

The research is focused on the HIV protein Vif. Vif
promotes destruction of a potent host antiviral factor
that is critical for the effective growth and spread of

the virus in infected patients.

Groundbreaking work in Dr. Greene’s lab revealed
that Vif interferes with the potent antiviral function
of a naturally occurring cellular factor, APOBEC3G,
which if incorporated into budding HIV virions
causes lethal mutations in the virus that block its

ability to grow in the next cell it attempts to infect.

Under the agreement, Gilead will provide undis-
closed research support as well as downstream

royalty payments and milestone fees on inhibitors

of Vif action resulting
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from the collaboration.

“If we are able to suc-
cessfully target Vif, we
can re-enable the po-
tent antiviral activity
of APOBEC3G. Such
agents would represent
an entirely new class
of HIV antiviral drugs,”
Dr. Greene said. “We
are looking forward to
a stimulating and pro-
ductive collaboration
with Gilead, which has
been a leader in HIV

HIV life cycle in activated and resting CD4 T cells.

drug development.”

HIV Latency

Investigator
Eric Verdin, MD

Corporate Partner: JT Pharma

The research is focused on understanding the molec-
ular mechanisms responsible for the establishment,

maintenance, and reactiva-

of HIV, the virus reemerges rapidly once therapy is
interrupted. These cells contain a transcriptionally
inactive integrated HIV genome.

“Overcoming the latency problem is key to finally
defeating AIDS,” said Dr. Verdin. “We have great

Productively Infected Cells

hope that our work in the CTR will speed our find-
ings into practical applications.”

Latently Infected Cells

tion of latent HIV. Latency
has emerged as a serious prob-
lem in eradicating HIV/AIDS.

Treatment with highly ac-

tive antiretroviral therapy

can control HIV infection for
prolonged periods. Viral loads
are suppressed to undetect-
able levels, and patients show
marked clinical and biological
improvement. However, ow-
ing to the persistence of a pool
of cells harboring a latent form
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If latently infected cells can be activated, the virus can be killed by highly active antiretroviral therapies (HAART).
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Supporting Science at Gladstone
Developments in Institutional Advancement

Philanthropy is what created The J. David Gladstone
Institutes more than 28 years ago, producing an inde-
pendent biomedical research institute that has com-
piled a remarkable record of trailblazing discoveries.
Through the inspiration and generosity of Mr. Glad-
stone and the leadership of the Gladstone Trustees,
the research organization bearing his name is generat-
ing vital new knowledge that is helping to revolution-
ize the way we prevent, diagnose, treat, and ultimate-
ly cure some of the major threats to our health.

The Gladstone Opportunity Campaign

At the end of 2007, more than $17 million had been
pledged toward the $35 million campaign goal to
supplement funding for the recruitment of new in-
vestigators, new initiatives, and state-of-the-art sci-
entific equipment. The three institutes, the shared
core facilities, postdoctoral fellows, and investigators
have all benefited from gifts to the campaign. Con-
tributions have also enabled Gladstone to build-out
and outfit laboratories dedicated to research on stem
cells, as well as cardiovascular, neurological and vi-
rological research.

Endowment

Gladstone’s Trustees have built a solid financial foun-
dation. Budgets have been balanced every year since
Gladstone was established, and the endowment fund
is now valued at approximately $215 million. Annual
income from the Gladstone endowment supplements
federal grant support by providing vital “seed” funds
to support innovative research, to allow Gladstone to
recruit and support talented young investigators who
are not yet eligible for federal funding, and to enable
Gladstone to purchase critically needed research in-
struments and equipment.

Grants

Gladstone continues to receive a majority of its
financial support from grants from the National In-
stitutes of Health and other federal agencies. In an
era of increased competition for a decreased pool of
funds, Gladstone continues to be funded at approxi-
mately twice the national approval rate. In addition,
since the establishment of the California Institute
for Regenerative Medicine, Gladstone has received
eight awards totaling almost $10 million, the larg-
est sum awarded to any of California’s independent
research institutes.

