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Human lung development begins as an outgrowth of the foregut endoderm at
around 4 post-conceptional weeks (PCW) and continues into toddlerhood. Previous
studies of human airway development have been restricted to the first few weeks
due to technical limitations (see right, A-C). Here, we study the airway tree in the
left and right lungs between 5-12 PCW. What is the statistical, morphological, and
cellular organization of the branching epithelium in early human lung development?
We use whole-mount immunostaining, tissue clearing, and light-sheet microscopy
to acquire 3D image datasets of the airway epithelium. Previous studies of adult
human lungs have resulted in a nomenclature system of bronchopulmonary
segments (D) that provides a reference frame to label our data (E). We have
developed an image processing pipeline to extract a “skeleton” of the branching
tree by anatomical bronchopulmonary branch segments. To elucidate the balance
between stereotypic and stochastic influences on the large-scale architecture of the
human airway, we study the statistical features of the branching network across a |
critical period of branching morphogenesis. These statistical characterizations will |

inform a mathematical model of the large-scale organization of the 3D branching previous studies of human lun development _ Wells and

network, which will be used to develop insights and predictions in the processes Boyden, 1954 Am_J of An% B. Nikolic et al., 2018
that regulate ductal branching, elongation, orientation, arrest and termination that ggl“gl;(t){)cmec:}tM%dfgglll Isllﬁtsta:-lat%%go-JR%fssu?-gEoPy 'gl;gtgr%tt%r
can be tested against data. Nomenclature mapped to our dataset EH3685-Left.
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Image Processing Pipeline - From Image to Branchwise Skeleton
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Duct length distribution reveals a "typical duct length" around show an early phase of dichotomous branching with no bronch_opulmonary segment). We will next incorporate correlated
100um and an exponential-like decay in long duct distribution. termination followed by a phase of terminations. branching angles.

Lung Datasets

The following shows surface reconstruction of the airway colored by bronchopulmonary segments according to
the system established by Nomina Anatomica in 1955. Right lungs are shown above the timeline, left lungs are
shown below. 16 whole lungs between 5-10PCW are shown. Segmentation and reconstruction past PCW10

remains a challenge. We are currently exploring 3D printing and web-based visualizations for our datasets.
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