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Grant Number: RO1ES026892

Grant Title: Protein Aggregation and Inflammasome Signaling in Manganese Neurotoxicity

Background/Context:
Thisis a new RO1-aimed at neuroinflammatory pathology underlying neurodegenerative disease, but specifically will

examine how Mn exposure triggers alpha-synuclein (aSyn) aggregation (a hallmark of PD) and activates glial mediated
neuroinflammatory signaling. Importantly, AnumanthaKanthasamy is collaborating with Brad Racette whois studying
neuropathological changesin postmortem brain tissue from Mn-exposed miners.

Key Translational Milestones

e Investigation of the neuroinflammatory pathology underlying neurodegenerative disease, specifically examining
how Mn exposure triggers aSyn aggregation (a hallmark of PD) in brain cells.

e Computermodeling showingthatthe PKC& isoform has the highest probability of phosphorylating Ser 595 on
NLRP3 proinflammatory signaling.

* Characterization of the role of PKC6 in Mn-exosomal alpha-synuclein-induced inflammasome signaling bytesting
whether Mn-exosomal aSyn aggregates activate inflammasome signalingin primary microgliaand

astrocytes.

e Investigation of this pathway in postmortem brain tissue from Mn-exposed miners.
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Or more detailed:

e Characterizethe cellular mechanism of Mn-induced impairment of endosomal trafficking, retromer dysfunctionand
exosome releasein cell cultureand animal models of Mn neurotoxicity. Expected findingis that Manganese-induced
exosomes containing aSyn aggregates (Mn-exosomal aSyn) activatethe NLRP proinflammatory inflammasome pathways
through PKC&-dependent signaling.

Models — Human mesencephalic dopaminergic neuronal cells (LUHMES) as well as wild-type and aSyn Tg mice

e Determine the NLRP2/3 inflammasome neuroinflammatory signalingin microgliaand astrocytes triggered by Mn-induced
exosomal aSyn aggregates, and characterize the proinflammatory regulatory function of PKC6 in NLRP2/3 inflammasome
activationin Mn neurotoxicity.i) Characterizethe activation profile of NLRP2/3 inflammasomeinduction and PKC&
activation by Mn-exosomal aSyn in mouse primary microglia and astrocytes, ii) determine whether Mn-exosomal aSyn-
induced PKC& activation regulates NLRP2/3 inflammasomes and IL-1B proinflammatory signalingin microglial and astroglial
cells,andiii) evaluate the role of PKC&-dependent inflammatory responses in promoting nigrostriatal neuronal cell death
usinggenetic approaches including siRNAs and PKC6 KO microglia. Expected findingis that PKCé regulates proinflammatory
signaling cascade in Mn induced aSyn aggregation.

Models: Primary microglia and astrocytes from wild type and PKCS6 KO mice as well as primary striatal and nigral neurons.

e Examine the role of PKC& in mediating the exosomal aSyn aggregate-induced proinflammatoryresponseinnigrostriatal
neurons inanimal models of Mn neurotoxicity, and confirmthe presence of aSyn protein aggregationin Mn-exposed
human braintissues. i)Determine the role of PKCS in Mn-exosomal aSyn-induced microglial activation and inflammasome
signalingin vivo using PKCS wild-type and PKC6 KO mice, ii) establish the pathological role of aSyn aggregation and PKC&-
mediated inflammasomesignalingin Mn-induced progressive neuronal degeneration using aSyn A53T and PKC& KO double-
transgenic mice, andiii) characterize aSyn protein aggregation, microglialinflammasomeactivation, PKC6 upregulation and
neuronal degeneration in Mn- exposed human braintissues. Expected findingis thatexosomal aSyn and PKCS
proinflammatory signaling contributes to neurodegenerative processes in Mn neurotoxicity.

Models: Wild-typeand PKCS KO mice, human A53T aSyn mice, A53T aSyn/ PKCS +/- double Tg mice, control human brain
samples and Mn exposed human brainsamples.

