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1. Introduction 

Pain we experience acutely in response to noxious stimuli has an important role as an 
early warning device that alerts us to the presence of damaging stimuli. This normal, 
‘good’, pain usually goes away after the nociceptive stimulus is removed or the tissue 
damage is repaired. However, there is a type of pain that does not go away even though 
tissue damage has already healed. A type of this pain is called as neuropathic pain that 
typically develops when peripheral nerves are damaged such as through surgery, bone 
compression in cancer, diabetes or infection. This ‘bad’ pain provides no known 
physiological advantage as it does not signal tissue damage. One troublesome hallmark 
symptom of neuropathic pain is pain hypersensitivity to normally innocuous stimuli, a 
phenomenon known as tactile allodynia, which is refractory to currently available 
treatments such as morphine. We are now beginning to understand that neuropathic pain 
is not just a symptom of disease but is a consequence of disordered functioning of the 
nervous system (1). 

Over the last decade, accumulating evidence concerning how peripheral nerve injury 
creates neuropathic pain has suggested that this pain might involve aberrant excitability 
of the nervous system, notably at the levels of the dorsal horn of the spinal cord, resulting 
from multiple functional and anatomical alterations following peripheral nerve injury (1). 
Although it long was thought that these alterations occur mainly in neurons, we have 
revealed evidence showing that they also occur in spinal microglia, a type of glial cells. In 
this talk, I will present our findings demonstrating that microglia are a central 
component of non-cell-autonomous neuropathic pain. 
 
2. Identification of microglial molecules that creat neuropathic pain 

After injury to peripheral nerve, microglia in the normal state (traditionally called 
‘resting’ microglia) in the spinal dorsal horn are converted to an activated state through a 
series of cellular and molecular changes. Activated spinal microglia show hypertrophied 
soma, thickened and retracted processes, and increased proliferation activity (2, 3). 
Furthermore, these microglia induce or enhance expression of various genes including 
neurotransmitter receptors and intracellular signaling kinases. We have discovered that 
P2X4 receptor (an ion-channel present on the plasma membrane of cells and is activated 
by extracellular ATP) is of particular important, because pharmacological, molecular and 
genetic manipulations of the function or expression of P2X4 almost completely abolishes 
nerve injury-induced tactile allodynia (4).  

 



 

 

The mechanisms by which microglia are crucial for producing neuropathic pain must 
involve signaling from activated microglia to dorsal horn neurons that transmit sensory 
information to the brain, but how? BDNF (brain-derived neurotrophic factor) has been 
identified as a signaling factor between microglia and dorsal horn pain transmission 
neurons (5). ATP stimulation cause a release of BDNF from microglia via activation of 
P2X4, and BDNF then binds to its receptor TrkB expressed on the cell surface of dorsal 
horn neurons. Interestingly, BDNF changes the response of the inhibitory 
neurotransmitter GABA (γ-aminobutyric acid) that are released by innocuous stimulation 
to excitatory in the dorsal horn neurons, imply that innocuous information might 
converts into pain information. 
 
Conclusion 

These our results indicate that spinal microglia are essential for pathologically 
enhanced pain processing in the dorsal horn and therefore microglial molecules might be 
promising targets for treating neuropathic pain. A predicted therapeutic benefit of 
interfering with microglial molecules may be that normal pain sensitivity would be 
unaffected because expression or activity of most of these molecules are upregulated or 
enhanced predominantly in activated microglia in the spinal cord where damaged 
sensory fibers project. In addition to microglia, recent studies have also identified 
astrocyte-specific molecules and demonstrated a critical role of spinal astrocytes in 
neuropathic pain (6). Thus, it is expected that an increased understanding of the 
functions of glial cells will provide us with exciting insights into non-cell-autonomous 
mechanisms underlying pathological pain and other neurodegenerative diseases and 
clues to develop new therapeutic strategies. 
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