000000aCooo

0ooo
O0IoCmoaCoomo0on0o0
Omooroonnoooo
Ooomolomnooooooen
Onooobnooooom
0I0000000me00oa
0I00o0o0Cooen
0I00000000I0i000000
0o00iooooan

Y~"zx3¥ %0 gz :¥"a
Lennart Mucke

The most remarkable development for the GIND in 2004 was clearly the relocation of all our laboratories to
the Gladstone building at the Mission Bay campus. The new location has provided us with outstanding new
research facilities. It has also given us unprecedented scientipc opportunities to intensify and expand our
pght against major neurological diseases affecting memory, cognition, and other key functions of the nervous
system. Despite the distractions of the move, our investigators have been steadfast in their efforts to unravel the
molecular pathogenesis of neurodegenerative disorders such as Alzheimer@ disease, Parkinson,s disease, and
Huntingtonts disease. All of these disorders involve protein misfolding in which abnormal forms of }-amyloid
(A}), I-synuclein, or huntingtin protein impair the function of brain cells.

For example, Dr. Steven Finkbeiner published an article in Nature that laid to rest years of controversy. The
study demonstrated conclusively that the formation of intracellular inclusions actually promotes rather than
diminishes the survival of neurons producing the mutant huntingtin protein that causes Huntington(s disease.
The pndings were highlighted on the cover of the magazine and in several independent commentaries in other
journals. Dr. Finkbeiner and his group have also made signipcant progress in identifying molecular processes
that are critically involved in the formation of memories.

Dr. Fen-Biao Gaofs laboratory studies how neurons establish and maintain the intricate networks in which
information is stored and processed in the nervous system. As reported by Dr. Gao and his associates in
Neuron, the outgrowth and complexity of neuronal branches is critically dependent on a protein called
Abrupt. Dr. Gao also demonstrated that mutations related to fragile X syndrome, acommon form of mental
retardation, alter both neuronal branching and behavior in the fruit yy Drosophila. The rapidly increasing
interest in the mechanisms underlying this and related syndromes was highlighted by a symposium Dr.
Gao organized for the annual meeting of the Society for Neuroscience; it was among the best-attended
events at this popular meeting, which attracted over 31,000 neuroscientists from across the globe.

Much of our effort in 2004 focused on the prime molecular culprits in Alzheimeris disease (AD): A}
peptides and apolipoprotein (apo) E. Research in Dr. Li Ganfs laboratory has followed up on her fascinating
discovery that neurotoxic effects of A}-stimulated inyammatory cells (microglia) can be prevented with
drugs that inhibit the enzyme cathepsin B, a pnding she recently published in the Journal of Biological
Chemistry. Subsequent work has identiped key signaling pathways that regulate this pathogenic enzyme
and inhibit its production. Ongoing studies aim to validate the usefulness of this promising drug target in
transgenic mouse models of AD and to identify therapeutic compounds suitable for clinical trials.

My laboratory has focused on molecular processes that promote or inhibit the disease-causing potential of the A}
peptide. As reported in Nature Medicine, incorporating into A} the GArctico mutation, which causes an inherited
form of AD, strongly promoted the self-assembly of this peptide in genetically engineered mice and elicited
striking AD-like alterations in their brains. In contrast, manipulations that prevented the release of A} from
its precursor protein or retained the precursor in certain intracellular compartments increased the survival of
cultured neuronal cells exposed to aging-related challenges. Lastly, modulating the enzyme Fyn affected some
A}-induced brain alterations, but not others. Thus the AD-causing effects of A} may be blocked by targeting
protein cleavage, transport, or assembly, as well as by modifying downstream signaling pathways.

The laboratories of Drs. Yadong Huang, Robert Mahley, Robert Pitas, and Karl Weisgraber continue to unravel
the processes that make apoE4 the major known genetic risk factor for AD. Four papers published by Dr. Huang
and his collaborators in the Journal of Biological Chemistry and the Journal of Neuroscience highlight the enormous
progress our investigators have made in this area. Their data indicate that neuronal cells produce apoE primarily
when stressed and that this response becomes detrimental if they produce the E4 variant, primarily because it is
readily cleaved into neurotoxic fragments by a neuron-specipc enzyme. The identipcation and pharmacological
inhibition of this enzyme are important objectives.

