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Abstract Itch, or pruritus, is an unpleasant cutaneous sensation that triggers scratching behaviors. Much

progress has been made in understanding the molecular and cellular mechanisms of itch at the spinal level.
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However, how itch information is transmitted to the brain and what central circuits underlie the itch-induced
scratching behavior remain largely unknown. We found that the spinoparabrachial pathway was activated during
itch processing, and that optogenetic suppression of this pathway impaired itch-induced scratching behaviors.
Itch-mediating spinal neurons, which express the gastrin-releasing peptide receptor (GRPR), are di-synaptically
connected to parabrachial nucleus (PBN) via glutamatergic spinal projection neurons. In addition, we confirmed
the functional role of PBN in itch processing. We found that the activity of PBN neurons was elevated during itch
processing. At behavioral level, inhibition of the PBN neurons or blockade of synaptic release of glutamatergic
neurons in the PBN suppressed pruritogen-induced scratching behavior and relieved chronic itch, suggesting that
PBN is important for itch processing. In summary, we demonstrated that the spinoparabrachial pathway plays a key
role in transmitting itch signals from the spinal cord to the brain, and identified the PBN as a first central relay for

the itch signal processing. Our study paves the way for further dissection of central circuit mechanisms underlying

itch sensation.
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A,B: effect of optogenetic inhibition of the spino-parabrachial pathway on scratching behavior in response to histamine. A: 36 min scratching behavior.
Each point represents the number of scratching bouts in light on period (yellowed shaded) or light off period. eNpHR3.0 group showed less scratching
behaviors than EGFP group during light on period. B: the total number of scratching bouts during light on or off phase in response to histamine. C:
schematic depicting virus and retrobeads injection as well as recording configuration in spinal slices. D: photostimulation evoked EPSCs in beads’
neurons. Top: representative traces showing EPSCs before (black) and after BNQX (red). Bottom: summary data showing the amplitude of light-evoked
EPSCs. E: calcium transients associated with scratching behavior induced by histamine. Top: the heatmapillustrating calcium signals aligned to the
beginning of scratching trains. Bottom: mean fluorescent signal of mice injected with AAV-hSyn-GCaMP6s (red) or AAV-hSyn-EGFP (blue) in the PBN
in response to histamine. F: expression of hM4Di-mCitrine or EGFP in the PBN. G: effect of pharmacogenetic inhibition of the PBN on the scratching
behavior. Top: timeline of the behavioral experiment. Bottom: scratching behavior in response to histamine or chloroquine.
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Fig.1 Functional role of spino-parabrachial pathway in itch processing (modified from reference [29])
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Itch-mediating spinal neurons, which express the gastrin-releasing peptide receptor (GRPR), are disynaptically connected to the parabrachial nucleus

(PBN) via glutamatergic spinal projection neurons (PN).
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Fig.2 Schematic showing a central neural circuit critical for itch signal processing (modified from reference [29])
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