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ast year was the busiest year
I have experienced during my
tenure at Gladstone. Fortunately,

it was also among our most success-
ful years in terms of both scientific
advances and overall development of
the Gladstone Institute of Neurological
Disease (GIND). Like the other Glad-
stone Institutes, the GIND uses highly
collaborative, interdisciplinary team
approaches to tackle major unresolved
biomedical problems.

This includes a drug development
program for Alzheimer’s disease (AD)
and related conditions, in which Drs.
Yadong Huang, Robert Mahley, and
Karl Weisgraber collaborate with
Merck scientists to develop drugs
aimed at apolipoprotein (apo) E4, the
most important genetic risk factor for
AD. Three apoE4-related targets are
being pursued in this program and
major progress was made last year in
the identification of small molecules to
correct the disease-causing conforma-
tion of apoE4 and in the characteriza-
tion of an enzyme that generates neu-
rotoxic apoE fragments in neurons. In
related studies, Dr. Weisgraber and
his team advanced our understanding
of the three-dimensional structure of
lipid-bound apoE, which could assist in
the design of drugs aimed at apoE4. His
group further demonstrated that apoE4
impairs not only neurons, but also astro-
cytes, brain cells that support neuronal
functions, adding insult to injury.

The Taube-Koret Center for Hunting-
ton’s Disease Research is another exam-
ple of a concerted effort by GIND investi-
gators to attack a devastating neurologi-
cal disease. Drs. Steven Finkbeiner and
Paul Muchowski, who have joined forces
in this endeavor, are already ahead of the
milestones they defined toward the iden-

tification of better treatments for Hun-
tington’s disease (HD) when the center
was established not even a year ago.
Both of these programs are described
more fully in the section on Gladstone’s
Center for Translational Research.
Another trailblazing effort to develop
better treatments for neurodegenera-
tive disorders is the Consortium for
Frontotemporal Dementia Research, in
which GIND investigators Drs. Li Gan,

“WE WILL CONTINUE
TO ADVANCE OUR
UNDERSTANDING OF
THE NERVOUS SYSTEM
AND CONTRIBUTE EVER
MORE ACTIVELY TO
THE DEVELOPMENT

OF BETTER
TREATMENTS FOR
MAJOR NEUROLOGICAL
DISEASES.”

—LENNART MUCKE

Fen-Biao Gao, and Finkbeiner and
GICD investigator Dr. Robert Farese
collaborate seamlessly with scientists
at UCSF and at other centers of excel-
lence across the U.S. GIND investi-
gators played lead roles in two major
advances made by this consortium last
year: (1) the identification of drugs that
can increase the expression of a pro-
tein called progranulin, deficiency of
which is responsible for a proportion
of cases with frontotemporal demen-
tia (FTD), and (2) the establishment

of induced pluripotent stem @GPS) cells
from patients with FTD. More informa-
tion about iPS cells can be found in the
GICD section.

There has also been a great deal of
progress in individual research labora-
tories. Two major studies focused on the
development of newborn neurons in the
context of AD. Stimulating the growth of
new neurons to replace those lost in AD
is an intriguing therapeutic possibility
that has recently moved into the lime-
light of biomedicine through promis-
ing developments in stem cell biology.
But will the factors that cause AD allow
the new neurons to thrive and function
normally? Scientists at the GIND dis-
covered that two main causes of AD—
amyloid-p (Ap) peptides and apoE4—
impair the growth of new neurons born
in adult brains. What is more, they iden-
tified drug treatments that can normal-
ize the development of these cells even
in the presence of AB or apoE4.

Although it had long been assumed
that neurons cannot be renewed, it is
now well established that new neurons
are generated throughout the lives of
mammals. One brain region in which
new neurons are born in adults, the hip-
pocampus, is involved in learning and
memory and affected severely by AD.
In collaboration with my group, Dr. Gan
studied the development of neurons born
in the hippocampus of adult mice geneti-
cally engineered to produce high levels
of human Af in the brain. Surprisingly,
Ap initially accelerated the development
of newborn neurons but then profoundly
impaired their maturation at later stages
of development. Notably, we were able to
protect the newborn neurons and ensure
their normal development with drugs that
counteract Ap-induced abnormalities in
neural network activity. It is possible that
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these drugs could support the develop-

ment of neurons from stem cells even in
the hostile environment of the AD brain.

In a complementary study, Dr.
Huang and his team used genetically
engineered mice to study the effects of
different human apoE variants on the
maturation of neural progenitor cells,
from which new neurons develop in the
adult brain. They found that apoE4 also
impairs the development of new neu-
rons in the hippocampus and identified
drug treatments that could block these
detrimental effects. Their findings sug-
gest that apoE4 inhibits the develop-
ment of newborn neurons by impairing
specific signaling pathways and that
boosting these pathways might encour-
age the development of new neurons
from stem cells to replace those lost in
apoE4 carriers with AD.

Although stem cell therapy for AD is
still a long ways off, these studies have
identified strategies to overcome major
obstacles in the path toward this goal.
They clearly demonstrate that drugs
can be used to improve the develop-
ment of newborn neurons in memory
centers of the adult brain, even in the
presence of toxic factors widely pre-
sumed to cause AD.

Parallel studies have focused on
other types of neurodegenerative dis-
ease. Dr. Gao and his group showed
that a mutant gene that causes FTD in
humans misregulates the Toll signal-
ing pathway, which is involved in many
important biological processes. What is
more, they found that serpin 5, a largely
uncharacterized serine protease inhibi-
tor, was able to correct this misregula-
tion, opening up potential new avenues
for therapeutic intervention. The inves-
tigators also demonstrated that inhib-
iting autophagy, a process involved in

the degradation of a cell’s own compo-
nents, delayed neuronal loss caused by
the same FTD-linked gene.