Finally, I am indebted to the distinguished members of our scientipc advisory board who were able to attend
this year(s review. | thank them for their valuable input. I would also like to thank all members of the institution
for moving our research program so effectively into its new home. We are now in an even better position to
pursue our missionto contribute to the health and welfare of humankind through research into the causes,
treatment and prevention of Alzheimer(s disease and other neurological disorders.
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Steven Finkbeiner

Lulled in the countless chambers of the brain,
our thoughts are linked by many a hidden chain;
awake but one, and in, what myriads rise!

M Alexander Pope (168881744)

Memory has been an enduring subject of poetry. Nowadays, poetic references to countless chamberso
and ohidden chains6 could be translated into the neuroscience terms osynapsesé and oneurites.0
Synapses are the sites of communication between two neurons; neurites are the owireso that carry
information to and from synapses. Forming a new memory likely requires the creation of new synapses
or the strengthening of old ones.

Regulating synaptic strength is a two-step process. First, an experience that triggers memory formation
rapidly alters AMPA receptors at synapses, enabling the synapses to communicate more effectively.
These receptors receive chemical signals and convert them into electrical signals that propagate across
neurites to other synapses. Second, new proteins must be synthesized to make a memory persist.

By studying genes involved in memory formation, we hope to unravel the mechanisms that underlie
this process. Last year, we focused on the actin-related complex gene (Arc).

Synaptic signals that trigger memories regulated Arc in interesting but complex ways. Certain signals
propagated to the nucleus, causing new copies of Arc to be synthesized. Once transcribed, Arc mRNA
was transported to neurites and synapses, where some of the same signals regulated its translation into
Arc protein.

Previously, AMPA receptors were thought to inyuence synaptic strength during the prst step of
memory formation. Surprisingly, we found that AMPA receptors are major regulators of the amount
of Arc produced by certain synaptic signals. AMPA receptors also regulated Arc in a novel way: by
controlling which neurons are part of the network that can respond to synaptic signals.

We were also surprised that most of the Arc protein in neurons ended up back in the nucleus, raising the
intriguing possibility that Arc forms a communication loop that embarks from the nucleus, stops at the
synapse, and then returns to the nucleus. Such a loop might be a critical mechanism for coordinating
the long-lasting adaptive changes that underlie memory formation.
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Li Gan

The inyammatory response is the bodyks prst defense against infection. In peripheral tissues,
inyammation usually marshals a lifesaving defensive attack against disease-causing bacteria, viruses,
and parasites. Sometimes, however, the inyammatory response goes awry, leaving us vulnerable to
a host of inyammatory diseases, including rheumatoid arthritis and ulcerative colitis. Inyammation
also plays a role in heart disease and cancer.

Chronic inyammation is a pathological hallmark of Alzheimer(s disease (AD). Glial cells, especially
microglia, which can act like macrophages in the blood, are key mediators of the inyammatory
response in the central nervous system. The accumulation of amyloid-} peptides (A}) and the
presence of injured neurons may trigger glial activation and proliferation in an attempt to return the
brain to a normal state. Some inyammatory responses exert potent benepcial effects, while others
can damage the brain. Our research focuses on the molecular pathways in microglia activation that
lead to benepcial or damaging outcomes in AD. Our long-term goal is to inhibit cellular factors that
mediate the deleterious effects of the inyammatory machinery for therapeutic intervention.

One signaling pathway that contributes signipcantly to the deleterious effects of
microglia is the NF-¥B pathway. Stimulation of these cells with A} activated NF-
¥B signaling that could be inhibited by the drug resveratrol. Found at high levels in
various plants and in red wine, this phenolic compound strongly protected primary
D[ﬁ% cultures of rat neurons against microglia-mediated A} toxicity.

Activation of NF-¥B signaling in microglia cells contributes to A}-dependent
neurodegeneration by increasing the expression of inyammatory factors. One
such factor is cathepsin B, a cysteine proteinase that is transcriptionally
upregulated upon A} stimulation in microglia. Previously, we found that

0 o cathepsin B released from microglia plays a crucial role in microglia-mediated
O0000ooman — neurodegeneration. Recently, we began to study its endogenous inhibitor,
“ cystatin C, decreased levels of which may be linked to late-onset AD. In
000 primary cultures lacking endogenous cystatin C, expression of cystatin
------- C protected against neuronal death mediated by A}-stimulated microglia.
o This pnding supports the hypothesis that the
. l dysregulation of the proteolytic activities of
s cathepsin B and the inhibitory function
0 @EEBIE0 — 001000000 — D00i0noiD ~-— of cystatin C may be important in AD
N l pathogenesis.
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Fen-Biao Gao

Answers to complex biological questions often emerge from studies of simpler species. For example,
to study fragile X syndromeithe most common form of inherited mental retardation in humansifwe
use the fruityy Drosophila, focusing specipcally on its version of the human gene associated with the
syndrome. Fragile X patients often have learning disabilities and mild to severe mental retardation and
may exhibit autistic behavior, hyperactivity, and related abnormalities.

