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Hypothesis 
We hypothesize that single-cell profiling of the transition zone, from ganglionic to aganglionic regions, will 
enable reconstruction of Hirschsprung’s Disease (HD) progression, with the potential to reveal molecular 
mechanisms underlying disease progression and new biomarkers to advance clinical treatment strategies. 
 
Background 
Hirschsprung disease is a congenital disorder caused by a lack of ganglion cells in the colon, with an incidence 
of 1 in 5000 live births. The diseased bowel is unable to relax, creating a functional obstruction with dilation of 
the unaffected bowel. The area of bowel between the normal and diseased segments represents a transition 
zone whereby ganglion cells are present but in decreased amounts. We built a high-resolution cellular atlas of 
patient-derived HD, relative to healthy bowel, to investigate mechanisms of ganglion cell loss. Through single-
nucleus profiling of the transition zone, from ganglionic to aganglionic regions, we then constructed a map of HD 
disease progression. 
 
Methods 
Healthy donor colon tissue is obtained with several full thickness biopsies from the rectosigmoid of organ 
donors younger than 30 and without a history of bowel disorder. This tissue is used to create a healthy cell 
atlas of the human colon. Diseased tissue is obtained from HD patients at St. 
Louis Children’s Hospital. Full thickness biopsy specimens are taken from the 
resected colon along three areas: the proximal cut edge (containing ganglia), the 
transition zone, and the distal cut edge (without ganglia). Nuclei are isolated and 
sorted using flow cytometry. All specimens are then processed using 10x 
genomics protocols for library construction and subsequent sequencing. Data 
normalization is performed using the Seurat 4.0.1 R toolkit for single cell 
genomics. Cell identity is classified using Capybara, a computational pipeline 
developed in the Morris lab. Further analysis is performed with permutation testing 
and nearest-neighbor imputation to detect cellular differences in disease states.  
 
Results 
We successfully constructed an atlas of normal human colon from control tissue 
using Capybara that recapitulates cell types from known human cell atlases. We then applied these 
annotations to diseased specimens and found consistency in cell types, proving the validity of our annotation. 
We noticed interesting changes in cell types between the control and diseased samples (Figure 1). HD 
samples, predictably, had decreased numbers in neuronal populations, 
namely motor neurons and glia, as you progress distally along the 
diseased bowel. Interestingly, we also observed changes in smooth 
muscle and immune cells in the diseased bowel. Focusing on the 
epithelium, we noticed a decrease in the expression of the SLC family of 
genes, transporter genes and known tumor suppressors involved in the 
development of colon cancer (Figure 2A). Additionally, many of the known 
marker genes for motor neurons showed significantly decreased 
expression along the diseased colon (Figure 2B). 
 
Conclusion 
Current results show a robust cellular atlas of both normal colon tissue and 
HD colon. We further show significant changes in gene expression of key 
cell types, including colonic epithelium, neurons, and glia. We also show an 
interesting presence of increased immune cells in diseased bowel. Further 
study is needed for continued validation of these markers with external 
atlases. Investigation of gene-gene interactions has the potential to 
uncover gene regulatory networks for the development of HD. Finally, 
continued research of cell-cell interactions in diseased tissue may reveal 
connections that influence disease progression.  
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