In contrast, Dr. Finkbeiner and his
collaborators showed that pharmaco-
logical induction of autophagy protected
motor neurons in a different neurode-
generative disease called spinal and
bulbar muscular atrophy, highlighting
the mechanistic heterogeneity of neu-
rodegenerative disorders and the com-
plexity of the autophagy pathway.

Other studies in the laboratories of
Drs. Gao and Finkbeiner focused on
TDP-43, an evolutionarily conserved
RNA-binding protein implicated in the
pathogenesis of FTD, amyotrophic lat-
eral sclerosis (ALS), and other neuro-
degenerative diseases. Dr. Gao’s team
revealed an essential role for TDP-43
in the structural integrity of neuronal
branches called dendrites, supporting
the notion that loss of normal TDP-43
function in diseased neurons may com-
promise neuronal connectivity before
neuronal cell loss occurs in FTD and
ALS. Dr. Finkbeiner’s group discovered
that the toxicity of disease-linked muta-
tions in TDP-43 depends on the mislo-
calization of TDP-43 from the neuronal
nucleus into the cytoplasm.

Using atomic force microscopy, Dr.
Muchowski and his coworkers demon-
strated that abnormal proteins associ-
ated with HD adopt multiple conforma-
tions in solution that can be readily dis-
tinguished by monoclonal antibodies, a
finding that has important implications
for understanding the structural basis
for the toxicity of these proteins and the
development of intrabody-based thera-
peutics for HD and related conditions.

Many patients with Parkinson’s dis-
ease (PD) already benefit from the
implantation of stimulating electrodes

into motor control centers of the brain,
but this approach is still rather crude.
More sophisticated approaches are
needed to reestablish the fine bal-
ance between movement-promoting
and -inhibiting circuits that diseases
such as PD and HD destroy. Promis-
ing advances have been made in this
regard by Dr. Anatol Kreitzer through
work carried out in our Keck Program
for Striatal Physiology and Pathophysi-
ology. Expressing ion channels that can
be activated by light in specific groups
of neurons in motor control centers
and implanting thin fiberoptics into the
brain in mouse models, Dr. Kreitzer
and his group have begun to modulate
the activity of neuronal circuits that
are affected in patients with HD or PD.
Using this system, they can now define
the network activity patterns that block
or facilitate movements, which should
provide useful guidance in the develop-
ment of better treatments for these dis-
abling conditions.

To further solidify our efforts in AD
research, we carried out a rigorous
national search for an outstanding inves-
tigator with a strong focus on the devel-
opment of better treatments for this
devastating disorder. The joint GIND/
UCSF search committee included
Drs. Katerina Akassoglou, Ying-Hui
Fu, Jennifer Lavail, Robert Messing,
Bruce Miller, Paul Muchowski, Brian
Shoichet, and myself. Dr. Gan, then a
staff research investigator at the GIND,
was unanimously identified as the top
candidate among a competitive group of
applicants. Her research focuses on har-
nessing Ap-degrading enzymes to rid
the brain of poisonous AP aggregates,
inhibiting detrimental inflammatory
activities, and the therapeutic modula-
tion of sirtuins, a fascinating group of



regulatory proteins that play key roles
in normal aging and aging-associated
diseases. I am delighted that Dr. Gan
joined our faculty in September as an
assistant investigator and I thank the
search committee for their outstand-
ing efforts. I am also indebted to the
L.K. Whittier Foundation, the Stephen
Bechtel Fund, and Mr. A.W. Clausen,
who made this recruitment possible.
Dr. Gan holds joint appointments as
assistant professor in the Department
of Neurology and the Neuroscience
and the Biomedical Sciences Graduate
Training Programs at UCSF.

As in previous years, GIND scien-
tists promoted collaborations and the
exchange of ideas among scientists on
a broad scale by organizing symposia.
Among them was a behavioral neuro-
science symposium, which brought
together leading researchers and a
capacity crowd of attendees to Glad-
stone’s Mahley auditorium. Organized
by Dr. Nino Devidze, who directs the
Stephen D. Bechtel Jr. Neurobehavioral
Assessment Core at the GIND, the pro-
gram focused on using animal models
to study a range of neurological dis-
eases, including AD, HD, PD, autism,
and others. The symposium provided an
excellent platform for a fruitful interdis-
ciplinary discussion of the advantages
and limitations of using animal models
to study these conditions.

Another symposium that triggered
lots of positive feedback from the sci-
entific community was co-organized by
Dr. Jeffrey Noebels (Baylor College)
and myself at the annual meeting of the
Society for Neuroscience in Chicago.
Entitled “Alzheimer’s Disease and
Epilepsy: Converging Mechanisms and
Therapeutic Opportunities,” the sympo-
sium highlighted recent findings sug-

gesting an intriguing overlap between
AD and epilepsy that might present
novel entry points for therapeutic inter-
ventions. Dr. Jorge Palop, who was pro-
moted to staff research investigator at
the GIND last year, played a key role
in connecting these traditionally sepa-
rate disciplines. His most recent find-
ings suggest that AP elicits aberrant
excitatory network activity by impairing
specific ion channels on select groups of
inhibitory interneurons in the cortex.