Fragile X syndrome is caused, in most cases, by a mutation in the regulatory region of the fmrl gene that
stops gene expression. A less severe version of the mutation is also responsible for a recently identiped
form of age-dependent neurodegeneration. The product of fmrl is an RNA-binding protein, FMR1,
that associates with messenger-ribonucleoprotein complexes and is highly expressed in neuronal cell
bodies and dendrites. Its role in neuronal development and function is largely unknown.

Through a large-scale genetic screen, we identiped loss-of-function mutations in the gene that encodes
Drosophila FMR1 (dFMR1). The number of higher-order dendritic branches was decreased by loss of
dFMR and increased by overexpression of dFMR1. Manipulation of dFMR1 activity also affects the
sensory-input modulated locomotion behavior of Drosophila larvae.

Dendrites provide a large surface for receiving synaptic input from other neurons and may play
important roles in learning and memory. We identiped loss-of-function mutations in the abrupt
gene that increase the number of dendritic branches of a subset of neurons in yies. Abrupt encodes
a transcription factor that contains several domains that are highly conserved in yies and humans,
suggesting that similar proteins in humans have a similar role in brain development. We found that
Abrupt and another transcription factor, Cut, are expressed in distinct but complementary subsets of
neurons, where they independently control dendrite development. Moreover, the amount of Abrupt
in a neuron directly regulates dendritic complexity. We also studied the roles of several evolutionarily
conserved actin cytoskeleton regulators in dendrite formation.

Our pndings provide insights into the molecular mechanisms that are responsible for the proper wiring
of the brain and may help us understand the pathogenesis of human neurological disorders, including
the fragile X syndrome and Alzheimers disease.
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Yadong Huang

More than four million Americans have been diagnosed with Alzheimeris disease (AD), the leading
cause of dementia in the United States, and that number is expected to double over the next 25 years.
Apolipoprotein (apo) E4 has been genetically linked to late-onset AD, which accounts for more
than 90% of cases. However, the mechanisms underlying its action are still largely unknown.

Previously, we showed that neuronal expression of apoE4 or apoE4 fragments in transgenic mice
stimulates abnormal hyperphosphorylation of tau, a pathological characteristic of AD. This year, to
identify the kinase responsible for the increase in tau phosphorylation, we studied transgenic mice
expressing human apoE3 or apoE4 in neurons under control of the neuron-specipc enolase (NSE)
promoter. Brain levels of phosphorylated tau (p-tau) and phosphorylated (active) extracellular
signaldregulated kinase (p-Erk) increased with age in both groups but were considerably higher
in the apoE4 mice. The increases were highest in the hippocampus, intermediate in the cortex, and
lowest in the cerebellum, consistent with their vulnerability to AD pathology.

In the hippocampus, p-Erk and p-tau accumulated in the hilus of the dentate gyrus and in the
CAB3 region, where high levels of zinc are found along mossy pbers. In neuroblastoma cells stably
expressing apoE3 or apoE4, treatment with zinc generated twofold more p-Erk and threefold more
p-tau in the apoE4-expressing cells. Phosphorylation of Erk and tau was reduced by preincubation
with the Erk pathway inhibitor U0126.

These pndings suggest that apoE4 and zinc act in concert to contribute to the pathogenesis of AD.
Thus, decreasing the concentration of zinc or inhibiting Erk activation in the brain may help prevent
AD, especially in carriers of apoE4.
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Robert W. Mahley

The major genetic risk factor for Alzheimerfs disease (AD) is apolipoprotein (apo) E4, which is
associated with 40060% of cases of sporadic and familial AD. In contrast, apoE3 offers protection
and apoE2 is most protective. ApoE has long been studied for its roles in lipid transport and
cardiovascular disease. The pioneering work on apoE at Gladstone has greatly facilitated studies
of its role in neurodegeneration.

Our pndings suggest that apoE4 mediates neuronal protection and repair less effectively than
apoE3 or apoE2, leading to detrimental effects. ApoE4 disrupts the cytoskeleton, inhibiting neurite
outgrowth and causing microtubular instability in cultured neurons. In mice lacking mouse apoE,
apoE4 causes behavioral abnormalities and signipcant decreases in markers of synapto-dendritic
connections in the hippocampus and the cortex.

