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(UU) OBJECTIVES:Objective:The objectiveof this studyis to elucidatethe mechanismsinderlyingmicroglia'srole in higherbrainfunction,
specificallythroughtheir activationby astrocyticATP. By understandingpow glial cellsmodulateneuralcircuits, this researctaimsto enhance
ourunderstandingf normalbrainfunctionandcontributeto the developmenbf moreaccuratecomputationamodelsof neuralcircuits.
Furthermorethis studywill investigatethe pathwaythroughwhich microgliamodulationof synapticactivity occursasa resultof astrocytic
ATP. Giventheimplicationsof astrocytemandmicrogliain variouscentralnervoussystem(CNS) functions,includinglearningiit is crucialto
mechanisticallydefinehow thesecellsinteractto influenceneuralnetworks.This knowledgehasthe potentialto providevaluableinsightsinto
theshifting activationstatesof neuralnetworksandthecritical role of glial cells, microglia,andastrocytesscentralintegratorsn the brain.
The SpecificAIMS

AIM 1: Determinethe mechanisnbehindCa2+mediatednicrogliaprocesslynamics Examinetherole of spontaneouandP2Y
receptor-mediatedvokedcalciumtransientsn microgliaprocessnotility in bothacutebrainslicesandin vivo preparation$rom GCaMP5
transgenianice. We will alsodeterminevhetherspecificallyblockingintracellularcalciumtransientsn microgliainhibits processnotility.
HypothesisP2Y receptoractivationleadsto Ca2+mediatednicrogliaprocessnotility.

AIM 2: Evaluatetherole of astrocyticATP releasén modulatingCa2+-mediategrrocessnotility in microglia: Sinceastrocytesequire
intracellularCa2+elevationgo releaseATP via

connexind3 hemichannelsye will first evaluateheimportanceof astrocyticCa2+dynamicsin microgliaprocessnotility usingthe
CX3CR1creER/GCaMP5G-tdTin the presenc@ndabsencef CalEx,anovelvirus thatinhibits intracellularastrocyticCa2+signaling.
Next, we will elucidatethe specificrole of astrocyticATP modulationof Ca2+-mediateghrocesamotility in restingmicrogliaby blocking
connexind3 hemichannelsvith flufenamicacid (FFA) or carbenoxolon€CBX) in vivo.

HypothesisAstrocyticATP releasemodulatesCa2+mediatedestingmicrogliaprocessnotility.

AIM 3 Determinethe effectsof restingmicrogliaprocessextensiorandretractionon neuronakxcitability: Usingintracellularwhole-cell
recordingof corticalsomatosensorayerli/1ll

pyramidalcellsin acuteslicesandin vivo Ca2+imagingof microgliaduringsensory-evokeedctivation

of neuronahetworksin barrelcortex,we will determindf microgliarespondo neuronakctivation
andreleasesolublefactorsthatmodulatesynaptictransmissionHypothesis Sensory-evokedtimulationof neurongdrivesCa2+activity in
microgliathroughthereleaseof ATP by astrocytesSubsequenta2+-dependemeleasef BDNF by microglialeadsto areductionin the
frequencyandamplitudeof excitatorysynapticevents.

