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Inflammation in the spinal cord after nerve lesion 
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Inflammation in the spinal cord after nerve lesion 
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Normal pain Pathological pain 

Coull, Beggs et al., Nature 2005 



Can microglia depletion reverse nerve 
injury-induced pain hypersensitivity? Ji Zhang 
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Figure 2. Morphine-induced chemotaxis of microglia in the 
Boyden Chamber. Microglia were stimulated with DMEM or 
1µM morphine for 90 min… 

Figure 4. Morphine-induced BDNF 
mRNA expression in microglia. 



Adaptation to chronic morphine 
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Chronic morphine treatment : hyperalgesia 
Francesco Ferrini Testing every morning, just before injections of morphine 
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Chronic morphine causes microglial activation 
Francesco Ferrini, Alexandra Mattioli 
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BDNF from microglia; necessary for morphine hyperalgesia? 
Tuan Trang 

Yet, morphine analgesia is intact 

CD11b-Cre+/LoxBDNF mice do not develop 
morphine –induced hyperalgesia 



P2X4 receptors; necessary for morphine hyperalgesia 
Sophie Laffray 
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Morphine causes paradoxical hyperalgesia… 
by triggering a central inflammatory response… 
that leads to impaired Cl- homeostasis… 
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What about the brain ?  



Disrupted Cl- homeostasis in opiate-dependence 

Figure 6 Single-unit extracellular recordings of VTA GABAergic neurons shows that a subpopulation of these 
neurons respond with excitatory depolarization to receptor activation in the opiate-dependent/withdrawn state. 
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Microglial activation in the ventral tegmental area 
(VTA) of acute and chronic drug exposure Anna Taylor 

(Cathy Cahill) 



Impaired morphine-evoked dopamine release in animals 
with peripheral nerve injury Anna Taylor 

(Cathy Cahill) 

Morphine Amphetamine 



Intra-VTA opiate injection fails to produce place 
preference in animals with peripheral nerve in jury 

Anna Taylor 
(Cathy Cahill) 



Microglia-BDNF-KCC2 cascade in the ventral tegmental 
area (VTA) in animals with peripheral nerve injury 

Anna Taylor 
(Cathy Cahill) 
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Neuropathic pain-induced Cl- dysregulation in VTA 
GABAergic neurons blunts the reward response 

Anna Taylor 
(Cathy Cahill) 
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What about the ACC?  



Time-dependent development of anxio-depressive-like 
phenotypes 

Yalcin et al Biol.Psych. 2011 
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Ablation of the ACC, but not the pIC blocks the anxio-
depressive-like phenotype following nerve lesion 

Barthas et al Biol.Psych. 2015 
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Optogenetic stimulation of the ACC triggers anxio-
depressive-like behaviours 

Barthas et al Biol.Psych. 2015 

Ipek Yalcin 



Microglial activation in the ACC... 

Ipek Yalcin 

…Only several weeks after nerve injury 

7 days 

Zhang et al. Mol. Pain 2008 

8 weeks 



What about sex?  



Microglia respond to peripheral nerve injury 
in females as well as in males  Robert Sorge 
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Microglia depletion reverses pain hypersensitivity 
… but only in males… 

Sorge et al. unpublished  



Pain hypersensitivity prevented by microglia 
  BDNF depletion in males only  

Sorge et al. unpublished  



Pain hypersensitivity reserved by P2X4 receptor 
blocker but only in males 

Sorge et al. unpublished  



What microglia ?  



The expanding optogenetic toolbox… 

Prescott et al Nat.Neurosci. 2014 

Brain 

Optogenetic 
Control Targeted 

Double Patch 
Recording 

T r a n s- s y n a p t i c 
L a b e l l i n g 

( R e t r o g r a d e ) 

Optrode Detection 
and Recording 

Virus injection 
in thalamus 

Afferent and 
Transsynaptic 
Labeling 



Challenge: Functional imaging of cellular dynamics in situ 
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In vivo functional imaging: dealing with movement… 
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Challenge: Functional imaging of cellular dynamics in 
behaving animals 

Bélanger et al, J. Biomed. Opt. 2012 

Erik Bélanger 
Sophie Laffray 






A characterization of microglia based on 
their dynamic behaviour Sophie Laffray 

Normal surveillance mode Response to a focal laser lesion 

In vivo two photon imaging across the dura matter 
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Merci! 




	Microglia gating pain… and beyond�Université Laval, Québec, Canada�Yves De Koninck
	Inflammation in the spinal cord after nerve lesion
	Inflammation in the spinal cord after nerve lesion
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Chronic morphine treatment : hyperalgesia
	Chronic morphine causes microglial activation
	BDNF from microglia; necessary for morphine hyperalgesia?
	P2X4 receptors; necessary for morphine hyperalgesia
	Morphine causes paradoxical hyperalgesia…�by triggering a central inflammatory response… that leads to impaired Cl- homeostasis…
	What about the brain ? 
	Disrupted Cl- homeostasis in opiate-dependence
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	What about the ACC? 
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	What about sex? 
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	What microglia ? 
	The expanding optogenetic toolbox…
	Challenge: Functional imaging of cellular dynamics in situ
	In vivo functional imaging: dealing with movement…
	Challenge: Functional imaging of cellular dynamics in behaving animals
	A characterization of microglia based on their dynamic behaviour
	Slide Number 37
	Slide Number 38



