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This research has offered us better understanding of an important developmental process called ™
chorioallantoic fusion”, the evolutionary precursor for mammalian placenta. Many pregnancy diseases
are due to placental defects, of which this project helped us gain a better mechanistic
understanding.

In this project, we investigated the early phase of the formation of
chorioallantoic membrane, which serves as the embryonic lung in avian development and is the
evolutionary origin for mammalian placenta. We narrowed down the timing of initial fusion to E3.75
to E4, a short window of about six hours. We performed cell biological (through immunofluorescence
and EM analyses), molecular (through RNA-seq and RNA in situ analyses), embryological (through graft

and chimera analyses) and perturbation (through overexpression and CRISPR-based gene
activation/inhibition) experiments. We showed that chorioallantoic fusion involved EMT of both
mesothelial layers. We also showed that the allantoic mesothelial layer EMT is an active process,
whereas chorionic mesothelial layer EMT is passive. We showed that EMT transcription factors were
involved in chorioallantoic membrane fusion EMT and that this EMT could be considered as partial
EMT.
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Mesothelia cells are derived from mesoderm germ layer. They are ssmple squamous
epithelia cells lining the peritoneal, pleural, pericardial and extraembryonic coelomic
cavities. Their physiological function isto secrete lubricants such as glycosaminoglycans
and surfactant to prevent adhesions between the parietal and viscera surface of coelomic
cavities. Mesothelial cellsin the adult are stable epithelia, with their apical side facing the
coelomic cavity and their basal sidefacing either the body wall or visceral organs (parietal
and viscera mesothelia, respectively). Faillure of epithelial maintenance in adult
mesothelia results in mesothelial EMT (epithelial mesenchymal transition), which is
known to be associated with many human diseases (e.g, ovarian cancer, mesothelioma
and peritoneal and pulmonary fibrosis). During embryonic development, however,
mesothelial cells and their precursors can undergo physiological EMT, supplying
mesenchymal cellsto devel oping tissues and organs. One such example of developmental
mesothelial EMT is the CAM (chrioallantoic membrane) fusion, during which two
mesothelial layers come into apical-apical contact and fuse to form the CAM. This
processis evolutionarily conserved among all amniotes (birds, reptiles and mammals). In
birds and reptiles, the fused CAM expands to cover the entire under-surface of the shell
and functions as an embryonic organ for respiration and cal cium absorption. In mammals,
the CAM makes up thefetal portion of chorioallantoic platenta and functions as the major
interface for fetomaternal nutrient/waste exchanges. In mice, failure to initiate CAM
fusion is embryonic lethal.

The purpose of this project is use avian CAM model to study molecular mechanisms
regulating CAM fusion and mesothelial EMT. Specifically, we want to uncover key
molecular drivers of CAM fusion and EMT, induce and inhibit CAM fusion and EMT
through molecular perturbation, and induce mesothelial EM T independent of CAM fusion.
Through these experiments we hope to gain better understanding of human diseases
caused by abnormalitiesin mesothelial EMT and CAM fusion. More specifically, weaim
to 1) characterize molecular drivers of CAM fusion and CAM EMT; 2) establish an ex
vivo model of CAM fusion and CAM EMT; 3) perform cell lineage analysis of chorionic
and alantoic mesothelia cells during CAM fusion and CAM EMT,; 4) modulate CAM
fusion through molecular perturbation and induce mesothelial EM T independent of CAM
fusion.



We use a combination of omics, molecular, embryological and imaging tools for our
studies. will first pinpoint the exact developmenta window of CAM fusion (not
reported). For omics studies, we have obtained the CAGE-based sequencing data, and are
in collaboration with RIKEN Yokohama (Gusev |ab) to integrate our datato the FANTOM
ZENBU interactive website. We will make it public after publication of paper. For
molecular studies, we use CRISPR-based gene activation and inhibition tools and use
antisense probe-based method for doing in situ hybridization method. We also use
chemicals that are known to inhibit signaling pathways to perturb CAM fusion. For
embryological studies, we use in ovo and ex ovo culture and CAM. For ex vivo
experiments, weisolate un-fused allantois and chorion, and perform DNA el ectroporation
to mesothelia cells, and assemble CAM followed by incubation and imaging. For
immunofluorescence studies, we use antibodies specific to known cell biological markers
(including ZO1, E-cad, laminin and vimentin) in CAM tissues (before, during and after
fusion). We also use these CAM tissues for EM studies to have fine detailed structural
understanding of CAM.

In the first year of this project (2018 fiscal year), we have complete major work in
achieving aim 1. We have obtained quality promoterome data (CA GE-based transcription
start site mapping) on genes expressed in different tissues involved in CAM fusion. We
have also mapped temporal progression of CAM fusion to a well-defined 6-12 hour
window (E3.75-E4.25 of chick development). In the second year of this project (2019
fiscal year), we have made progress for aims 2, 3 and 4. More specificaly, we have
uncovered involvement of canonical EMT regulatory gene (SNAI1) and non-canonical
EMT regulatory gene (WT1) during CAM fusion. We have performed gene expression
analysis of those transcription factors. We have also made CRISPR/gRNA mediated gene
activation (CRISPR-a) and inhibition (CRISPR-i) constructs for these two genes and
performed gain- and loss-of function studiesin ex ovo CAM culture. We have optimized
ex vivo CAM fusion methodology. We have performed immunofluorescence studies of
CAM samplesfor EMT marker gene expression and have performed el ectron microscopy
studies of fusing CAM tissues for cell biologica studies. The project is making progress
according to the plan. With molecular and cellular data, we have confirmed that EMT is
indeed involved during CAM fusion. We have obtained a list of enriched genes during
CAM fusion and have data to support the involvement of WNT and FGF signaling
pathways during CAM fusion. One un-expected result is that the allantoic mesothelia
cells and chorionic mesothelial cells have different morphology, behavior during fusion,
and molecular repertoire. This suggests that although both mesothelial layers undergo
EMT during CAM fusion, their molecular regulatory mechanisms are likely different.



mesothelium shows molecular asymmetry along the proximal-distal axis of the fusion
plane during CAM fusion. We aim to sort thisout during thelast fiscal year, and to publish
our work.
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