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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