The Gladstone Advisory Council

The Gladstone Advisory Council remains an impor-
tant part of this effort. Composed of distinguished
business, professional, civic, academic, and philan-
thropic leaders from the Bay Area and beyond, Coun-
cil members contribute their time, ideas, and other
resources in support of Gladstone. Since the forma-
tion of the Council in 2003, members have advised
Gladstone on strategic and tactical matters of critical
importance to Gladstone’s effective operation and
scientific impact, assisted in ensuring Gladstone’s
financial stability, advised on translating its scientific
discoveries for application to public health, helped
increase public awareness, and assisted in developing
a strong philanthropic support base.

To further formalize and structure the role of the
Advisory Council, four working committees were
formed to help Council members focus their exper-
tise and insights on specific matters of significant
concern to Gladstone’s operations and future plans.

The Strategic Planning Committee, chaired by Blake
Winchell, Managing General Partner of Fremont Ven-
tures, has responsibility for reviewing various ways
the Council is structured and populated so that it

can provide useful perspectives on important issues
confronting a private, nonprofit independent biomedi-
cal research institute. The Investment Committee,
chaired by Nick Simon, Managing Director of Clarus
Ventures, advises Gladstone’s Trustees on ways to op-
timize the management of its investment portfolio to
increase financial returns to help support Gladstone’s
planned growth and current programmatic needs. The
Intellectual Property Committee, headed by Fred
Craves, Founder and Managing Director of Bay City
Capital, helps Gladstone explore ways to facilitate the
translation of scientific discoveries into the commer-
cial arena. Gladstone’s goal of becoming one of San
Francisco’s most important civic, economic, and in-
tellectual assets rests with the Community Relations
Committee. Chaired by Sue Siegel, Partner at Mohr
Davidow Ventures, the committee works closely with
Gladstone’s leadership, particularly with members of
the Institutional Advancement and Public Relations
teams, to develop and implement strategies and tac-
tics to increase public awareness of Gladstone’s name,
mission, and objectives, the unique qualities that
distinguish Gladstone from research universities, the
importance of charitable support, and the promotion



of its accomplishments while emphasizing the excite-
ment and promise of the future.

Thanks to the hard work and support of many people
associated with Gladstone, we have received several sig-

nificant gifts this past year.

Betty Jean and Hiro Ogawa: $1 million in support of the
Gladstone Institute of Virology and Immunology.
Stephen D. Bechtel, Jr.: significant support for the
build-out of the Neurobehavioral Lab at the Gladstone
Institute of Neurological Disease and for Erik Roberson’s
work in Alzheimer’s disease research.

The Hearst Foundation, Inc.: $250,000 to strengthen re-
cruitment and retention strategies by providing childcare
subsidies to Gladstone employees.
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Founder, Chairman, and
Co-Chief Executive Officer
WR Hambrecht + Co

Mary Huss
Publisher
San Francisco Business Times

Julius R. Krevans, MD
Chancellor Emeritus
University of California,
San Francisco

Joel S. Marcus

Chief Executive Officer,

Founder, and Director

Alexandria Real Estate Equities, Inc.

Donald G. Payan, MD
Executive Vice President and
Chief Scientific Officer

Rigel, Inc.

H. Daniel Perez, MD
Venture Partner

Bay City Capital

J. Misha Petkevich, DPhil
Partner

BladeRock Capital, LLC

David R. Phillips, PhD
Senior Vice President, Biology
Portola Pharmaceuticals, Inc.

Lisa R. Pieper, MD, MBA
Life Sciences Practice
Spencer Stuart

William S. Price Il (Chair)
Founding Partner
Texas Pacific Group

Derek C. Schrier
Managing Member
Farallon Capital Management, LLC

Stephen A. Sherwin, MD
Chairman and

Chief Executive Officer
Cell Genesys, Inc.

