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Better understanding of craniofacial birth
defects opens new roads for regenerative

medicine
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Chromatin accessibility increases during cranial neural crest specification. (A)
Embryos were dissected at E7.5 (TS11d, O somites), E8.25 (TS12a, 3 somites),
E8.5 (TS13, 8 to 12 somites), and E9.5 (TS15, 26 to 28 somites), and both single-
cell ATAC and scRNA-seq were performed on the epiblast and mouse cranial
region using 10X Genomics to assess chromatin structure and gene expression
changes during cranial neural crest formation. (B) Uniform Manifold
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Approximation and Projection for Dimension Reduction (UMAP) plots showing
cell populations obtained from single-cell ATAC and scRNA-seq at each stage.
Population-specific genes included within Dataset S1. (C) E7.5 Neural crest
progenitors (NCCprog, 50 cells) expressing Sox9, Pax7, Pax3, or Msx1 were
identified from cells of the E7.5 anterior ectoderm (AE, 163 cells). (D) Number
of peaks and TSS enrichment in cells of the E7.5 anterior ectoderm compared
with the neural crest progenitors. (E) Peak plot and heat map showing
accessibility over time of differentially accessible peaks in comparing neural
crest-associated populations at E7.5, E8.25, and E8.5 to nonneural crest at
respective stages. All significantly differentially accessible peaks are included in
Dataset S2. (F) Top enriched motifs in differentially accessible peaks of each
neural crest population. Bar plots contain the top five motifs by fold change,
while the motif sequence logo is shown for the top three most significant motifs.
All significantly enriched peaks in the differentially accessible peaks are
included in Dataset S2. The presence of motifs for top factors was analyzed in all
peaks and is included in Dataset S3 (0 mismatches allowed) and in Dataset S4
(one mismatch allowed). (G) Clustering analysis was used to group motifs based
on their accessibility in E7.5 neural crest progenitors, E8.25 premigratory neural
crest, E8.5 premigratory neural crest, and E8.5 migratory neural crest. All
clustering data included within Dataset S9. (H) Coverage plot revealing increased
accessibility of Oct4 locus and regulatory elements in E8.5 neural crest cells.
Credit: Proceedings of the National Academy of Sciences (2023). DOI:
10.1073/pnas.2212578120

Craniofacial birth defects, including cleft lip and palate, are among the
most common human congenital malformations. These craniofacial
anomalies occur because of defects in neural crest cells, whose role is to
give rise to the complex craniofacial region by generating multiple cell
types, including bone, cartilage and the peripheral nervous system.

"Understanding neural crest cell development will allow us to better

comprehend and treat those birth defects," said first author of the work
Rachel A. Keuls, graduate student in the lab of Dr. Ronald J. Parchem at
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Baylor College of Medicine. "In this study, we investigated what made it
possible for neural crest cells to differentiate into a large variety of cell
types during early development, as this could lead to strategies to
generate healthy cells to repair craniofacial defects in human patients."

"We discovered that neural crest cells have the ability to turn into many
different cell types because they have access to multiple developmental
programs," Keuls said.

Using multiple approaches, the team uncovered that the use of many
developmental programs results from chromatin in neural crest cells
being more accessible than expected. Chromatin, a combination of
genetic material and proteins, not only compacts the genome into the
nucleus, but also is used by cells to control how the genome is
interpreted to make different cell types.

"Bone cells emerge, for example, when chromatin opens giving access to
genes that enable the cells to look like and conduct the functions of bone
cells, while compact chromatin keeps other developmental programs
leading to other cell types inaccessible," Keuls said.

"The transient state in which chromatin is much more accessible enables
neural crest cells to activate many genetic programs, which leads to the
generation of multiple cell types required to develop the craniofacial
region," said Parchem, assistant professor of molecular and cellular
biology and the Stem Cells and Regenerative Medicine Center at Baylor.
He also is the corresponding author of the work.

The researchers then investigated what mediated the increased
accessibility to chromatin in neural crest cells.

Previous evidence had shown that a class of small genetic material
known as microRNAs can change cellular identity. "We discovered that
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changes in chromatin accessibility in neural crest cells are regulated by
the miR-302 microRNA family, which is highly expressed in cranial
neural crest cells," Keuls said.

Loss of miR-302 leads to reduced chromatin accessibility and a
reduction in peripheral neuron differentiation. Mechanistically, the team
found that miR-302 mediates the repression of multiple genes involved
in chromatin condensation to promote accessibility required for cell
differentiation.

"Based on our findings, we hypothesize that disruption of the miR-302
regulatory axis may underlie some human craniofacial and neurological
disorders," Parchem said. "From a basic science point of view, we would
like to understand how this microRNA has this remarkable ability to
alter developmental potential and chromatin accessibility. This is
applicable to any field of stem cell biology."

"We also see the possibility of translating our findings into clinical
applications," Keuls said. "The study has revealed that miR-302 is a
powerful tool to modify stem cells to increase their ability to become a
variety of cell types. We can potentially apply this ability to regenerate
cells of the craniofacial region."

The paper is published in the journal Proceedings of the National
Academy of Sciences.

More information: Rachel A. Keuls et al, Post-transcriptional
regulation in cranial neural crest cells expands developmental potential,
Proceedings of the National Academy of Sciences (2023). DOIL:
10.1073/pnas.2212578120
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