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Synaptic remodeling in somatosensory cortex ipsilateral to

injured periphery in chronic pain model mouse
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Background

Chronic pain syndrome is a clinical condition in which an individual endures pain that
persists over several months that cannot be relieved with common painkillers.
Functional magnetic resonance imaging (fMRI) indicates that plastic changes in the
brain likely contribute to chronic pain syndrome. In addition to the functional changes
of neuronal circuits in the spinal cord and anterior cingulate cortex which are known
to contribute to chronic pain syndrome, recent evidences indicate the primary
somatosensory cortex (S1), which receives pain sensation originated from the
contralateral periphery, contributes to chronic pain. To develop successful treatment
strategies for chronic pain, it is important to improve the understanding of S1
contributions to chronic pain at the circuit level. Among the symptoms of chronic pain
syndrome, patients with peripheral nerve injury can suffer from a mirror-image pain
that persists at uninjured sites contralateral to the peripheral nerve injury. In these
patients, the neuronal processing of pain sensation originated from the intact
periphery should also be affected.

Functional MRI signals could occasionally be increased in the S1 bilaterally in
patients of chronic pain. Because fMRI measures hemodynamic responses within the
brain and an increased activity of astrocytes induces the vasodilation of penetrating
arterioles, astrocyte activity might also increase in the ipsilateral S1 (ipsi-S1)
receiving peripheral sensation from uninjured periphery. Together with well accepted
evidences that astrocytes contribute to synapse remodeling, | suspect the activation of
astrocytes and synapse remodelings in the ipsi-S1 could play an important role in
inducing pain at the periphery contralateral to the injury.

Methods

Partial sciatic nerve ligation (PSL), behavior test, and long-term drug application
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Under the anesthesia with isoflurane, or ketamine and xylazine, the right sciatic nerve
of male C57BL/6 mice was exposed and the nerve was lightly ligated with 9-0 suture
(PSL mice). These mice were calibrated in pain behavior by von Frey hairs.

After craniotomy, the long-term drug application was conducted by implanting Elvax
(non-inflammatory drug delivery system, EV40W, DuPont-Mitsui Polychemicals).

in vivo imaging

For imaging of spine motility and spine turnover, the craniotomy (2-3mm in diameter)
was performed on right S1. Spine imagings were performed under two-photon
microscopy. Metamorph (Molecular Devices) and Image J (http://rsbweb.nih.gov/ij/)
were used to analyze the characteristics of individual spines. Spine length was
measured from the dendritic shaft to tip of spines and the motility was calculated as
average absolute llength per 30 minutes. Long term (2 days) spine turnover rate was
calculated by counting the number of generated and eliminated spines.

To obtain Ca?* imaging in the astrocytes and neurons, multicell bolus loading was
performed to load layer 1 inhibitory neurons and astrocytes with Oregon Green
BAPTA1-AM and sulforhodamine 101 to identify the astrocytes. | quantified
fluorescent signals of in vivo two-photon Ca?* imaging in layer 1 inhibitory neurons
and astrocytes.

Results and discussion

| observed the number of spontaneous astrocytic Ca?* surges during a 10 min interval
was significantly increased in the ipsi-S1 following PSL, compared with non-PSL
mice. These activities were decreased by applying TTX to the contra-S1, or MPEP, an
antagonist of metabotropic glutamate receptor type V, to the ipsi-S1. These results
suggest that PSL increased the activity of astrocytes in the ipsi-S1 and these
activations are mediated by the activation of callosal projection and mGIuR5 receptor.
Callosal inputs originating from contralateral layer 5 pyramidal neurons project to
layer 1 inhibitory neurons and then inhibit layer 5 pyramidal neurons. Hence, to

determine whether inhibitory neurons in the ipsi-S1 indeed increase their activity in
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PSL mice, | examined the Ca?* transients of layer 1 inhibitory neurons in ipsi-S1. The
increased Ca?* transients of layer 1 inhibitory neurons were observed at the ipsi-S1.
However, the spine motility of pyramidal neurons remained unchanged, and the
threshold for mechanical stimuli applied to the intact hind paw contralateral to
peripheral injury was unaffected. These data suggest that an increased activity in layer
1 inhibitory neurons in the ipsi-S1 following PSL likely inhibits layer 5 pyramidal
neurons.

Interestingly, chronic application of the SR95531, a GABAA receptor antagonist, to
the ipsi-S1 of PSL mice increased the turnover rate and motility of dendritic spines in
the ipsi-S1, and decreased the threshold to mechanical stimuli in the intact hind paw
contralateral to the PSL. These results suggest that the synergic activation of
astrocytes and excitatory circuits (or the neuronal activity of pyramidal neuron itself)
facilitated synapse destabilization and spine remodeling in layer 5 pyramidal neurons.
Change of neuronal circuits in ipsi-S1 likely induced a mirror-image pain in the intact
hind paw contralateral to the PSL.

Conclusion

Neural circuit remodeling is an underlying mechanism for long-term changes in brain
functions. Synaptic changes in the ipsi-S1 induced additional impairment; thus, an
impairment of excitation-inhibition balance in the ipsi-S1 could be an underlying
mechanism for mirror-image pain. These findings may offer a new treatment strategy

for chronic pain symptoms, particularly mirror image allodynia.
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