Susan E. Siegel
Partner
Mohr Davidow Ventures

Nicholas J. Simon
Managing Director
Clarus Ventures, LLC

Bruce W. Spaulding

Senior Vice Chancellor

University Advancement & Planning
University of California,

San Francisco

Trevor Traina

Chairman

Schemalogic, Inc.

Lisa Walsh

Partner and Director

Bain & Company

Brayton Wilbur, Jr. (dec.)
Chairman

Wilbur-Ellis Company

W. Blake Winchell
Managing General Partner
Fremont Ventures

William H. Younger, Jr.

Managing Director
Sutter Hill Ventures

Donors to the Gladstone Opportunity Campaign

\

Donor Funding
Source Analysis

Foundations (28%)

__—— OtherSources (15%)

e—

Trustees and Staff (3%)
Bequests (2%)
Corporations (1%)
Advisory Council (51%)

(Reflects cumulative gifts of $100 or more in 2007)

Deborah Addad
In memory of Charles Goodman
and Tony Addad

Agilent Technologies Foundation
Anonymous (11)

Susan M. Ballati

Shaundra Bason

Stephen D. Bechtel, Jr.

Jeanette K. Belz
In honor of Thomas P. Bersat, MD, PhD

Mr. and Mrs. Edwin L. Berkowitz
Benoit G. Bruneau
William K. and Jean Coblentz

Susan Desmond-Hellmann, MD, MPH
and Nicholas S. Hellmann, MD

Robin and Chris Donohoe
Frederick Dorey and Teresa Wright
Mr. and Mrs. William H. Draper Ill
Susan B. Dzierson

Elim Biopharmaceuticals, Inc.

The Fitzpatrick Foundation
In‘honor of Holly Smith

Frazier Family Foundation

The Fremont Group Foundation
Robert Frost

David and Alena Goeddel

Lee E. Gordon, MD, PhD
Neale A. Grasham

Warner and Peggy Greene
Patricia J. Guy

The Hearst Foundation, Inc.

Suzanne Hertel
In honor of Anne Snyder

Lynne Hofmann
In memory of Dorothy Clarke

Marilyn M. Holloway

Drs. Yadong Huang and Yinghui Miao
Mrs. Freddie Hurt

Stephen Johnson and Kimberly Fullerton
Sally King

Gerald and Rosette Koch

Ken and Meghen Kurtzig

Mrs. George Kwei
In memory of George Kwei

Carol J. Lange

Mr. and Mrs. Andrew J. Leahy

William and Myrtle Lolatte Family Trust
The Mahley Family Foundation

Robert W. and Linda L. Mahley

Merck Research Laboratories

David L. Mitchell and Judith L. Bradley
Patty Moncada and Eric Cohen

Leslie Mulholland and family

Steven O'Heron

Betty Jean and Hiro Ogawa

Daniel and Betty Oshiro

H. Daniel and Claudia Perez

Elisabeth and Misha Petkevich

David and Mary Phillips

LisaR. Pieper, MD

John and Gale Plane
In memory of Emmett and Dorothy Larkin

William S. Price lll
Cecily Cameron and Derek Schrier

Dr. Stephen A. Sherwin and
Merrill Randol Sherwin

Sue Siegel and Bob Reed

Anne Snyder
In memory of Rulon S. Mahannah
In memory of Sheelah Castle

Carla Snyder
In honor of Anne Snyder

Denise and Deepak Srivastava

Harold S. and Vera Stein
In'honor of Robert and Linda Mahley

Nancy E. Surkin
In honor of Bruce Conklin

Margaret and Michagl D. Torpey

Trustees of The J. David Gladstone Institutes

Wayne and Gladys Valley Foundation
Eric Verdin and Melanie Ott

Lisa and Richard Walsh

Diane B. Wilsey

Mr. and Mrs. Wm. Blake Winchell
Robert W. Young

Anne M. Zucchi

Every effort has been made to assure the accuracy of these names.
Please contact Shaundra Bason at 415-734-2015 or sbason@gladstone.ucsf.edu

if there are omissions or errors.
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