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Omega-3 and Omega-6 Essential Fatty Acids
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Docosahexaenoic Acid
(DHA 22:6, n-3, Omega-3 Essential Fatty Acid)

Implicated in

Aging, Memory
Mild Cognitive Impairments
Synaptic membrane function

Photoreceptor biogenesis and function
Neuroprotection



The Building of the Brain : Why so much DHA? Why DHA
IS so avidly retained?

Normal
Development

Role in synaptic membrane organization and function
Reservoir of bioactive mediators at the synapse ?
DOCOSANOIDS
Both?



Arachidonic and Docosahexaenoic Acids are Released
In the CNS upon Stimulation : The Advent of

Docosanoids
30 sec After Triggering a Seizure
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Bazan NG, Birkle DL, Reddy TS: Docosahexaenoic acid is metabolized to lipoxygenase reaction
products in the retina. BBRC 125:741 747, 1984.
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Ischemia-Reperfusion (MCA-O Model)
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Systemic Docosahexaenoic Acid
{2 hrs (i.v.) After 2 hrs of MCA-O}
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m m Omega-3 Tail
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Neurotrophins Induce NPD1 Synthesis
In Human RPE Cells
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NPD1 (50nM) Attenuates Oxidative Stress-Induced
Apoptosis of Retinal Pigment Epithelial Cells
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NPD1 Does Not Block Oxiranes
Formation From A2E that Accumulates in Stargart
Macular Degeneration

B A2E B A2E/NPD1

% of total A2E

m/z 592 608 624 640 656
A2E Mono- Di- Tri- Tetra-
Oxiranes

Mukherjee, P.K et al., PNAS, 104:13152-13157, 2007
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Selective Survival Rescue By NPD1 In
15-Lipoxygenase-1 Deficient Cells

15-LOX 1 shRNA NS cells
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htt-72Q EXpression induces Apoptosis in h-RPE:
NPD1 or DHA+PEDF Exert Protection (3 days)
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AxH Domain Contributes to Cytotoxicity by Ataxin-1
and Induces NPD1 Synthesis in Human RPE Cells

Ataxin-1 Ataxin-1 PolyQ

= T 1.
< o | I
o 2 ogp Mee
N Pt i
'g g 066 Bl meduim
o £ - [total
8 E 04L
S i
< c 0.2L
o n
~ 0
NPDL — —4— —4— —4— —+— —+—  DHA _  _ + _ 4
DHA/PEDF — - -+ — -+ ——4+ ——+4+ ——+

82Q AxH 82Q/ AAxH 2Q
AxH 82Q - + + - =






Normal Development il i% § ;

Neuroinflammation , Deposition of Plaques and Neurofibrillary Tangles, Synaptic Loss
and Decline of Memory and Cognition
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DHA, Neuroprotectin D1, Cognitive Decline and Alzheimer's.
In AD transgenic mice, dietary DHA restores cerebral blood volume, reduces
AP deposition, and ameliorates AB pathology.

F Calon, .... and Greg M. Cole (2004); Neuron;

Green, K., LaFerla, F. (2007) J. Neurosci.

Eleven observational studies and four clinical trials favor a role for DHA in
slowing cognitive decline in elderly individuals without dementia but not for
the prevention or treatment of dementia, including AD”. Fotuhi, M., Mohassel,

P., and Yaffe, K., (2009) Nature Clin. Pract. Neurol.

Mediterranean diet...”associated with a trend for reduced risk for MCI and
with reduced risk for MCI conversion to AD” Scarmeas, N. et al (2009).

Arch Neural,
NPD1 downregulates AP release and is anti-apoptotic.

Lukiw, W., Cui, N.,.... and Bazan, N. (2005) J. Clin. Invest.

NPD1 downregulates neuroinflammation, is anti- apoptotic, and
promotes cell survival. Marcheselli, V.L., et al. JBC (2003) ; Mukherijee,
P., et al (2004) Proc. Natl. Acad. Sci.; Lukiw, W. et al (2005) JCI




NPD1

NPD1 is Reduced in CA1 Region of AD Brain
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DHA Attenuates AB Peptide Secretion and
Serves as the Precursor for NPD1 Biosynthesis.
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NPD1 Down-Regulates AB-Induced
Expression of Pro-Inflammatory Genes

MRNA Protein Immunohistochemistry
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NPD1 Inhibits IL-1B-Induced COX-2
Expression in Retinal Pigment Epithelial Cells

Proximal Human COX-2 Promoter
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Swedish double mutation
of Amyloid Precursor Protein
IS assoclated with early-onset
familial Alzheimer's Disease

Huntington’s disease
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NPD1 Shifts APP Processing To Non-Amyloidogenic

Pathway in Human Neural Progenitor Cells

APPsw/GFP Transfection
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NPD1 Reduced Levels of AB Released From
HN Cells Overexpressing APPsw
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NPD1 Decreases BACEL Levels
While Simultaneously Activating ADAM10
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BACE1l and ADAM10 are Required for
NPD1 Regulation of APP Processing
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PPARYy is a DNA-Binding
Transcription Factor
Turned On After Agonist
Binding
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PPARy Activation Required for NPD1 Suppression
of BACE1 But Not for Activation of ADAM10
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Omega-3 Tail
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Neuroprotectin D1 is a Sentinel Ready to be Deployed
during the Initiation of CNS injury and Zor
Neurodegenerations.

® Interplay of NPD1—mediated signaling aims to

counteract evolving pro-inflammatory, synaptic-
damaging events triggered by converging cytokine
and other factors.

® Bcl-2 pro- and anti-apoptotic gene families, Akt/m-TOR,
pro-inflammatory signaling and neurotrophins lie, with
NPD1, along a cell fate-regulatory pathway/s whose
components are highly interactive, and have potential to
function cooperatively in the maintenance of cellular
homeostasis, neural cell plasticity and cell survival.

® Regulation of NPD1 synthesis may redirect cellular
fate towards successful cell aging and survival upon
Injury/neurodegeneration.
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