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Skeletal Innervating Neurons

• Majority of bone-innervating sensory fibers 
are unmyelinated, CGRP + /TrkA + 
peptidergic C-fibers (red)

• NGF binds to tropomyosin-receptor-kinase 
A (TrkA) on sensory nerve terminals to 
transmit nociceptive signals 
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Nerve Growth Factor – NGF
TrkA tyrosine kinase receptor type 1

Zhen G, et. al. Bone Res. 2022 Jun 6;10(1):44.
Mantyh, Patrick W. European journal of Neuroscience 39.3 (2014): 508-519.

Pezet, Sophie, and Stephen B. McMahon. Annu. Rev. Neurosci. 29 (2006): 507-538.



Bone is innervated by NGF–responsive TrkA sensory nerve fibers
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Fracture repair requires TrkA signaling 

by skeletal sensory nerves

NGF-TrkA signaling dictates neural ingrowth and 

heterotrophic ossification progression

J Clin Invest. 2019;129(12):5137–5150 Nat Commun 12, 4939 (2021)



Hypothesis

Neuron-to-sarcoma signaling is a positive regulator of 
osteosarcoma disease progression
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An orthotopic model of human osteosarcoma
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Thy1-YFP; Scid mice

143B human osteosarcoma cells 



NGF-TrkA signaling dictates neural ingrowth in 
osteosarcoma
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Pathological nerve sprouting in response to osteosarcoma
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Spatial relationship between nerves and tumor

Pathological nerve sprouting in response to OS

Thy1 NF200



Disruption of TrkA signaling in osteosarcoma

9Chen et al. A chemical-genetic approach to studying neurotrophin signaling. 
Neuron. 2005;46(1):13-21. 
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Disruption of TrkA signaling abrogates OS growth, prolongs 
overall survival 

52%
Neuron. 2005 Apr 7;46(1):13-21

Hazard Ratio=0.045
p<0.0001
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Disruption of TrkA signaling attenuates reinnervation, 
vascularization, proliferation

88%

54%

80%



Single-cell RNA-sequencing identifies shifts in human OS 
cell signaling after denervation
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Sequencing identifies CGRP signaling via peripheral 
neurons as a driver of tumor growth

a b c d



FDA-Approved CGRP Inhibitor Impairs Tumor Growth in OS
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48%



Use of FDA-approved lipid nanoparticles  

• ExparelTM (L-Bup) is a multivesicular liposomal formulation of bupivacaine 
currently approved by the FDA for local administration to provide 
postsurgical analgesia

• ExparelTM has been provided to more than 10 M patients since its approval 
in 2012 for local analgesia 

• L-Bup at a particular dose inhibits neurite growth in addition to its 
analgesic effects
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Maya Kaduri et. al. Sci. Adv. 2021; 7
Ilfeld BM et. al. Anesthesiology. 2021 Feb 1;134(2):283-344. 
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L-Bup treatment negatively regulates tumor growth and 
relieves pain

PBS

L-Bup
60% 30%
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Take-home messages

• Sensory nerve sprouting is a consistent and 

pathological feature of osteosarcoma.

• Disruption of TrkA signaling reduces tumor growth 

and impairs neural ingrowth.

• CGRP acts as a downstream neuropeptide 

mediator, and its inhibition suppresses tumor 

growth.

• Local nerve silencing with liposomal bupivacaine 

(LBup) effectively reduces osteosarcoma growth, 

highlighting a clinically accessible strategy to target 

tumor-innervating nerves.
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NGF-TrkA signaling and innervation within human 
osteosarcoma biology
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Retrograde neuro-tracer to label tumor-infiltrating 
peripheral neurons

4 weeks after AAV- tdT injection into the tumor implants

Thy1 CD90

DRG Dorsal root ganglion

Lumbar level 5 - DRG
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Direct effect of drug on human OS cells
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