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Abstract

This article analyzes placental gene expression dynamics during pregnancy. 9 expression
dynamics clusters were grouped into 4 “mirrored” groups. Functional analysis revealed that genes
in these groups partake in immune, metabolic, structural, and developmental processes, offering
insight into coordinated function of genes in placenta.
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Introduction. Placenta is a temporary organ that forms as a part of embryo-
placenta-mother system during pregnancy, mainly functioning as a barrier and
facilitator of nutrient, oxygen, CO,, and waste product exchange [1]. Gene expression
dynamics, which control the proper development of the human placenta and thus
severely impact the health of both the baby and the mother throughout and after
pregnancy, are poorly studied. Most studies focus on comparison of two time points or
term placenta [2]. Proper understanding of gene expression changes in placenta in
healthy individuals is crucial for studying points of failure that result in pathology.

The aim of this study was to identify variants of gene expression dynamics by
clustering genes with similar continuous changes in expression, analyze the
interactions between these variants and investigate what biological processes are
impacted by their simultaneous action.

Materials and methods. Placental gene expression data in healthy individuals,
extracted from Gene Expression Omnibus database [3] from series GSE9984 [4],
GSE22490 [5], GSE122214 [6], GSE6573 [7], GSE73374 [8], GSE73685 [9],
GSE35574 [10], and GSE37901 [11] was normalized and combined into time series
with 4 time points, from which differentially expressed genes were selected and
clustered using the DPGP method [12], which jointly models cluster number via a
Dirichlet process and temporal dependencies with Gaussian processes. Based on the
similarity of gene expression dynamics curves (qualitatively similar and “mirrored”
along the vertical axis), the clusters were combined into Groups. List of genes that
belonged to each Group were then used to perform over-representation analysis (ORA)
using Gene Ontology terms of “Biological process” aspect [13].

Cytoscape environment [14] and stringApp [15] were used to build protein-
protein interaction (PPI) networks of gene expression products for each Group. Nodes,
which represent individual genes, were colored according to their gene expression
dynamics. Functional clusters obtained from treeplot graphs, built in R environment
using enrichplot package [16], were used to color inner portion of nodes based on
which functional cluster they belong to.

Results and discussion. According to the described algorithm, a list of 369
differentially expressed genes was identified. Based on this list, 9 clusters were
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obtained, each containing genes with similar expression dynamics across gestation. It
was found that each cluster had a “mirror pair” (Fig. 1.) — a different cluster, dynamics
of gene expression in which were essentially reversed compared to the former. The
exception was Cluster 2, which had two “mirror” clusters (6 and 8). 4 groups of clusters
were identified (Group I-IV).
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Fig. 1. Four groups of clusters were identified (Group I-1V), which had clusters with gene
expression dynamics “mirrored” to each other. An imaginary mirror is shown in the middle of
the figure for better understanding of the relationship between the graphs.

The genes which belong to clusters of one Group were combined to form 4 gene
lists respectively and analyzed together to investigate the effects of concurrent
upregulation and downregulation of genes with “mirrored” expression dynamics in
human placenta during pregnancy.

Enriched pathways in Group I, according to the results of ORA, refer to such
processes as immune response, cellular defense against chemical agents, such as metal
ions, maintenance of physiological stability and barrier functions, tissue organization,
tissue and organ development, hormone metabolism and endocrine regulation. Group
I contained Clusters 1 and 9, which represent genes whose expression levels severely
changes from first to second trimester and remains stable thereafter.

Enriched pathways in Group II referred to: cytokine, chemokine, and lipid
responses, innate immune recognition of microbial components, immune defense
mechanisms against pathogens, indicating a role in cell signaling and inflammatory
stimuli recognition; chemotaxis and leukocyte migration and broader processes of
coordination and regulation of adaptive immunity. Group II contained Clusters 2, 6 and
8 — genes, expression of which sharply changes from first to second trimester,
drastically rebounding afterwards — rising or falling respectively by preterm.

Group III was enriched in biological pathways that referred to hormone
regulation, lipoprotein, triglyceride and steroid metabolism, lipid localization and
cholesterol transport, vesicle-mediated transport and phagocytosis regulation, as well
as general reproductive and multicellular organismal processes. Group Il contained
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Clusters 3 and 7, in which the expression of genes either slowly rises or decreases
throughout pregnancy.

Group IV was enriched in biological pathways that referred to development and
morphogenesis of the heart and its valves, mesenchymal transformations and tissue
development events, regulatory mechanisms acting at the systemic and organismal
levels, as well as intracellular signaling pathways, cellular mobility and proliferation,
including immune signaling and movement. Group IV contained Clusters 4 and 5,
which represented genes whose expression only moderately changed from first
trimester to second, but drastically increased or decreased by preterm.

PPI networks of gene expression products for each Group shows a high count of
interactions between proteins coded by genes, whose expression changes in opposite
ways for Groups I-III (Fig. 2. a, b, ¢). In Groups II and IV (Fig. 2. b, d) there is a high
ratio of genes with one type of dynamics and their “mirrored” counterparts. Only in
Group IV it was found that genes with one type of expression dynamics (red nodes)
were not central to the network and were found mostly on the outside. Separate PPI
networks (figures not shown) which combined this dynamics classification with
functional clusters obtained from treeplot showed that genes, expression of which is
moving in opposite directions, were partaking in the enrichment of the same and related
GO terms.
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Fig. 2. PPI networks for products of gene expression for Groups I (a), I (b), III (¢) and IV (d).
Red nodes represent genes from Clusters 1, 2, 3, and 4, while blue nodes represent genes from
their “mirror” counterparts — Clusters 9, 8 and 6, 7, and 5.
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Conclusions. The defined variants of gene expression dynamics, which are
represented by 9 clusters, function simultaneously during physiological development
of the human placenta. Surprisingly, these obtained clusters can be grouped into 4
distinct groups of “mirrored” types of gene expression dynamics, meaning that any
positive change in the gene expression in one cluster coincides with negative change
in gene expression in the mirrored cluster and vice versa. This, together with the results
of ORA and obtained PPI networks, allows to suggest can be said that genes in the
obtained groups synergistically and antagonistically partake in processes such as
immune system regulation, maintenance of physiological stability, cellular defense
against toxins and pathogens, dynamic immune signaling, regulation of metabolism
and reproductive processes, developmental and structural mechanisms. These
generalizing interpretations of time series gene expression data, along with obtained
individual gene expression dynamics, may provide a framework to study systematic
changes in the human placenta during pregnancy from both a high-level (e.g. impacted
biological functions) and a low-level (e.g. specific gene or protein) angle at once.
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