I could not be happier about the prog-
ress the institute has made during the
past year and would like to thank our
investigators, trainees, research staff,
and administrators, as well as the sup-
porters of our mission, for making these
advances possible. Inspired by this
year’s progress and J. David Gladstone’s
vision of a healthier future for human-
kind, we will continue to advance our
understanding of the nervous system
and contribute ever more actively to the
development of better treatments for
major neurological diseases.
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Katerina Akassoglou, PHD
Fibrinogen, Inflammation,
and Neurodegeneration

RESEARCH IN MY LABORATORY focuses
on the molecular and cellular mecha-
nisms that are dictated by the extracel-
lular environment after vascular damage
and regulate degenerative and repair
processes upon injury or disease. We
integrate animal modeling, in vivo two-
photon microscopy, tissue culture, and
biochemical techniques to address the
biological complexity of disease and
repair mechanisms.

Fibrinogen, a critical component of
blood coagulation and inflammation,
crosses a damaged blood-brain barrier
and accumulates as fibrin deposits at
sites of injury. We showed that fibrino-
gen participates in both the inflamma-
tory response and tissue remodeling/
repair in the nervous system and uti-
lizes receptors of neural cells to exert
deleterious effects. Understanding the
receptor interactions that are respon-
sible for these effects is essential for
identifying pharmacologic strategies to
block fibrin’s deleterious actions in the
nervous system without increasing the
risk of bleeding or thrombotic events.
We also showed that fibrin deposition,
scar formation, and tissue repair are
under neuronal control. Further, the
neurotrophin receptor p75NTR inhib-
its fibrin degradation at sites of injury
by regulating cAMP and promotes cell
differentiation during tissue repair in a
neurotrophin-independent manner.

We also solved a difficult technical
problem of imaging the neurovascular
interface in living mice. Multiphoton
microscopy allows direct observation
of cells and their behavior in transgenic
mice expressing fluorescent proteins
driven by tissue-specific promoters in
vivo. This approach revolutionized our
thinking about synaptic activity, glial

cell motility, and other normal brain
functions. We developed a novel method
that overcomes the movement artifacts
generated by the breathing and heart-
beat of the living mouse, enabling us to
stably and repetitively image the neu-
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Fibrinogen-induced signal transduction in the
nervous system. Fibrinogen elicits diverse biologic
responses by inducing distinct signal transduc-
tion pathways in neural cells. Fibrinogen induces
ERK 1/2 phosphorylation in Schwann cells and
inhibits remyelination, activates the CD11b/CD18
integrin receptor in microglia, induces phagocy-
tosis, and phosphorylates the EGF receptor in

neurons, causing inhibition and neurite outgrowth.

Fibrinogen signal transduction may modulate
inflammatory, neurodegenerative, and repair
processes in diseases associated with blood-brain
barrier disruption and vascular damage.

rovascular interface in the spinal cord.
This approach will allow us to answer
fundamental questions related to dis-
ease etiology and pathogenesis and
identify mechanisms of cell-cell interac-
tions at the neurovascular interface.

RECENT PUBLICATIONS

Friedman B, Schachtrup S,
Tsai PS, Shih AY, Akassoglou
K, Kleinfeld D, Lyden P (2009)
Acute loss of Aquaporin 4 in
relation to vascular injury after
stroke. Stroke 40: 2182-2190.

Gaultier A, Wu X, Le Moan
N, Takimoto S, Mukandala S,
Akassoglou K, Campana MW,
Gonias SL (2009) Low density
lipoprotein receptor-related pro-
tein-1 is an essential receptor for
myelin phagocytosis. J. Cell Sci.
122:1155-1162.

Ryu JK, Davalos D, Akassoglou
K (2009) Fibrinogen signal
transduction in the nervous
system. J. Thromb. Haemost.
7S1:151-154.



Steven Finkbeiner, MD, PHD
Out of Bounds: Mislocation
of TDP-43 Causes Neuronal

Degeneration

TDP-43 1S A COMMON NUCLEAR PROTEIN
that binds DNA and RNA, inhibits retro-
viruses, and helps with RNA splicing
and nuclear body formation. It also shut-
tles mRNA to the cytoplasm. However,
in patients with amyotrophic lateral scle-
rosis and certain forms of frontotempo-
ral dementia, TDP-43 is redistributed
from the nucleus to the cytoplasm and
forms insoluble TDP-43 aggregates in
the nucleus, cytoplasm, or processes.

To investigate how TDP-43 might
contribute to neurodegeneration, we
used genetic engineering to add a flu-
orescent tag to normal (wildtype) and
mutant TDP-43 in primary rat neurons.
We used primary neurons because
they retain many features of cells in
intact brain, including many “normal”
features of TDP-43, such as its pre-
dominantly nuclear location. To deter-
mine the effects of the mutant protein,
we used an automated microscope that
can examine hundreds of thousands of
neurons individually over several days.
We then used sophisticated statistics
to follow the fate of each individual
neuron and determine its risk of death
at any given time.

Mutant TDP-43 was toxic to neu-
rons and was abnormally abundant in
the cytoplasm. Although the mutant
protein formed aggregates called
inclusion bodies, they did not affect
the risk of cell death. However, the
amount of cytoplasmic TDP-43 was
a strong independent predictor of
neuronal death. We also showed
that targeting wildtype TDP-43 to
the cytoplasm recreated the toxicity
of mutant TDP-43 and that the toxic
effect of the mutant protein could be
blunted by preventing its export from
the nucleus. Thus, the toxicity of the

mutation seems to depend
on cytoplasmic mislocaliza-
tion of TDP-43.

