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Neurodegenerative diseases

Neurodegenerative disease represents a significant
individual, societal and economic burden, which is
continually growing as the elderly population increases
worldwide.

There are no cures, nor are there effective treatments that
consistently slow or stop the relentless course of these
devastating neurodegenerative diseases.

The US situation

Millions of Americans are affected. (http://www.mghmind.org/)

Annual costs currently exceed several hundred billion dollars.
(http://www.neurology.emory.edu/CND/)
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Neurodegenerative diseases and dysfunction of axonal
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Intracellular
defects by mHtt
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Axonal trafficking dysfunction in HD
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Salinas S et al, Curr Opin Cell Biol 2008

PolyQ-expanded mutant
Huntingtin:

reduces tubulin
acetylation, that reduces
kinesin binding to
microtubules

interferes microtubule-
based transport of
mitochondria and
reduces ATP level in
synaptosome

over binds HAP1 and
inhibits HAP1 trafficking



HAP1 expression in hypothalamus
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Sheng G et al, J Clin Invest 2008

» HAPL1 is also expressed in amino acid-derived hormone-

secreting endocrine cells
» pituitary, thyroid, adrenal medulla, pancreas islet, and mucosa of
gastroinetestinal tract (Liao M et al, J Histochem Cytochem 2005).



HAP1 is expressed in hypothalamus (one
of the HD- affected brain areas)

Neurons in hypothalamus control feeding, sleep, energy

homeostasis............. fundamental life activities.
Hypothalamic trafficking
Inputs

Olfactory stimuli- pheromones.....

Neural inputs- from other brain areas, heart, stomach,
reproductive tract.......

Blood-borne stimuli- leptin, angiotensin, insulin, pituitary
hormones, cytokines......

Steroids- gonadal steroids, corticosteroids......
Autonomic inputs
Stress
Outputs
Neural projections- throughout the whole brain

Endocrine hormones- CRH, GnRH, GHRH, TRH, SS,
Dopamine........



Orexin neuron projection and function

Sheng G et al, J

Clin Invest 2008 * Orexin (Hypocretin)

regulates “feeding”

Willie JT et al, Annu and “arousal’.

Rev Neurosci 2001
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Orexin-Hap1 KO mice grow slowly
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Orexin-Hap1 KO mice eat less

Female I Orexin-Hapl +/-
1 Orexin-Hap1l -/-

—~
-
=
2
(]
=
>
O
o
o]
o
-~
>
@®
=]
~
(=]
~
4+
2
(@]

Diet (g / day / g body weight)




Orexin-Hapi1 KO mice have lower
locomotor activity
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Malformation of orexin neurons in HAPi1-
KO mouse brain
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HAP1 function for
trafficking

Salinas S et al, Curr
Opin Cell Biol 2008
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Subcellular fractionation
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Distribution change of molecular
motors
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Changes of cargos
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No changes to control proteins
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Little changes for Huntingtin and early
endosomes
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Future directions

HAP1 knockout
Subcellular distribution
KO in other hypothalamic neurons

Inducible conditional knockout
Age onset of neurodegeneration

HAP1-AHI1 interaction

Phosphorylation
Regulation of axonal trafficking machinery

Other neurological disorders
Amyotrophic Lateral Sclerosis (ALS)



Regulation of trafficking by
phosphorylations

Huntingtin phosphorylation
VS.
HAP1 phosphorylation
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Identification of a new HAP1 partner- AHI
(Jouberin, a Joubert syndrome protein)
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NT AHI1 largely reduced interaction
with HAP1

Mouse Ahi-1
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Effects of truncated AHI1 on neurite
outgrowth

1
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Truncated AHI1 reduces HAP1 expression and inhibits
NGF-stimulated Neurite outgrowth in PC12 cells. 33



Effects of tAHI1 on HAP1 degradation
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HAP1 was degraded faster when co-transfected with truncated
AHI1 then with full-length AHI1 in HEK293.



Regulation of trafficking by
phosphorylations

Huntingtin phosphorylation
VS.
HAP1 phosphorylation
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Summary of HAP1-AHI1 interaction

HAP1 and AHI1 form a stable complex in
cytoplasmic punta in neurons.

The mutant AHL1 destabilizes HAP1 (and increases
HAP1 phosphorylation), resulting in malformation
of neuronal network seen in Joubert Syndrome .

Although HAP1 mutations might be rare in the
genomes, dysfunction of its interacting partners
causes severe neural disorders. (HD, JS, ALS)
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