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Abstract

The onset of neurodegenerations and nervous system injury both trigger cell signaling
perturbations that lead to damage of neuronal circuits and synapic connections, as well as
protective signaling that aims to halt disease onset. Here we review recent findings that support
the role of the docosanoid mediator neuroprotectin D1 (NPD1) as an early response or sentinel
during the initial phase of nervous system damage. NPD1 is derived from docosahexaenoic acid
that is selectively concentrated and retained in the nervous system. The protein misfolding triggers
the biosynthesis of NPD1 which in turn downregulates pathways that lead to cell death and
changes the outcome to cell survival. Proteotoxic stress as a result of protein misfolding is a
widespread event in many neurodegenerative diseases. Therefore, mechanisms and mediators such
as NPD1 that curtail consequences of these events are of interest as leads in the search for novel
preventive and or therapeutic approaches.
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1. Introduction

Neurodegenerative diseases are genetically complex, progressive age-related disorders that
often involve early proteotoxic stress due to protein misfolding [1, 2, 3, 4].

The selective endowment in omega-3 essential fatty acids (docosahexaenoyl — DHA- chains
of membrane phospholipids, 22C and 6 double bonds) in synapses, photoreceptors and other
membranes of the nervous system [5, 6, 7, 8, 9, 10, 11, 12] is being explored based on the
bioactivity of the docosanoid synthesized from DHA [13, 14] Neuroprotectin D1
(NPD1,10R,17S-dihydroxy-docosa-42,7Z,11E,13E,15E,19Z hexaenoic acid). Endogenous
NPD1 biosynthesis is promptly induced in response to various forms of injury [14, 15],
including protein misfolding and resulting proteotoxicity [16]. Interestingly, neurotrophins
are agonists for the synthesis of this protective mediator, suggesting that the neurotrophins
action may be one of the connections to evoke the formation of a defense response [17].
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This cell survival cascade and the events that sustain neuronal network homeostatic integrity
involve multiple checkpoints and signaling networks that include restoring proteostasis
during protein misfolding and attenuation of misfolding-induced proteotoxicity. NPD1
regulation of upstream targets affects cell survival, neuroinflammatory signaling and
transcription, which in turn promotes homeostatic regulation of synaptic and neural circuitry
integrity. Highlighted here are recent insights on NPD1’s specific and potent bioactivity,
including its role in proteotoxic and neuroinflammatory events. As this lipid mediator is
biosynthesized on-demand during the early stages of neurodegenerative diseases and neural
injury, NPD1 acts as a preliminary protective sentinel of cell homeostasis [5, 18].

2. NPD1 synthesis is triggered by protein misfolding

Pathological polyglutamine tracts impair homeostasis and protein folding, which often
triggers cell damage and death [18]. These tracts are caused by errors in DNA replication,
such as CAG repeats, which are responsible for subsets of many neurodegenerative
disorders [19]. Other repeat errors include the expression of Ataxin-1 82Q mutants. Ataxin-1
82Q mutant-expression causes spinocerebellar ataxia type-1 (SCAL), but it also triggers the
endogenous NPD1 synthesis (Fig. 1). NPD1 synthesis is also activated with the expression
of huntingtin 72Q mutants, as revealed through LC MS/MS based lipidomics [16]. The
addition of NPD1 to singular cultures was employed to test the hypothesis that mutant
expression induced NPD1 synthesis was a protective responses. In conjunction, it was
hypothesized that the impairment caused by the misfolded proteins was greater than the
neuroprotection granted by endogenous NPD1. This avenue was explored by adding
exogenous NPD1, which exerted significant antiapoptotic bioactivity at 50mM (Fig. 2).
Increased apoptotic protection was recorded with the addition of the serpin family growth
factor PEDF to 100mM DHA (Fig. 2). NPD1 is synthesized endogenously under these
conditions, as in basal conditions [17].

Previous findings indicate that NPD1 may work by modulating PP2A activity [16]. PP2A
inhibition may be counteracted by this docosanoid, which would allow Ataxin 82Q to de-
phosphorylate and be relocated into the spliceosome. This expanded Ataxin form is
proposed to have a stronger interaction with Anp32, compared to the wild type Ataxin-1.
This key difference makes this protein a potential candidate for NPD1 signaling.
Accordingly, Ataxin-1 functionality is partially modulated by AXH, a selffolding domain
present in Ataxin-1. AXH facilitates protein-protein interactions between Ataxin-1 and other
transcription factors. The inactive counterparts of Ataxin-1 cause the sequestration of more
complex partners, which in turn may be linked to neurodegenerative impairment. AXH
domain-containing protein family-member brother of Ataxin-1 (Boat) is a case for the
proposed observable loss of function. Boat is an /n vivo binding partner of Ataxin-1 that is
also affected by the malfunction of Ataxin-1 82Q. Malfunction of Ataxin-1 82Q also affects
Boat, which is an /in vivobinding partner of Ataxin-1. Accordingly, apoptosis increased in
cells with only AXH expression. Moreover, Ataxin-1 82Q-induced cytotoxicity was
increased by AXH expression. AHX expression is capable of increasing toxicity through
upregulating the disassembly of complexes, which in turn deactivates its partners.