This model system can
be used to understand how
mutant TDP-43 causes neu-
rodegeneration and pro-

vides a way to search for P
potential therapies. 64 o Cytoplasmic
5 Nuclear = v :
S 5
RECENT PUBLICATIONS a
Barmada SJ, Skibinski G, Korb g 44
E, Rao EJ, Wu JY, Finkbeiner @
S. Cytoplasmic mislocalization ﬁ 3
of TDP-43 is toxic to neurons 2 2
and enhanced by a mutation E 1
associated with familial ALS. E 1]
J. Neurosci. In press. 3
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S (2009) High-content screening
in primary neurons. Curr. Opin.
Neurobiol. 18:537-543.

Gu X, Greiner ER, Mishra R, Kodali R,
Osmand A, Finkbeiner S, Steffan JS,
Thompson LM, Wetzel R, Yang XW (2009)
Ser’® and Ser'$ are critical determinants
of fulllength human mutant huntingtin—
induced disease pathogenesis in HD mice.
Neuron 64:828-840.

Pintchovski SA, Peebles CL, Kim HJ, Verdin
E, Finkbeiner S (2009) The serum response
factor and a putative novel transcription factor
regulate expression of the immediate-early
gene Arc/Arg3.1 in neurons. J. Neurosci.
29:1525-1537.

Tsvetkov A, Wong J, Rao V, Finkbeiner S.
Differential regulation of autophagy in neu-
ronal and non-neuronal cells. Autophagy.
In press.

Time (h)

Cytoplasmic TDP43-EGFP significantly in-
creases the risk of death in transfected neurons.
(A-Q) Cells displaying purely nuclear (arrow)

or both nuclear and cytoplasmic (arrowhead)
TDP43-EGFP were identified by fluorescence
microscopy. (A) EGFP fluorescence. (B) mCherry
fluorescence. (C) Merged image with EGFP
fluorescence in green, mCherry fluorescence in
red, and overlap in yellow. Scale bar, 10 pm.

(D) Kaplan-Meier survival analysis of neurons
with matched expression levels and either
nuclear localization of TDP43-EGFP (nuclear,

n = 153) or nuclear and cytoplasmic localization
(cytoplasmic, n = 258), demonstrating the toxic-
ity of cytoplasmic TDP43-EGFP.
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Li Gan, PHD

Unbalanced Neuronal Activity
Impairs Adult Neurogenesis
in Alzheimer’s Disease Models

THE REGION OF THE BRAIN called
the hippocampal formation is critical
for learning and memory and is espe-
cially vulnerable to neuronal loss in
Alzheimer’s disease (AD). It is also
one of the few regions in which new
neurons are constantly being “born” in
adult rodent and human brains. Adult-
born neurons arise from neural stem
cells, which can develop into several
types of brain cells and thus have the
potential to replace degenerating neu-
rons in AD. However, the pathogenic
and aging microenvironment in AD
brains might adversely affect the devel-
opment of neural stem cells into mature
neurons. One aspect of our research
focuses on tackling key challenges and
exploring the potential of regenerative
strategies in AD.

We first assessed the development
of neural stem cells in an AD mouse
model, which has high levels of amy-
loid B (AP), a key pathogen in AD,
and develops age-dependent neu-
ropathology and cognitive deficits.
Newborn neurons were labeled in
vivo with a green fluorescent protein
(GFP)-expressing retroviral vector,
which only labels cycling progeni-
tor cells. At different times after the
neurons were born, we quantitatively
assessed their dendrites and spines and
their electrophysiological responses.
Immature neurons (2-3 weeks old) in
AD mice had significantly more spines
and stronger responses than those in
age-matched mice. However, at matu-
rity at 4-6-weeks, they had shorter
dendrites, fewer spines, and weaker
responses. Thus, neural stem cells in
AD mice developed abnormally quickly
at early stages but failed to mature and
integrate properly at late stages.

What could cause these biphasic
alterations? A key step that converts
immature neurons to mature neurons
is the switch of y-aminobutyric acid
(GABA) signaling from excitatory to
inhibitory. Since AD mice have more
GABAergic contacts onto neurons in
the dentate gyrus, we hypothesized that
excessive GABAergic signaling was
responsible for the abnormal develop-
ment of neural stem cells in AD models.
Indeed, inhibition of the GABA, recep-
tor with its antagonist largely restored
the dendritic and spine maturation of
these neurons. Glutamatergic signaling
also regulates the maturation
of neural stem cells in hip-
pocampus, and Ap-induced
depression of glutamater-
gic transmission requires
activation of calcineurin.
Inhibiting calcineurin with
the small-molecule inhibitor
FK506 completely restored
the dendritic maturation of
adult-born neurons. These
results implicate excessive
GABAergic signaling and
depressed glutamatergic
signaling as mechanisms of
impaired neurogenesis in AD models.
Our findings could also lead to pharma-
cological strategies to improve the func-
tionality of endogenous, and possibly
transplanted, neural stem cells, in the
presence of high levels of Ap.

RECENT PUBLICATIONS

Sun B, Gan L. Manipulation of gene expres-
sion in the CNS with viral vectors. In: Methods
in Alzheimer’s Disease and Frontotemporal
Dementia (Roberson ED, ed). Humana Press,
Totowa, New Jersey. In press.

Sun B, Halabisky B, Zhou Y, Palop JJ, Yu G,
Mucke L, Gan L (2009) Imbalance between
GABAergic and glutamatergic transmissions
impairs adult neurogenesis in an animal
model of Alzheimer’s disease. Cell Stem Cell
5:624-633.

