
Poster Print Size:
This poster template is 45” high by 
45” wide. It can be used to print any 
poster with a 1:1 aspect ratio.

Placeholders:
The various elements included in 
this poster are ones we often see in 
medical, research, and scientific 
posters. Feel free to edit, move,  
add, and delete items, or change 
the layout to suit your needs. 
Always check with your conference 
organizer for specific requirements.

Image Quality:
You can place digital photos or logo 
art in your poster file by selecting 
the Insert, Picture command, or by 
using standard copy & paste. For 
best results, all graphic elements 
should be at least 150-200 pixels 
per inch in their final printed size. 
For instance, a 1600 x 1200 pixel 
photo will usually look fine up to 8“-
10” wide on your printed poster.

To preview the print quality of 
images, select a magnification of 
100% when previewing your poster. 
This will give you a good idea of 
what it will look like in print. If you 
are laying out a large poster and 
using half-scale dimensions, be sure 
to preview your graphics at 200% to 
see them at their final printed size.

Please note that graphics from 
websites (such as the logo on your 
hospital's or university's home page) 
will only be 72dpi and not suitable 
for printing.

[This sidebar area does not print.]

Change Color Theme:
This template is designed to use the 
built-in color themes in the newer 
versions of PowerPoint.

To change the color theme, select 
the Design tab, then select the 
Colors drop-down list.

The default color theme for this 
template is “Office”, so you can 
always return to that after trying 
some of the alternatives.

Printing Your Poster:
Once your poster file is ready, visit 
www.genigraphics.com to order a 
high-quality, affordable poster print. 
Every order receives a free design 
review and we can deliver as fast as 
next business day within the US and 
Canada. 

Genigraphics® has been producing 
output from PowerPoint® longer 
than anyone in the industry; dating 
back to when we helped Microsoft® 
design the PowerPoint® software. 

US and Canada:  1-800-790-4001
Email: info@genigraphics.com

[This sidebar area does not print.]

Trace-n-Seq Unravels Sensory Neuron Control of Heterotopic Ossification 
Manyu Zhu1, Zhao Li1, Meng Shi1, Beicheng Du1, Stanley Chun Ming Wu1, Mingxin Xu1, Sowmya Ramesh1, Masnsen Cherief1, Neelima Thottappillil1, Mary 

Archer1, Benjamin Levi2, Aaron W. James*1

1 Johns Hopkins University, Baltimore, MD, 21205, USA.

2 University of Texas Southwestern, Dallas, TX, USA.

Email of Presenting Author: mzhu45@jh.edu

All animal experiments were conducted under 

approval of the Johns Hopkins IACUC. To identify HO-

innervating sensory neurons, AAV-PHP.S-tdTomato, an 

engineered viral vector with tropism for peripheral 

neurons, was injected into the HO site to achieve 

retrograde labeling of DRG neurons. After 4 weeks of 

labeling, mice underwent burn/tenotomy surgery to 

induce HO. To define dynamic neuronal responses 

during HO progression, labeled DRGs were analyzed 

by scRNA-seq at 0-, 7-, and 21-days post-injury, 

corresponding to key stages of HO progression. 

Sequenced single cell reads were aligned to a mouse 

reference transcriptome (GRCm39-2024-A) using Cell 

Ranger 8.0.1. Output files were analyzed using 

Seurat.V5. 

Methods

scRNA-seq recovered 5,493 neurons enriched for 

CGRP-expressing nociceptive and mechanosensory 

populations. Temporal transcriptomic analysis revealed 

dynamic neuronal responses during HO progression 

related to cell differentiation, angiogenesis and 

immunoregulation. Cell-cell interaction analysis further 

profound early changes in nerve-to-HO signaling 

corresponding to the inflammatory phase. Two 

independent interactome analyses convergently 

identified nerve-derived signaling as targeting HO 

formation, including PTN (Pleiotrophin) and FGF 

(Fibroblast Growth Factor) pathways.

Results

Trauma-induced heterotopic ossification (HO) is a 

debilitating complication of musculoskeletal injury and 

is a condition highly relevant to military medicine, as 

servicemembers are at increased risk of blast-related 

injuries, high-energy extremity trauma, and repetitive 

overuse injuries that can predispose to pathologic 

ossification. Our prior studies demonstrated that 

sensory nerves regulate aberrant osteochondral 

differentiation during HO (Nat.Commun, 2021). 