ApoE4 also adversely affects lysosomes, the cellis digestive system. In neuroblastoma cells,
expression of apoE4 increased the leakage of lysosomal enzymes and cell death induced by
aggregated amyloid } %A}). We suspect that apoE4 forms a reactive intermediate that binds
phospholipid and inserts into the lysosomal membrane, destabilizing it and causing lysosomal
leakage and apoptosis in response to A}.

In other studies, we found that apoE4 stimulates A} production in neurons, an effect mediated
by increased recycling of cell-surface amyloid precursor protein. Thus, apoE4 not only affects A}
deposition or clearance but also modulates A} production, which may help explain the increased
risk of AD associated with apoE4.

Recently, we examined truncated forms of apoE found in the brains of AD patients. In cultured
cells and in neurons of transgenic mice, truncated apoE4, especially apoE4(S2726299), induced
neuropbrillary tangledlike inclusions to greater extent than truncated apoE3. Thus, apoE4 may be
preferentially processed to a bioactive fragment that binds cytoskeletal components and induces
neuropbrillary tangledlike structures and cell death. This may represent an important mechanism
of neurodegeneration in AD.

00000o00monmeon

00 0T o m a m a o
O 00o0oCoodiDIoooorCrNO00toorOLONoo Onoo000idnoo0bom - (000000000 00000000000100 000 0000000 OibooiOoom: Qiobooooroon
0000000000000 00n0000002I01000000000100R0I00000I000008000l - 000000B000000ma01 0000 0000010000 DODOIo0 a0 [0b00000nn! Oibo

100000000000010800000000000800100 00000l 01000000000l Cinom 0
IR 0 R |

0o0Nm0Cno0000nO0n0oI0rNt000000m0B000I0a0N O 0080000000
(00eCI00nO00N00I0NC000Ib0I0 0N C0000000000I0I0n O00000000

00000000 000r00NO00Ib0oIN0000 000000l

000000 0o O0ocoobom 00D Oooooo 0@ oot 000 0oboooo
000ma000000I0]1 00 DI000010on 00 0h0i00 00aI0on 0io000000n 0oot
01000001001 boooBonoBn 0000 00000000 IC0 Ob0iC 000l BIn000em 0
I

aaoao 0000n
DD?DD ooooo Y8 poooo OB gopnn
0O00I00000000 000000 OB
} _ ~_
( : AB Production
' (E4 > E3)
000000C0N0000000
IR
00000000 0o0oooono
— Omotoooo 00000000
Qoo 00000000 '@
o OO0o000oIn;
: DI0000100

loonoooo



D\M

010001000001

Ooomoo

* *
mlin]a[ulal
¥ 001000000

k{

I000mmgg
0ooooog
0oo0oo

oo- OB [
0= oo

(ooooomwo

OBoon OBgon DEDDDD
o= oo oo

0000 0000 0000 0000
A o e YA

10000000 0I0000K0ONI0I00o000I000_X000000no0mionirono0onomoitoan
000 o R o
10000 000000nEoN0Doonoon HOonomoon Oooor o000 O 00n Ooioon 0ooooo
T T 0T
0 Tl s o o o
100000000 0O DX 0000 000Io00000Ibor 000000 0000l 00O Lom bOb0n O A I00booa
00l 0 o o o e o
O 0 T

VE t¥yi} ez }2-yz00
17zvi-a] Jv-¥x ¥o W'v-o Xz00

Lennart Mucke

Several lines of evidence suggest that amyloid-}
peptides (A}) play causal roles in Alzheimerfs disease
(AD). Derived from the amyloid precursor protein
(APP) by proteolytic cleavage, these small protein
fragments may normally function to regulate neuronal
activity. However, when A} peptides assume abnormal
conformational states and build up to high levels,
they can disrupt brain functions and even cause
neurodegeneration. Since A} peptides exist in diverse
assembly states and might act both inside and outside
of cells, much of our research focuses on identifying
the most pathogenic forms of A} and their most critical
sites and modes of action.

This year, we made signipcant progress on two fronts.
First, we found that the Arctic mutationfa single
amino acid substitution within A} that is associated
with an inherited form of ADfstrongly promotes
the deposition of A} as amyloid plaques in the brains
of genetically engineered mice. Plaque formation was
faster and more extensive in Arctic-mutant mice than
in mice expressing wildtype human A} and was
accompanied by prominent AD-like alterations of
neuronal processes (neuritic dystrophy). These pndings
show that Arctic-mutant A} causes an aggressive brain
amyloidosis in vivo.