Sun B, Zhou Y, Halabisky B, Lo I, Cho SH,
Mueller-Steiner S, Devidze N, Wang X,
Grubb A, Gan L (2008) Cystatin C-cathepsin
B axis regulates amyloid beta levels and asso-
ciated neuronal deficits in an animal model of
Alzheimer’s disease. Neuron 60:247-257.

Adult-born granule cells (blue) in the dentate
gyrus of the adult mouse hippocampus. Neu-N
was used to label all mature neurons (purple).
Representative recordings of miniature inhibitory
postsynaptic currents from adult-born granule
cells are shown as purple traces.



Fen-Biao Gao, PHD
Understanding

Neurodegenerative and

Neurodevelopmental
Diseases

OUR LABORATORY seeks to understand
the pathogenesis of frontotemporal
dementia (FTD) and related disorders
and to identify therapeutic targets.
FTD is a common cause of dementia in
patients under 65 years of age and has a
variable clinical presentation and genetic
basis. Several molecules contribute to its
pathogenesis, including CHMP2B, pro-
granulin, and TDP-43.

CHMP2B, the gene encoding the
human homolog of the yeast endosomal
sorting complex required for transport
component Vps2, is mutated in a rare
form of autosomal dominant FTD. We
found that a small-molecule inhibitor
of autophagy—an evolutionarily con-
served protein degradation pathway—
delays neuronal cell loss caused by the
mutant CHMP2B. siRNA knock down
of the autophagy genes atgs and atg7
had a similar effect. Thus, under certain
neurodegenerative conditions, autopha-
gic stress by excess accumulation of
autophagosomes might be detrimental to
neuronal survival. If so, partial inhibition
of autophagy induction is a potential ther-
apeutic strategy for some forms of FTD.

This year, we established a fly model
of FTD3, completed an unbiased
genome-wide modifier screen, which
identified 29 genetic loci, and cloned
four evolutionarily conserved modified
genes. One encodes a serine protease
inhibitor, indicating involvement of an
important signaling pathway in mutant
CHMP2B toxicity. These findings will
be validated in mouse models of FTD.

We also investigated how mutations
in the gene encoding progranulin, a
secreted protein of unknown function,
cause FTD. Progranulin mutations
often lead to a characteristic TDP-43
pathology. TDP-43, an evolutionarily

conserved, largely nuclear RNA-binding
protein, was depleted in the nucleus of
diseased neurons, suggesting a patho-
genic mechanism that involves loss of its
normal nuclear function. We

also found that Drosophila A
TDP-43 is required for neu-
ronal dendritic integrity.
Moreover, human TDP-43
promoted dendritic branch- B
ing in Drosophila neurons,
and this function was attenu-
ated by mutations associ-
ated with neurodegenerative
diseases. Our fly model of
TDP-43 biology will be useful
for understanding FTD and
associated disorders.

RECENT PUBLICATIONS

Ahmad ST, Sweeney ST, Lee J-A,
Sweeney NT, Gao F-B (2009) A
genetic screen identifies serpin5
as a regulator of the toll pathway
and CHMP2B toxicity associated with fron-
totemporal dementia. Proc. Natl. Acad. Sci.
USA. 106:12168-12173.

Delaloy C, Liu L, Lee J-A, Su H, Shen F, Yang
GY, Young WL, Ivey KN, Gao F-B. MicroRNA-9
coordinates proliferation and migration of
human embryonic stem cell-derived neural
progenitors. Cell Stem Cell. In press.

Lee J-A, Gao F-B (2009) Inhibition of auto-
phagy induction delays neuronal cell loss
caused by dysfunctional ESCRT-III in fronto-
temporal dementia. /. Neurosci. 29:8506-8511.

LuY, Ferris J, Gao F-B (2009) Frontotemporal
dementia and amyotrophic lateral sclerosis-
associated disease protein TDP-43 promotes
dendritic branching. Mol. Brain 2:30.
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Lu Y, Wang F, Li Y, Ferris J, Lee J-A, Gao
F-B (2009) The Drosophila homologue of
the Angelman syndrome ubiquitin ligase
regulates the formation of terminal dendritic
branches. Hum. Mol. Genet. 18:454-462.
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A fly model of FTD3. (A) Wildtype and FTD3-
associated mutant CHMP2B proteins. CC: coiled-
coil domain. CHMP2B"™" |acks the C-terminal
35 amino acids, and methionine 178 is changed
to valine. (B) Western blot analysis. Lane 1:
GMR-Galé; lane 2: GMR-Gal4:UAS-CHMP2B"™"5;
lane 3: GMR-Galg4:UAS-CHMP2B"". (C-H) CHMP-
2B expression caused severe degeneration
in the Drosophila eye. (C, F) GMR-Gals flies had
normal external morphology (C) and internal reti-
nal structure (F). (D, G) CHMP2B"™™" expression
in the eye caused black spots (D) and degenera-
tion of internal structures in 1-day-old flies (G).
(E, H) CHMP2B"" expression caused a mild black
spot phenotype (E) and had a minor effect on
the internal structure in 1-day-old flies (H).
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Yadong Huang, mp, PHD
Apolipoprotein E4 Impairs the
Growth of New Nerve Cells

