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Insight into B5-I spinal interneurons and their role 
in the inhibition of itch and pain
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1. Intoduction 

The last few years have seen major advances in our understand-
ing of spinal microcircuits that integrate somatosensory input, 
resulting in part from availability of mice that allow genetically 
defi ned neuronal populations to be marked or manipulated. 
However, a genetically defi ned population does not necessarily 
correspond to a functional population, and defi ning functional 
populations remains a major challenge. Here we begin to ad-
dress this by focusing on a group of inhibitory interneurons in 
superfi cial dorsal horn. These have been variously identifi ed 
as PrP-GFP,4,9 B5-I,6,7 or Dyn-cre2 neurons. However, it now 
appears that they represent largely overlapping populations 
stemming from a common lineage. Here, we summarize what 
is known about these neurons, and consider their roles in the 
inhibition of itch and pain.

2. Neurochemistry and development

The transcription factor Bhlhb5 is required for development of 
~30% the inhibitory neurons in the superfi cial laminae, termed 
B5-I neurons.7 These cells initially express galanin and dynor-
phin, but some subsequently express nNOS, with many of these 
switching off the neuropeptides.6 Cre expression in the Dyn-cre 
mouse2 therefore captures both Gal/Dyn and nNOS populations. 
It has been shown that around half the B5-I cells express GFP in 
the PrP-GFP mouse5 (shown in green in the pie chart). The B5-I 
neurons are distinct from inhibitory interneurons that express 
neuropeptide Y, parvalbumin, or calretinin.6

3. Anatomy and physiology

B5-I cells are irregular in shape with axons and dendrites gener-
ally extending furthest in the rostral-caudal axis.3,4 The 2 subsets 
exhibit anatomical differences, because nNOS cells reside more 
ventrally and have larger axonal and dendritic arbors. Like most 
superfi cial dorsal horn inhibitory neurons, they show tonic fi ring 
upon current injection.4,6

4. Spinal microcircuitry

Several types of primary afferent, including those that express 
TRPM8, MrgD, TRPV1/TRPA1, as well as low threshold my-

elinated afferents innervate B5-I neurons, and they are inhibited 
by several neuromodulators.5 Paired recording studies suggest 
that B5-I neurons inhibit vertical cells and have reciprocal inhib-
itory connections with islet cells.9 In addition, the nNOS subset 
strongly innervates 2 types of lamina I projection neuron: giant 
cells and some of those that express the neurokinin-1 receptor, 
whereas other neurokinin-1 receptor projection neurons receive 
weak innervation.3

4.1. Possible functions
Mice lacking B5-I neurons show spontaneous scratching and 
menthol no longer reduces itch, suggesting that B5-I neurons 
inhibit itch and mediate its suppression by counterstimuli.6,7 

Different pruritogens act through distinct primary afferent and 
spinal pathways, but the degree to which these are itch-specifi c 
remains unclear, as does the logic of spinal projection neu-
rons, which can receive both pruritic and noxious input.1

Athough the cellular basis for inhibition of itch by B5-I neurons 
has not yet been determined, GRPR-expressing interneurons, 
which are essential for some forms of itch,8 are a possible 
candidate. Inhibition of itch is not the only function of B5-I 
neurons, because their ablation in the adult results in allody-
nia, highlighting a role in gating mechanical pain.2 Because 
B5-I neurons comprise 2 neurochemically distinct populations, 
it will be of interest to determine the role of each in inhibition of 
pain and itch.

References
[1] Davidson, S, Giesler, GJ. The multiple pathways for itch and their interactions 

with pain. Trends Neurosci 2010;33:550–8.
[2] Duan B, Cheng L, Bourane S, Britz O, Padilla C, Garcia-Campmany L, Krashes M, 

Knowlton W, Velasquez T, Ren X, Ross SE, Lowell BB, Wang Y, Goulding M, 
Ma Q. Identifi cation of spinal circuits transmitting and gating mechanical pain. 
Cell 2014;159:1417–32.

