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INTRODUCTION: Low back pain is the leading cause of global disability and ubiquitously plagues households in the United States. LBP sufferers also 

report higher incidence of anxiety and depression, and are at higher risk of opioid addiction. The over-prescription of opioids for the relief of chronic LBP has 

led to systemic opioid misuse and addiction. However, there are currently no reliable non-opioid treatments for chronic LBP despite decades of research. For 

example, 5-HT3 receptor antagonists (-“setrons”) have been successful in clinical trials for neuropathic pain and fibromyalgia. Yet two clinical trials 

investigating the efficacy of tropisetron for the treatment of LBP had flawed study designs and were therefore inconclusive. The 2004 study demonstrated that 
5 consecutive doses of tropisetron significantly reduced LBP, but did not include a placebo-control group; meanwhile a 2012 study measured outcomes 15-90 

minutes after a single dose, which is much sooner than suggested by the preclinical studies of 5-HTR3A antagonists. These studies and drug delivery paradigms 

were designed off the false assertion that 5-HTR3A was only expressed in spinal cord neurons, not primary afferent nociceptors.  

 In this study, we performed spatial translatomics in the axons of nociceptive dorsal root ganglia neurons to investigate how axon-specific mRNA localization 

and translation may play a role in chronic pain signaling. DRG sensory neurons have a unique pseudounipolar morphology whereby a short axon bifurcates to 
form a central axon, innervating the spinal cord peripheral axon, and a peripheral axon, innervating viscera and joints including intervertebral discs. We 

hypothesize that local axonal translatomes may be responsible for the distinct roles that central and peripheral axons of DRG nociceptors play in chronic pain 

signaling. Our studies yielded important and rigorous data on mRNAs that are preferentially translated in central and peripheral axons and provide new insight 

into pain responses and modulation by the primary afferent somatosensory pathway. Ultimately, my preliminary data support the hypothesis that excitatory, 

ionotropic serotonin receptors (5-HTR3A) expressed in the central axons of DRG nociceptors should be revisited as promising therapeutic targets for low back 
pain if delivered successfully to primary afferent terminals. 

 

METHODS: We performed spatial translatomics in postnatal mice in which NaV1.8-Cre drives expression of a GFP-tagged ribosomal subunit in nociceptors. 

Using Translating Ribosomal Affinity Purification (TRAP), translating mRNAs were isolated from tissue lysates containing lumbar DRGs (soma), dorsal 

roots/spinal cord (central axons), and sciatic nerves (peripheral axons). Purified mRNAs from NaV1.8-expressing cells were sequenced to elucidate subcellular 
translatomes in nociceptors. The purified mRNAs from NaV1.8-expressing cells were analyzed by ultra-low input RNA sequencing to elucidate the subcellular 

translatomes in nociceptive DRGs. Controls consisted of mRNAs prepared in the same way from mice that did not express the GFP-tag. We carried out four 

repeats of these experiments for reproducible findings. Expression and local translation of axon-specific mRNAs of interest were visualized by RNAScope in 

situ hybridization (n=4/target), in situ puromycin-proximity ligation assays (n=4/target), and expansion microscopy (n=3). Bioinformatic binding motif 
analyses elucidated RNA-binding proteins that may be responsible for sorting specific mRNAs to central and peripheral axons.  

 

RESULTS SECTION: These difficult studies identified 224 translating mRNAs in central axons and 302 in peripheral axons with expression significantly 

higher than negative controls. Functional enrichment analyses elucidate that central axons locally translate proteins implicated in nociceptor function/ pain 

processing. Peripheral axons locally translate proteins related to synaptic organization, ion channel complexes, ribosomal assembly, and primary cilia. 
Surprisingly, the locally translated mRNAs often encoded membrane-bound receptors and channels, i.e. the serotonin receptors, voltage-gated sodium 

channels, and the pH-dependent calcium channel, Catsper2 (Table 1). We confirmed significant axon-specific expression and translation using RNAscope in 

situ hybridization and in situ puromycin proximity ligation assays. Interestingly, Htr3a is selectively expressed in CGRP+ nociceptors. Using expansion 

microscopy, we confirmed that HTR3a was expressed within nociceptor central axons in lamina I/II of the lumbar spinal cord (Fig. 1). This is a significant 

finding as it suggests that serotonergic projection neurons can make direct contact with DRGs. Importantly, preliminary data from the Risbud Lab shows that 
mRNAs encoding 7 serotonin receptors and many axonally-translated ion channels in nociceptors, including 5-HT3RA, NaV, KCa, TRP, and ASIC, are altered 

in DRGs from SM/J mice with painful degenerative discs as compared to C57Bl/6 mice (unpublished). Alterations in these mRNAs may lead to changes in 

local translation involved in pain processing.  

 

DISCUSSION: DRG central and peripheral axons locally translate distinct sets of proteins that orchestrate their unique subcellular roles, such as the central 
axon function as dynamic pain processing unit rather than a passive cable.  Considering that HTR3a is the only excitatory, ionotropic 5-HT receptor and global 

HTR3a knock-out mice have reduced chronic pain, HTR3a may be uniquely involved in descending serotonergic modulation of pain at primary central axon 

terminals. These insights suggest that 5-HTR3A should be revisited as a potential therapeutic target for low back pain if targeted successfully. 

 

SIGNIFICANCE/CLINICAL RELEVANCE: The over-prescription of opioids for the relief of chronic low back pain, the leading cause of global disability, 
has led to systemic opioid misuse and addiction. I utilize a multidisciplinary approach to discover new therapeutic targets by investigating novel ion channel 

expression and localization in central and peripheral axons of dorsal root ganglia nociceptors.  

 

 
Figure 1. Pan-expansion 

microscopy demonstrating  
5-HTR3A protein expression in 

central axons of Nav1.8+ DRG 
neurons in lumbar spinal cord 

lamina I/II. (n= 3; scale bar = 
1μm) 

Table 1. Locally translated ion    

channels in DRG central and  
peripheral axons (from TRAP-

Seq dataset). (n=4 sets; ~15  
mice/set).  
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