Given the predominant roles of neuroinflammation and protein aggregationin neurodegenerative disorders, our proposed
study will offer novel insights into the neuron-glia interactions relevantto neuroinflammatory mechanisms in Mn
neurotoxicityand PD. This study will greatly advanceour current understanding of how misfolded proteins released from
neurons trigger proinflammatoryresponsesinglial cells, promoting the spread of protein aggregates and
neurodegeneration among neurons. Furthermore, this work will provide comprehensive information abouthow
environmental exposure to Mn alters cellular mechanisms of endosomal trafficking, leadingto cell-to-cell transmission of
misfolded protein aggregates. Most importantly, the outcome of this study will offer therapeutic targets to modulate the
propagation of misfolded aSyn andinflammatory responses for the treatment of Mn neurotoxicity, PD and other related
disorders.

e Compare the extent of aSyn protein aggregation, inflammasome and PKC6 activation between Mn miners and non-Mn
miners. Dr. Brad Racette has established a uniqueinternational collaboration among Washington Universityin St. Louis,
MO, the University of Washingtonin Seattle, WA, and the University of WitwatersrandinJohannesburg, to characterize
neuropathological changes in Mn-exposed brain tissues usinga well-established mining occupational health management
program in South Africa.Dr. Racette will providebraintissues for our studies and will serveas a consultantfor the
project.Mn exposures inthese mines are similar to those found in developed countries (274). Brains fromnon-Mn miners
were collected inthe same miningregion withinthe Northern Cape from miners with a history of miningother
commodities other than Mn, such as asbestos or diamonds. Mn miner and non-miner brains to be used in this study, as
described previously (275, 276), come from age-matched black malesubjects totaling eight Mn miners and eight non-Mn
miners. These Mn miners have a proinflammatoryimbalance with a higher microglia:astrocyteratio compared to non-Mn
miners (276).
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Translational Research Milestone 1:

e |nvestigate the neuroinflammatory pathology underlying neurodegenerative disease, specificallyexamining how
Mn exposure triggers alpha-synuclein aggregation (a hallmark of PD) and neuroinflammatory processesin
neuronal and glial cells.

Fundamental Science Interactions Ring:
Driver: Mechanisticunderstanding
Experimental Setting: Ex vivo, In vivo
Organism: Human, Mice

Timeframe: Work is just startingin 2016 In vivo -
(Mice) Understanding
Collaborators:
e AnumanthaKanthasamy
Ex vivo
Source: (Human)

Grant Proposal

Translational Narrative:
What led to the next step?
How didthe ideaevolve?
Who wasinvolved?
What needed to happen (collaborations, tools, technologies, serendipity) to cross the translational bridge?
How did you know what to do next?
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Translational Research Milestone 2:
e Computermodelingshowingthatthe PKCS isoform has the highest probability of phosphorylating Ser 595 on
NLRP3 proinflammatory signaling.

Fundamental Science Interactions Ring:
Driver: Mechanisticunderstanding

Experimental Setting: In silico
Organism: NA

Insilico
Timeframe: priorto 2016
Understanding
Collaborators:

e AnumanthaKanthasamy

Source:
Grant Proposal

Translational Narrative:
What led to the next step?
How didtheideaevolve?
Who was involved?
What needed to happen (collaborations, tools, technologies, serendipity) to cross the translational bridge?
How did you know what to do next?
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Translational Research Milestone 3:
e Investigate the role of PKCS in Mn-exosomal alpha-synuclein-induced inflammasome signaling by testing
whether Mn-exosomal aSyn aggregates activate inflammasome signaling in primary microgliaand astrocytes.

Fundamental Science Interactions Ring:
Driver: Mechanisticunderstanding

Experimental Setting: Invivo
Organism: Mice

Timeframe: Work is just startingin 2016 .
Understanding
Collaborators:

e AnumanthaKanthasamy

Source:
Grant Proposal

“Lranslational Bridge ||

e S S——

Translational Narrative:
What led to the next step?
How didtheideaevolve?
Who was involved?
What neededto happen (collaborations, tools, technologies, serendipity) to cross the translational bridge?
How did you know what to do next?
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Translational Research Milestone 4:

e |nvestigation of this exosomal aSyn protein misfolding pathwayin
postmortem brain tissue from Mn-exposed miners by comparingthe
extentof aSyn protein aggregation, inflammasomeand PKCdelta
activation between Mn minersand non-Mn miners.

Fundamental Science Interactions Ring: Understanding

Driver: Mechanisticunderstanding
Experimental Setting: Ex vivo

Organism: Human .
8 Ex vivo

(Human)

Timeframe: Work is just startingin 2016

Collaborators:
e AnumanthaKanthasamy
e Dr. Brad Racette has established aunique international collaboration among Washington University in St. Louis,
MO, the University of Washingtonin Seattle, WA, and the University of Witwatersrand in Johannesburg, to
characterize neuropathological changesin Mn-exposed brain tissues using a well-established mining
occupational health management programin South Africa.

Source:
Grant Proposal

Translational Narrative:
What led to the nextstep?
How didtheideaevolve?
Who wasinvolved?
What needed to happen (collaborations, tools, technologies, serendipity) to cross the translational bridge?
How did you know what to do next?
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