in Adult Brains

STIMULATING THE GROWTH of new neu-
rons to replace those lost in Alzheimer’s
disease (AD) is an intriguing therapeu-
tic strategy. But will the risk factors that
cause neurodegeneration in AD also
hinder the development of new nerve
cells? To address this issue, we exam-
ined the role of apolipoprotein (apo) E4,
the greatest known genetic risk factor
for AD, on the differentiation of neural
stem/progenitor cells (NSCs) in the hip-
pocampus of adult mice. The hippocam-
pusis one of the first regions of the brain
damaged in AD, and memory deficits
and disorientation are among the early
symptoms. NSCs are stem cells that
have begun to commit to a cell fate to
become one type of brain cell (e.g., glia,
neuron). We used adult mice in which
genetic engineering was used to knock
out (KO) the gene for mouse apoE or
to knock in (KI) the gene for human
apoE3 or apoE4. We found that NSCs
express apoE and that the development
of newborn neurons was less efficient in
the apoE-KO and apoE4-KI mice. The
apoE-KO mice had more bone morpho-
genetic protein signaling, which pro-
moted the differentiation of NSCs into
glia rather than into neurons in the hip-
pocampus. In apoE4-KI mice, presynap-
tic GABAergic signaling to developing
neurons was reduced. Since GABAergic
signaling is critical for neuronal devel-
opment, this reduction explains apoE4’s
detrimental effect on neurogenesis. By
enhancing GABAergic signaling, we
restored normal neurogenesis in the
hippocampus of apoE4-KI mice.

These findings suggest that apoE4
inhibits the development of newborn
neurons by impairing GABAergic sig-
naling. Boosting this signaling pathway
with drugs may be of therapeutic ben-

efit. It might allow us to encourage the
development of new neurons from stem
cells to replace those lost in apoE4 car-
riers with AD.
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A working model for the roles of apoE in adult hippocampal neurogenesis. Adult hippocampal
NSCs express apoE, which plays an important role in cell-fate determination of NSCs toward
neuronal development. ApoE deficiency stimulates astrogenesis and inhibits neurogenesis.
ApoE4 decreases hippocampal neurogenesis by impairing presynaptic GABAergic input onto

newborn neurons, inhibiting their maturation.



Anatol Kreitzer, PHD

Adaptive and Maladaptive
Patterning of Motor Behavior
by Basal Ganglia Circuits

MOVEMENT DISORDERS, such as
Parkinson’s disease (PD) and
Huntington’s disease (HD), arise from
the dysfunction and eventual loss of
neurons in the basal ganglia, a region
located deep in the core of the brain
that is involved in motor planning func-
tions. Although the anatomy and physi-
ology of basal ganglia neurons have
been studied extensively over the past
several decades, it is still not clear how
these millions of neurons act in concert
to control movement.

In the brain, all neurons are con-
nected to other neurons, forming so-
called neural circuits. Information, in the
form of electrical impulses, is transmit-
ted through a variety of such circuits to
mediate complex behaviors. Circuits of
the basal ganglia are important for trans-
forming information to help us select the
appropriate motor programs to perform
in a given situation, such as picking up
a cup of coffee, turning a door handle,
or sitting down in a chair. However,
the way in which basal ganglia circuits
accomplish this task remains a mystery.

To probe the function of basal ganglia
circuits in living animals, we inserted a
protein called channelrhodopsin-2 into
neurons that form the origin of two
major basal ganglia circuits: the direct
pathway and the indirect pathway.
Channelrhodopsin-2 is a light-sensitive
ion channel derived from green algae
that allows neurons containing this
protein to be activated by blue light.
By introducing light into the brain with
thin fiber optics, specific neural cir-
cuits can be precisely controlled, leav-
ing other nearby neurons and circuits
unaffected. Using this technology, we
established the causal role of basal gan-
glia circuits in patterning motor behav-

ior for the first time. In mice, Direct Indirect
we found that direct pathway Pathway Pathway
activation leads to hyper-
activity, characterized by
jerky, uncoordinated move-
ments and increased loco-
motion—behavior similar
to that observed in patients
with HD. Indirect pathway
activation caused mice to °6.(§is‘,ea|'t€)?1) Laser OFF .6_‘2;‘;";‘%‘:1)
freeze for long periods, simi-
la'r to behavior in Patients 100 = Immobility
with advanced PD. Since we g
can induce these behaviors E
by activating basal ganglia .2 50 *
neural circuits, the next step ] Ambulation
will be to inhibit these cir- @ Fine
. . Movement
cuits in mouse models of HD 0 o NN off NMiAser

and PD and test whether this

can restore motor function.

If this is indeed the case, tar-

geting neural activity in basal ganglia
circuits may be a promising therapeu-
tic avenue for treating these devastat-
ing diseases.
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S (2009) Key modulatory role of presynap-
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ScientificWorldJournal. 9:1321-1344.

Mouse behavior during activation of direct
pathway (left) or indirect pathway (right) basal
ganglia circuits. A thin optical fiber was used to
deliver blue laser light into the brain. The light
activates channelrhodopsin-2 and increases
neural circuit activity in the specified pathway.
Above, circles delineate the mouse’s enclosure.
Lines represent the mouse’s path, and dots
along the path show the mouse’s location every
300 msec. Gray lines are before laser illumina-
tion; colored lines are during laser illumination.
Bottom, summary data showing motor behavior
during experimental trials before (left) and after

(right) direct pathway activation (red bars) or in-

direct pathway activation (green bars). Asterisks
indicate statistically significant differences for
the “laser ON” versus “laser OFF” periods.
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Robert W. Mahley, Mp, PHD
Apolipoprotein E4: Structure

Determines Function
in Neuropathology

APOLIPOPROTEIN (APO) E is the major
known genetic risk factor for Alzheimer’s
disease and has a potential role in other
neurological diseases and traumatic
brain injury. ApoE4 can cause neuro-
pathology directly, and it sets the stage
for “second hits” to precipitate neuro-
pathology. The neuropathologic effects
of apoE4 are mediated by its structural
features, such as domain interaction. It
is particularly prone to assume a patho-
logical conformation. When stressed
or injured, neurons synthesize apoE.
ApoE4 uniquely undergoes neuron-
specific proteolysis, yielding toxic frag-
ments that disrupt mitochondrial energy
balance and cause cell death.