However, our recent single-cell RNA sequencing 

(scRNA-seq) analyses of dorsal root ganglia (DRGs) 

highlighted the heterogeneity of peripheral sensory 

neurons (Science, 2026). These observations raise 

key unresolved questions: which specific sensory 

neuron populations innervate HO lesions, and how do 

these neurons respond to HO injury to regulate its 

genesis? 

Introduction

Molecular mapping of sensory neurons that innervate 

HO are primarily nociceptive and mechanoreceptive 

nerves. This transcriptomic map implicates key neural-

derived signaling pathways in early tissue injury that 

may be targeted to prevent HO formation. These 

results define a new framework for understanding HO 

pathogenesis and suggest targeting sensory nerve-

derived signaling represents a strategy to reduce HO 

and optimize return to duty.

Discussion

Figure 3. Dynamic neuron-to-tissue communication during heterotopic ossification. (A) 

Integrated UMAP showing major neuronal, mesenchymal, vascular, immune, and other cell 

populations. Arrows indicate inferred signaling from tdTomato-positive (tdT+) tendon-innervating 

neurons to mesenchymal, vascular, and immune receiver populations. (B) CellChat analysis 

showing changes in the number and overall strength of neuron-derived interactions with each 

receiver population at days 0, 7, and 21 after injury. 

Figure 2. Temporal transcriptional programs in Achilles tendon–innervating 

neurons following burn/tenotomy injury.

(A) Gene sets (GSs) in tdT+ neurons were identified by Mfuzz based on their dynamic 

expression patterns at day 0 (D0), day 7 (D7), and day 21 (D21) after injury. 

Upregulated genes were grouped into three gene sets according to their temporal 

expression patterns. Representative genes are indicated beside the heatmap. Line 

plots show the average expression trajectory for each gene set, and top5 Gene 

Ontology terms associated with each set are shown on the right.

Figure 2. Temporal transcriptional programs in Achilles tendon–

innervating neurons following burn/tenotomy injury.

Figure 1. Identification and characterization of tendon-innervating 

sensory neurons during HO 

Figure 1. Identification and characterization of tendon-innervating sensory 

neurons during HO (A) Experimental schematic. Achilles tendon–innervating sensory 

neurons were retrogradely labeled by injection of AAV-PHP.S-tdTomato into the 

Achilles tendon 28 days before burn/tenotomy injury. Dorsal root ganglia (DRGs) were 

harvested at day 0, day 7, and day 21 after injury and processed for single-cell RNA 

sequencing. (B) UMAP visualization of all DRG cells, annotated into major cell 

populations, including neurons, Schwann cells, satellite glial cells (SGCs), fibroblasts, 

endothelial cells, vascular smooth muscle cells (VSMCs), macrophages, neutrophils, 

and T/NK cells. (C) UMAP visualization of neuronal cells classified into sensory 

neuron subtypes based on established transcriptional markers. (D) Distribution of 

neuronal cells from the day 0, day 7, and day 21 time points within the integrated 

neuronal UMAP . (E) Relative frequencies of tdTomato-positive (tdT+) Achilles 

tendon–innervating neurons and tdTomato-negative (tdT−) neurons at each time point. 

(F) Percentage of tdT+ cells within each sensory neuron subtype. The inset shows 

tdTomato expression across the neuronal UMAP. (G) Dot plot comparing the 

expression of neurotrophins, neurotrophin receptors, and neuropeptides between tdT− 

and tdT+ neurons. Dot size represents the percentage of cells expressing each gene, 

and color indicates average expression. (H) Volcano plot showing differentially 

expressed genes between tdT+ and tdT− neurons. Neuronal secreted HO related 

differentially expressed genes are labeled. gray points indicate genes that were not 

significantly differentially expressed.

Figure 3. Dynamic neuron-to-tissue communication during HO

Figure 4. Dynamic cell–cell signaling from Achilles tendon–innervating neurons during 

heterotopic ossification. (A–C) CellChat analysis of signaling pathways from tdTomato-

positive (tdT+) neurons to mesenchymal (A), immune (B), and vascular (C) cells at days 0, 7, 

and 21 after injury. Dot size and color indicate communication probability. (D) Heatmaps 

showing PTN and FGF signaling networks among major cell populations at each time point, 

with sender populations shown in rows and receiver populations in columns. (E) Changes in 

PTN and FGF information flow from tdT+ neurons to immune, vascular, and mesenchymal cells 

over time. (F) Predicted PTN- and FGF-associated ligand–receptor interactions between tdT+ 

neurons and individual receiver populations. Dot color represents communication probability, 

and dot size indicates statistical significance

Figure 4. Dynamic cell–cell signaling from Achilles tendon–innervating neurons 

during HO
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