Integrating single-cell transcriptomics with orthogonal experimental
approaches and datasets to enhance characterization of the
maternal-fetal interface
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Abstract

During early pregnancy, the maternal immune system shapes the uterine environment to facilitate the
implantation and development of an antigenically foreign fetus. Critical to orchestrating this process are
unique cell populations within the uterine lining (maternal decidua) and the fetal placenta, which
together comprise the maternal-fetal interface. In this study, we sought to comprehensively profile
specific cell types and their respective functions at the maternal-fetal interface at single-cell resolution,
through analytical approaches combining single-cell RNA-sequencing (scRNA-seq) with other
experimental datasets.

scRNA-seq data derived from early pregnancy (6-13 weeks) decidua, placenta, and maternal peripheral
blood were analyzed in tandem with other sequencing data, flow cytometric data, and publicly available
gene signature and gene expression datasets. We first employed cutting-edge methods to determine
via scRNA-seq the maternal or fetal origin of cell populations in the decidua and placenta, both with and
without incorporation of genotype data. We then evaluated the utility of bulk RNA-sequencing as quality
control for scRNA-seq by analyzing the expression of scRNA-seqg-upregulated genes associated with
dissociation-induced effects in decidual bulk RNA-sequencing data. Our analysis identified a small
number of heat shock protein genes (HSPs) as scRNA-seg-associated technical artifacts. Next, through
paired analyses of scRNA-seq with FACS index sorting and mass cytometry data, we further
characterized novel subpopulations of decidual NK cells, T cells, and mononuclear phagocytes at both
the transcriptome and protein level. Additional comparison of marker genes distinguishing the maternal
mononuclear phagocyte populations with known macrophage gene signatures and with tissue-level
gene expression data from the Human Protein Atlas showed that these cell subsets do not strictly exhibit
classical M1/M2 polarization and express placenta- and endometrium-enriched genes, suggesting their
heavily tissue-specific function. Finally, we curated genes with established links to pregnancy
complications and fertility and used scRNA-seq to study their cell-type specific expression patterns at
the maternal-fetal interface. Our results highlight, among other insights, the specialized role of decidual
stromal cell subsets in mediating insulin-like growth factor (IGF) signaling, an important regulator of
fetal growth. Cumulatively, these analyses have enhanced the potential of scRNA-seq to robustly

unravel novel biology at the maternal-fetal interface.
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