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Microglia: principal immune cells in the brain 

Miller, Science, 2005 



 
Microglia are highly dynamic 

ATP 

Wu et al., Glia, 2007  

Microglia basal motility, 10 min  

Microglia process chemotaxis, 30 min  

Microglia: CX3CR1-GFP  



Two-photon imaging microglia-neuron interaction in vivo 

Neuron: Thy1-YFP    Microglia: CX3CR1-GFP  



http://wulab.cbn.rutgers.edu/ 

http://neuroimmunelab.mayo.edu/ 



Overview 

 

 

 

       

• How microglia sense neuronal activity? 

       

• What is the function of microglia in chronic pain? 
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Eyo et al., J Neurosci, 2014 

Microglial process extension to hyperactive neurons 





Neuronal firing triggers microglial process convergence 

Neuron 
Alexa 594 

Microglia: GFP     Neuron: Alexa 594 



Neuronal activities induce microglial process 
extension/convergence/phagocytosis 

Microglia 

Neuron 

Microglia sense ATP from hyperactive neurons 

P2Y12 

Microglia dampen neuronal 
activities 

Hv1/TREM2? 

Eyo et al., Cell Rep, 2018 

Mo et al., J Neurosci, 2019 

Eyo and Wu, Prog Neurobiol, 2019 

Eyo et al., J Neurosci, 2014 

Eyo et al., J Neurosci, 2015 

Tian et al., J Neurosci, 2017 
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A critical question in the microglia field: 
 
 
Most microglia in vivo imaging was done under anesthesia. 
 
 How about microglia dynamics in awake mice?  



Neuronal activity in awake and anesthetized mice 



Microglial process dynamics in awake and anesthetized mice 



Increased microglial process dynamics after anesthesia 



What is the molecular mechanisms? 

Norepinephrine controls microglial process dynamics 

P2Y12-/- mice 



The functional significance? 

Increased contact with neuronal dendrites  after anesthesia 
CX3CR1-GFP:Thy1-YFP 



Neuronal activity inhibits microglial process dynamics 
via norepinephrine signaling in awake mice 

Liu et al., Nat Neurosci, 2019 

Awake Anesthetized 

Dr. Yong U. Liu 
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Summary 

Neuronal activity 
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Biphasic neuronal activity increases microglial process dynamics 



Microglial Ca2+ imaging in vivo 
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CX3CR1-CreER:ROSA-CAG-GCaMP6s mice 



Umpierre et al., eLife, 2020 

Microglial Ca2+ in response to biphasic neuronal activity 
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Umpierre et al, eLife, 2020 
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Overview 

 

 

 

       

• How microglia sense neuronal activity? 

       

• What is the function of microglia in chronic pain? 
        

 



Microgliosis and neuropathic pain  
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Microglia/monocyte ablation attenuated neuropathic pain 



How about only microglia ablation? 

a CX3CR1CreER/+:R26iDTR/+ mice  
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Resident microglia are required for chronic pain initiation 



In vivo imaging of monocytes in the spinal cord 



No monocyte infiltration using CCR2RFP / CX3CR1GFP mice 
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Microglial proliferation dominates microgliosis 
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Microglial proliferation peaks at day 3 after SNT 
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Microglial proliferation is correlated with neuropathic pain 
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Peng et al., Nat Commun, 2016; Gu et al., Cell Rep, 2016 

Microglia and monocytes synergistically promote pain 

Dr. Jiyun Peng 

Now at Nanchang U 

 



Question: chronic pain model without monocyte 
activation? 

If so, 
 
(1)  What is microglial function? 

 
(2)  What is microglial signaling involved? 

 



HFS induces spinal LTP and chronic pain 
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HFS increases long-term microglial activation 
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HFS-induced chronic pain is a unique model 

 
(1)  Short-term stimulation but long-lasting pain 

 
(2)  No nerve injury 

 
(3)  Minimal peripheral inflammation 

 
(4)  Dramatic microglial activation 

What is the role of microglia in HFS-induced chronic pain? 



What is the role of microglia? 
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CX3CR1CreER/+:R26iDTR/+ mice  

What is the role of microglia? 

What is microglial mechanism underlying acute to chronic transition? 



HFS increases the nerve sprouting 
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Microglial BDNF involved? 



Microglial BDNF in HFS-induced nerve spouting and pain  
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HFS activates microglia via CSF1 signaling 

How microglia get activated after HFS? 



Microglial CSF1R and BDNF? 
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Zhou et al., Cell Rep, 2019 
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How can we directly manipulate microglia 
to study their function in chronic pain? 

Optogenetics and chemogenetics 
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Microglial ReaChR induces chronic pain via IL1β signaling 

Dr. Min-Hee Yi 

Yi et al., BioRxiv, 2020; Yi et al., Plos Biol, under revision 



Summary 
 

 

       

• How microglia sense neuronal activity? 

     Microglia sense neuronal hyperactivity via ATP-P2Y12 signaling 

      Microglia sense neuronal hypoactivity via NE-β2 signaling 

      U shape microglial responses to neuronal activity 

       

• What is the function of microglia in chronic pain? 
      Microglial proliferation induces microgliosis and neuropathic pain after nerve injury 

      HFS-induced chronic pain requires microglial CSF1R signaling 

      Optogenetic activation of spinal microglia induces chronic pain via IL1β signaling 
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