Mitochondrial respiratory complexes
were examined in neurons cultured from
brain cortices of neuron-specific enolase
promoter-driven apoE3 (NSE-apoE3) or
apoE4 (NSE-apoE4) transgenic mice.
All subunits of mitochondrial respira-
tory complexes assessed were signifi-
cantly decreased in NSE-apoE4 neurons
compared with NSE-apoE3 neurons. In
Neuro-2a cells, levels of mitochondrial
respiratory complexes I, IV, and V were
decreased by apoE4. Enzymatic activity
in complex IV was also decreased, lead-
ing to reduction in mitochondrial respi-
ratory capacity. Mutant apoE4 (apoE4-
Thr61) lacking domain interaction did
not induce mitochondrial dysfunction,
indicating that the mitochondrial dys-
function is apoE4-specific and domain
interaction-dependent. Likewise, treat-
ment with a small molecule that inter-
feres with apoE4 domain interaction
restored complex IV levels in apoE4-
expressing cells.

These findings demonstrate that
apoE4 induces mitochondrial dys-
function in neuronal cells through its

domain interaction. Thus, pharmacolog-
ical interventions that disrupt this inter-
action with small molecules might hold
therapeutic potential for apoE4-carrying
Alzheimer’s disease patients.
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Apolipoprotein E: Structure determines func-
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Paul J. Muchowski, PHD
Polyglutamine in Huntingtin
Dances the Conformational

Cha-Cha-Cha

AT LEAST NINE HUMAN PROTEINS with
a long repeating stretch of a single
amino acid called glutamine cause
inherited neurodegenerative diseases.
Huntington’s disease (HD) is caused
by a genetic mutation that leads to the
expansion of a polyglutamine (polyQ)
repeat in the protein huntingtin (htt).
The pathogenic mechanism of HD is a
mystery. One clue to solving this mystery
is that the polyQ expansion in mutant htt
causes the protein to misfold, aggregate,
and form insoluble deposits in the neu-
rons of HD patients. Similar deposits of
aggregated proteins are also found in
many other neurodegenerative diseases.

We hypothesized that small aggre-
gated forms of htt called oligomers
interact abnormally with other neuronal
proteins in a manner that impairs their
normal functions. However, the mutant
htt forms oligomers with a wide variety
of structures. A major difficulty in deter-
mining which structures might be patho-
genic is the lack of good tools to track
these abnormal assemblies in HD brains.

Monoclonal antibodies are attractive
tools to measure different misfolded con-
formations of htt in neurons and to poten-
tially determine their pathogenic signifi-
cance in HD. Computational approaches
suggested that polyQ repeats assemble
into a large number of misfolded con-
formations—analogous to a metal chain
with flexible links that allow it to adopt
many different shapes. We decided to
see how a panel of monoclonal antibodies
that detect the polyQ repeat in htt affect
its aggregation. If polyQ repeats form
different conformations,
antibodies should be able to recognize
these structures and would have differ-
ential effects on htt aggregation. Using

monoclonal

atomic force microscopy (AFM), a tech-

nique that allows one to image mutant
htt aggregates at nanometer resolution,
we found that monoclonal antibodies had
widely varying effects on htt aggregation.
Antibody 3B5H10, developed by our col-
laborator Steven Finkbeiner, even dis-
solved pre-formed aggregates.
Remarkably, the polyQ repeat in htt
appears to freely move through differ-
ent conformations. Our findings were

Atomic force microscopy image of mutant

htt aggregates. This technique was used to
show that monoclonal antibodies recognize
discrete conformations of polyQ in mutant htt
that might mediate the formation of different
aggregate species.

confirmed by a study showing at atomic
resolution that polyQ repeats in htt
stably adopts multiple discrete confor-
mations. These results have implica-
tions both for the structural basis for
mutant htt toxicity and for therapies, as
antibodies delivered by gene therapy
have shown promise in mouse models
of HD and are being developed for clini-
cal tests in HD patients.
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Lennart Mucke, mp

AP and Tau: Partners in Crime

ALZHEIMER’S DISEASE (AD) is devastat-
ing, costly, incurable, and increasing in
prevalence in aging populations around
the world. Thus, there is an urgent need
to deepen our understanding of this
common neurodegenerative disorder
and to develop better strategies to treat
and prevent it. Amyloid-p (Ap) peptides
are widely thought to cause AD, and
many new AD treatments now in clini-
cal trials aim to lower the production of
AB or to enhance its removal. However,
the efficacy and long-term safety of
these treatments remain unknown.
Therefore, it is important to search for
alternative or complementary therapeu-
tic approaches, including strategies to
make the brain more resistant to Ap’s
disease-causing effects.

Using mouse models of AD, we dis-
covered that even a partial (50%) reduc-
tion of tau levels can prevent Ap from
causing cognitive deficits and related
neuronal abnormalities. Tau reduc-
tion also made mice more resistant to
chemically induced seizures, suggest-
ing that it might be beneficial in a vari-
ety of neurological diseases associated
with abnormal neuronal excitation. If
we knew how tau reduction protects the
brain so effectively against Ap and other
excitotoxins, it might be possible to sim-
ulate its protective effects pharmacologi-
cally without having to reduce tau itself.