(UU) FINDINGS: Dueto the COVID-19 pandemicthe majority of the objectivesfor this projectwereputon hold. However,| wasstill ableto
be productiveby publishingpapersandtraining high schoolandundergraduatstudentsszia Zoomto helpthemunderstandhe principlesof
this project.Herearethefollowing paperghatwerepublished.
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	14ABSTRACT: The roles of intracellular microglia Ca2+ dynamics in CNS function remain unknown. In particular, it is unclear what factors drive Ca2+ transients in microglia processes and whether Ca2+ transients in microglia drive the process motility observed in vivo. It is also unknown if Ca2+ transients and process movements play a role in the release of soluble factors that potentially modulate neuronal excitability. To date, the study of these issues has been hampered due to an inability to monitor intracellular microglia Ca2+ transients in intact animals. To address this problem, our group has generated floxed mice expressing GCaMP5G and the Ca2+ insensitive tdTomato marker to study the role of intracellular Ca2+ dynamics in microglia process extension and retraction. 
Our preliminary data using GCaMP5G animals and 2-photon Ca2+ imaging indicates that in the acute brain slice preparation, the application of ATP leads to an immediate rise in intracellular Ca2+ closely associated with microglia process movement. Similarly, our in vivo experiments in anesthetized animals indicate a close association between microglia intracellular Ca2+ transients and movement processes.
Using these techniques in combination with pharmacology, 2-photon Ca2+ imaging of astrocytes, and intracellular recordings of nearby neurons, we expect to establish a role for microglia Ca2+ activity in the CNS. Given our preliminary data, we hypothesize that astrocytes' spontaneous release of ATP mediates Ca2+-dependent extension and/or retraction of microglial processes. Through this mechanism, microglia processes can respond to sensory-evoked neural activity, come into physical contact with neurons, and release soluble factors that modulate synaptic transmission. The proposed studies can potentially define new and various roles for microglia in neuromodulation.
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	Fill: (UU) OBJECTIVES: Objective: The objective of this study is to elucidate the mechanisms underlying microglia's role in higher brain function, specifically through their activation by astrocytic ATP. By understanding how glial cells modulate neural circuits, this research aims to enhance our understanding of normal brain function and contribute to the development of more accurate computational models of neural circuits. Furthermore, this study will investigate the pathway through which microglia modulation of synaptic activity occurs as a result of astrocytic ATP. Given the implications of astrocytes and microglia in various central nervous system (CNS) functions, including learning, it is crucial to mechanistically define how these cells interact to influence neural networks. This knowledge has the potential to provide valuable insights into the shifting activation states of neural networks and the critical role of glial cells, microglia, and astrocytes as central integrators in the brain.
 The Specific AIMS

AIM 1: Determine the mechanism behind Ca2+ mediated microglia process dynamics: Examine the role of spontaneous and P2Y receptor-mediated evoked calcium transients in microglia process motility in both acute brain slices and in vivo preparations from GCaMP5 transgenic mice.  We will also determine whether specifically blocking intracellular calcium transients in microglia inhibits process motility. Hypothesis: P2Y receptor activation leads to Ca2+ mediated microglia process motility.

AIM 2: Evaluate the role of astrocytic ATP release in modulating Ca2+-mediated process motility in microglia: Since astrocytes require intracellular Ca2+ elevations to release ATP via
connexin 43 hemichannels, we will first evaluate the importance of astrocytic Ca2+ dynamics in microglia process motility using the CX3CR1creER/GCaMP5G-tdTm in the presence and absence of CalEx, a novel virus that inhibits intracellular astrocytic Ca2+ signaling. Next, we will elucidate the specific role of astrocytic ATP modulation of Ca2+-mediated process motility in resting microglia by blocking connexin 43 hemichannels with flufenamic acid (FFA) or carbenoxolone (CBX) in vivo.
Hypothesis: Astrocytic ATP release modulates Ca2+ mediated resting microglia process motility.

AIM 3 Determine the effects of resting microglia process extension and retraction on neuronal excitability: Using intracellular whole-cell recordings of cortical somatosensory layer II/III
pyramidal cells in acute slices and in vivo Ca2+ imaging of microglia during sensory-evoked activation
of neuronal networks in barrel cortex, we will determine if microglia respond to neuronal activation
and release soluble factors that modulate synaptic transmission. Hypothesis: Sensory-evoked stimulation of neurons drives Ca2+ activity in microglia through the release of ATP by astrocytes. Subsequent Ca2+-dependent release of BDNF by microglia leads to a reduction in the frequency and amplitude of excitatory synaptic events.

(UU) FINDINGS: Due to the COVID-19 pandemic, the majority of the objectives for this project were put on hold. However, I was still able to be productive by publishing papers and training high school and undergraduate students via Zoom to help them understand the principles of this project. Here are the following papers that were published. 
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