Because it promotes cell survival through gene modulation, NPD1 is capable of reversing
the toxicity of misfolded and mutant proteins, such as Ataxin-1 82Q and Huntingtin 72Q
[16]. The early phases of many neurodegenerative diseases are marked by few clinically
measureable impairments, but protein misfolding and proteotoxic stress are present. We
have explored the use of NPD1 as an agent for these events in culture models such as
neuronal mixed cultures and human retinal pigment epithelial (RPE) cells.
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3. NPD1is reduced in Alzheimer’s disease brains

NPD1 levels are reduced in early stages of Alzheimer’s disease (AD), as is 15
lipoxygenase-1 (15-LOX-1) expression [20, 21]. 15-LOX-1 is crucial for NPD1 synthesis.
This enzyme catalyzes conversion of arachidonic acid to several eicosanoids, and the
addition of 12-HETE, 15-HETE and of protective lipoxin A4 fails to rescue 15-LOX-1-
deficient human RPE cells from oxidative stress-induced cell death [22]. However, NPD1 is
capable of selectively rescuing human RPE cells from oxidative stress-induced apoptosis.
Therefore, we have explored the significance of NPD1 in cellular models that recapitulate
part of AD pathology.

AD pathology includes double mutation of APPsw (Swedish) and amyloid-f that challenges
neurons and astrocytes. NPD1 downregulates the processing of the amyloid-p precursor
protein and shuts down pro-inflammatory gene expression (such as TNF-a, COX-2 and
B-94-TNF-a inducible pro-inflammatory elements), which in turn promotes cell survival
(Fig. 3). Moreover, anti-amyloidogenic processing by NPD1 targets a- and 3-secretases and
PPAR-y receptor activation [15]. NPD1 positively modulates the levels of BCL-2 anti-
apoptotic proteins, while simultaneously downregulating pro-apoptotic BCL-2 and microglia
activation. This is achieved through modulation of S62-Bcl-xI, which is regulated by the
protein phosphatase PP2A. In turn, Bcl-xI heterodimerizes with BAX, thus decreasing the
availability of the pro-apoptotic BCL-2 protein and leading to positive cell survival
outcomes [23]. Moreover, NPD1 attenuates oxidative stress consequences [24, 25]. The
protective effects of NPD1 are seen in other studies displaying attenuation of choroidal
neovascularization in a model of the wet form of agerelated macular degeneration (AMD)
[26].

The bioactivity of NPD1 attenuates neuronal circuit damage and its synthesis is one of the
brain’s first responses to insult or disease. The wide range of nervous system damage that
activates NPD1 synthesis is intriguing in that this docosanoid mediator seems to be a
sentinel that may guard the integrity of the nervous system when confronted with adversity
that tends to disrupt homeostasis. Understanding the myriad of NPD1-mediated mechanisms
will help guide the development of therapeutic approaches. One outcome of these studies
will be the design of preventative strategies and therapeutic approaches to slow down the
initiation and early progression of neurodegenerative diseases such as Alzheimer’s,
Parkinson’s and age-related macular degeneration.
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Figure 1. Endogenous NPD1 biosynthesisis enhanced upon expression of Ataxin-182Q in RPE
cells

Primary human RPE cells were transfected with 82Q. Cells (black bars), NPD1 content in
media (white bars) and total (grey bars) was measured by LC MSMS with or without the
addition of DHA. * p<0.005. (Figure modified and published with permission from Journal
of Biological Chemistry (2012) 287(28):23726-39 “Ataxin 1 Poly(Q)-induced Proteotoxic
Stress and Apoptosis are Attenuated in Neural Cells by Docosahexaenoic Acid-derived
Neuroprotectin D1”; Calandria JM, et al.)
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Figure 2. NPD1 prevents huntingtin-17Q-induced apoptosisin ARPE-19 cells

ARPE-19 cells transfected with an expression construct containing ht-72Q were treated with
50 nM NPD1, or DHA (100 nM) along with PEDF (10 ng/mL). Apoptosis percentage was
calculated by dividing pyknotic over the total count of cells. Results are averages + SD. * p<
0.0005. (Figure modified and published with permission from Journal of Biological
Chemistry (2012) 287(28):23726-39 “Ataxin-1 Poly(Q)-induced Proteotoxic Stress and
Apoptosis are Attenuated in Neural Cells by Docosahexaenoic Acid-derived Neuroprotectin
D1”; Calandria JM, et al.)
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Figure 3. NPD1 shifts BAAP processing to a non-amyloidogenic pathway

(A) Control or HNG cells over-expressing pAPPsw were treated with increasing
concentrations (0, 50, 100, 500 nM) of NPD1 for 48 h and subjected to Western blot
detection of holo-BAPP (BAPP holoenzyme), SAPPa, SAPPBsw, CTFa and CTFf in
comparison to B-actin levels in the same sample; (B) Quantification of gel bands in (A)
analyzing BAPP fragments with increasing doses of NPD1. Results are means + SEM (n=4);
*p<0.01 vs. BAPPsw control.
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