During the last year, we made major
progress in unraveling the mechanisms
underlying the beneficial effects of tau
reduction. Specifically, we discovered
that tau reduction prevents AB-induced
abnormalities in synaptic plasticity (or
long-term potentiation), which may
underlie AD-related deficits in learning
and memory. Tau reduction also blocked
aberrant excitatory neuronal activity

resulting from disinhibition, which is
increasingly recognized as an important
cause of neural network instability in
AD. Furthermore, tau reduction counter-
acted Ap-induced alterations in the intra-
cellular distribution of molecules that
affect neuronal excitability. These and
follow-on experiments currently under
way could pave the way toward the devel-
opment of better treatments for AD and
other devastating neurological disorders.
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Potential ways in which AB and tau may conspire to impair neuronal
functions in AD. The hypotheses depicted on the left and right are not
mutually exclusive, but the one we posed on the right is more novel and

has yet to be fully explored.



Jorge ). Palop, PHD

Connecting Synapses with
Circuits: Synaptic Depression
and Aberrant Excitatory

Network Activity in
Alzheimer’s Disease

ALZHEIMER’S DISEASE (AD) has been
traditionally viewed as a progressive
dismantling of glutamatergic synapses,
circuits, and neurons associated with a
build-up of amyloid f (AB) and tangle
pathology. Experimental mouse and
cell-culture models have supported this
view for decades. In vitro and in vivo
studies from many laboratories showed
that high levels of A effectively sup-
press synaptic transmission strength
and plasticity at specific glutamatergic
synapses. However, the net effects on
overall neuronal activity at the network
level were unexplored.

Recently, we found that transgenic
models of AD with high levels of AB
have generalized epileptiform activity
and nonconvulsive seizures involving
cortical and hippocampal networks.
These unexpected results indicate that
synaptic depression and aberrant net-
work activity coexist in AD and sug-
gest that they might be mechanisti-
cally related. Importantly, patients with
AD, particularly those with early-onset
AD or familial AD, have an increased
incidence of convulsive seizures. Such
aberrant neuronal activity has been
widely interpreted as a secondary pro-
cess resulting from neurodegeneration.
However, our findings challenge this
notion, raising the possibility that sei-
zure activity in AD may represent a pri-
mary upstream mechanism triggered by
high levels of AB.

My laboratory focuses on deter-
mining the molecular mechanisms
of AB-induced epileptogenesis and the
downstream consequences of aber-
rant neuronal activity on cognition. Our
working model of Ap-induced cognitive
dysfunction proposes that high levels
of Ap lead to aberrant neuronal activity

and compensatory inhibitory responses
involving learning and memory circuits.
At the molecular level, we are actively
exploring whether reduced levels of
voltage-gated sodium channels (VGSC)
on fast-spiking GABAergic interneurons
lead to Ap-induced epileptiform activity.
Confirmation of a causal relationship
between AB-induced aberrant excitatory
neuronal activity, VGSC alterations, hip-
pocampal inhibitory remodeling, and

cognitive decline would provide impor-
tant insights into the pathogenesis of AD
and could open new therapeutic avenues.
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Astrocytes May Contribute to
Apolipoprotein E4—mediated

Neurodegeneration

APOLIPOPROTEIN (APO) E4, the major
known genetic risk factor for Alzheimer’s
disease (AD), differs structurally from
the other apoE isoforms in two ways.
First, a salt bridge between Arg-61 in
the N-terminal domain and Glu-255 in
the C-terminal domain causes the apoE4
domains to interact. Second, apoE4 is
less stable and displays a molten glob-
ule state. Because structure is often
closely related to function, we sought
to determine the relative contribution of
these properties to neurodegeneration.
We generated a mouse model specific
for domain interaction. In these Arg-61
apoE mice, apoE is produced primar-
ily, if not exclusively, by astrocytes and
other glial cells.

The Arg-61 apoE mice have synap-
tic, functional, and mild cognitive defi-
cits. Arg-61 apoE does not accumulate
in astrocytes, indicating that it is recog-
nized as abnormally folded and targeted
for degradation. This observation raised
the possibility of an unfolded protein
response (UPR). We determined that
all three UPR pathways were activated,
suggesting that Arg-61 apoE astrocytes
might be dysfunctional. Consistent with
this hypothesis, the level of the astrocyte
glutamate transporter 1 in the hippocam-
pus was reduced in Arg-61 apoE mice,
raising the possibility of excitotoxicity.
Also, glucose uptake by Arg-61 apoE
astrocytes was impaired, and conditioned
medium from Arg-61 astrocytes was less
effective in promoting neurite outgrowth.

Thus, apoE4 domain interaction may
cause astroglial dysfunction that contrib-
utes to neuronal deficits in Arg-61 apoE
mice. We hypothesize domain interac-
tion impairs the ability of astrocytes to
support neuronal function, although the
cells remain marginally effective in the
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Working model of the association of astrocyte
ER stress with neurodegeneration. Domain
interaction in apoE4 causes the organism to

be more susceptible to stress-related damage
with age. Chemical chaperones help apoE4 to
assume a more apoE3-like structure and reduce
stress and dysfunction.

absence of brain stress. With added brain
stress—from aging, ischemia, oxidative
stress, head trauma, or Ap toxicity—astro-
cytes express additional apoE for neuronal
repair. ApoE4, exacerbates endoplasmic
reticulum (ER) stress, further compro-
mising astrocyte support. Neurons begin
apoE expression as a protective mecha-
nism, resulting in neurotoxic apoE4 frag-
ments, as shown by Yadong Huang.

To test this hypothesis, we examined
the effect of age on ER stress in mice. We
used the astrocyte-specific UPR marker,
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