Second, we demonstrated that another AD-linked APP
mutation (London mutation) sensitizes a neuronal cell
line to a variety of insults that provoke cell death. This
effect appeared to reyect increased production of A} in
specipc intracellular compartments. Ongoing studies
focus on therapeutic interventions aimed at pathogenic
A} assemblies inside or outside of brain cells that impair
neuronal functions and survival.
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Robert E. Pitas
Although genetic risk factors for Alzheimer®s disease (AD) have been identiped, the molecular
mechanisms by which they cause the disease are poorly understood. The most important of these
factors is apolipoprotein (apo) E4, which differs from apoE3, the most common form, by a single amino
acid. We reasoned that differences in the effects of apoE3 and apoE4 in the brain likely reyect differences
in their interactions with other cellular proteins. Identifying these proteins would thus provide clues as
to molecular pathways that lead to AD.

In a screen of human brain proteins, we discovered an apoE-binding protein (EBP) that interacts
differently with apoE3 and apoE4. This protein is a member of a new, uncharacterized gene family. We
have embarked on the difpcult tasks of determining its normal function, how its interaction with apoE
affects that function, and whether the interaction with apoE4 contributes to the pathogenesis of AD.

We found that EBP is expressed primarily in the brain, and within the brain, exclusively by neuronsii
the cell type that is lostin AD. EBP is an intracellular protein found mostly in the endoplasmic reticulum
(ER). It is anchored in the ER membrane by two transmembrane domains near its carboxyl-terminus
and extends into the cytoplasm.

In collaboration with Dr. Eliezer Masliah (UC San Diego), we studied the expression and distribution
of EBP in the brain. Using immunohistochemistry, we discovered that EBP is expressed by neurons
and that the intensity of immunostaining is greater in AD brains, notably in pyramidal CA1 and CA2
neurons of the hippocampus, than in age-matched controls. Our pndings also suggested that the
intensity of EBP staining increases as the disease progresses.

Currently, we are examining EBP expression and metabolism in primary cultures of neurons and
studying transgenic mice that lack or overexpress the protein. These studies will elucidate the normal
function of the protein and determine the impact of its interaction with apoE on neuronal structure
and function.
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Karl H. Weisgraber

Apolipoprotein (apo) E has a central role in lipid metabolism in the brain
and plasma. One of the three common isoforms, apoE4, is a major risk
factor for Alzheimerfs disease and other forms of neurodegeneration and
for heart disease. The molecular structure of the two domains of apoE in the
lipid-free state is known. To perform its physiological functions, however,
apoE likely must be associated with lipid. For example, lipid association is
required for high-afpnity binding to low density lipoprotein receptors, a
mechanism by which apoE regulates cholesterol metabolism.

To examine the structure of lipid-associated apoE, we generated dimyris-
toylphosphatidylcholine (DPPC) particles containing 50% DPPC and two
molecules of apoE and obtained crystals. The diffraction pattern at 10 j
revealed discrete Bragg peaks and diffuse scattering composed of a 60- j
ring and arcs at 4.2 j. Diffuse scattering, a characteristic of unoriented
DPPC bilayers, accounted for most of the volume of the particles and
indicated that they are spheroidal. Therefore, most of the DPPC molecules
are probably disordered, and the Bragg peaks must result primarily from
diffraction by protein atoms. This enabled us to solve the structure of the
molecular envelope of apoE by molecular replacement.

The resulting molecular envelope structure is an incomplete toroid that
resembles a horseshoe. Although the resolution is insufpcient to reveal the
structure in detail, it does show the overall shape of the molecule accurately.
From the dimensions of the envelope, our knowledge of apoEfs structure,
and biochemical evidence, we can make a very reasonable estimation of
how apoE pts into the envelope. Lipid-free apoE undergoes a conformational
refolding into a helical hairpin that contains the low density lipoprotein
receptordbinding region at the apex. The juxtaposition of the residues
at the end of helix 4 and in the connecting loop between the domainsif
previously determined to be critical for receptor-binding activityfexplains
the requirement for lipid association.

The noncrystallographic, two-fold rotation axis in the diffraction data
indicates that there is a second horseshoe-shaped envelope facing the prst
in an orientation that clearly suggests that the surface of the particle is
spheroidal, consistent with the diffuse scattering analysis. This structure is
the prst of an apolipoprotein bound to lipid at 10- j resolution.
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