[3] Ganley RP, Iwagaki N, Rio P, Baseer N, Dickie AC, Boyle KA, Polgár E, 
Watanabe M, Abraira VE, Zimmerman A, Riddell JS, Todd AJ. Inhibitory in-
terneurons that express GFP in the PRP-GFP mouse spinal cord are mor-
phologically heterogeneous, innervated by several classes of primary afferent 
and include lamina I projection neurons among their postsynaptic targets. 
J Neurosci 2015;35:7626–42.

[4] Hantman, AW, van den Pol, AN, Perl, ER. Morphological and physiological 
features of a set of spinal substantia gelatinosa neurons defi ned by green fl u-
orescent protein expression. J Neurosci 2004;24:836–42.

[5] Iwagaki, N, Garzillo, F, Polgar, E, Riddell, JS, Todd, AJ. Neurochemical charac-
terisation of lamina II inhibitory interneurons that express GFP in the PrP-GFP 
mouse. Mol Pain 2013;9:56.

[6] Kardon AP, Polgar E, Hachisuka J, Snyder LM, Cameron D, Savage S, Cai X, 
Karnup S, Fan CR, Hemenway GM, Bernard CS, Schwartz ES, Nagase H, 
Schwarzer C, Watanabe M, Furuta T, Kaneko T, Koerber HR, Todd AJ, Ross 
SE. Dynorphin acts as a neuromodulator to inhibit itch in the dorsal horn of the 
spinal cord. Neuron 2014;82:573–86.

[7] Ross SE, Mardinly AR, McCord AE, Zurawski J, Cohen S, Jung C, Hu L, 
Mok SI, Shah A, Savner EM, Tolias C, Corfas R, Chen S, Inquimbert P, Xu Y, 
McInnes RR, Rice FL, Corfas G, Ma Q, Woolf CJ, Greenberg ME. Loss of 
inhibitory interneurons in the dorsal spinal cord and elevated itch in Bhlhb5 
mutant mice. Neuron 2010;65:886–98.

[8] Sun YG, Zhao ZQ, Meng XL, Yin J, Liu XY, Chen ZF. Cellular basis of itch 
sensation. Science 2009;325:1531–4.

[9] Zheng, J, Lu, Y, Perl, ER. Inhibitory neurones of the spinal substantia gelatinosa 
mediate interaction of signals from primary afferents. J Physiol 2010;588(pt 12):
2065–75.

The authors have no confl icts of interest to declare.

The work was supported by NIH grants R01 AR063772 and R21 AR064445 to 
S. E. Ross grants from the Wellcome Trust (102,645), BBSRC (BB/J001082/1), 
and MRC (MR/L003430/1) to A. J. Todd.
aDepartment of Neurobiology bPittsburgh Center for Pain Research, University 
of Pittsburgh cMedical Scientist Training Program, University of Pittsburgh 
dInstitute of Neuroscience and Psychology, College of Medical, Veterinary and 
Life Sciences, University of Glasgow, Glasgow, United Kingdom eDepartment of 
Anesthesiology, University of Pittsburgh, Pittsburgh, PA, USA

*Corresponding author. Address: University of Pittsburgh, Pittsburgh, PA, USA. 
E-mail address: saross@pitt.edu (S. E. Ross).

http://dx.doi.org/10.1097/j.pain.0000000000000474

Copyright � 2016 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.



March 2016 • Volume 157 • Number 3 www.painjournalonline.com 545

Insight into B5-I spinal interneurons and their role in the inhibition of itch and pain. MC Chiang et al.  • 157 (2016) 544–
545  © 2016 International Association for the Study of Pain (IASP). Permission for Use: For clinical, educational, or research purposes, 
reuse of this image is permitted for free with appropriate attribution to this article as the original source. For reproduction of the 
image for any commercial use, permission is needed from the Publisher. A high resolution copy of this image can be found online as 
Supplemental Digital Content at http://links.lww.com/PAIN/A236.

Copyright � 2016 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.


