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The human placenta is a temporary, yet essential and greatly versatile organ, playing a vital role in the progression 
of an uncomplicated pregnancy. It performs these functions through its highly specialized microarchitecture and a 
unique, placenta-specific set of cells. 
Our project focuses on two of its special cell types that are closely located anatomically and interconnected 
functionally: Hofbauer cells (HBCs; fetal derived placental macrophages) and trophoblasts (TBs; fetal derived 
placental epithelial cells). However, many characteristics of these cell types and their interactions remain 
undiscovered, primarily due to methodological limitations.
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Hofbauer cell (HBC) fact sheet

Their global gene expression profile and 
gene expression regulation have not 

been previously characterized.
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HBCs are self-renewing 
cells derived from 

placental erythromyeloid 
precursors throughout 

pregnancy in 
uncomplicated settings.

While first-
trimester HBCs 

lack HLA-DR 
expression, third-
trimester HBCs 
exhibit variable 

HLA-DR 
expression.

HBCs are readily and 
widely available 
primary human 
macrophages.

HBCs are placental 
macrophages of fetal 

origin found in the 
villous stroma of the 
placenta throughout 

pregnancy.

Chorionic villus structure

HBC isolates were obtained from placentas meeting clinical inclusion and exclusion criteria.

To improve our understanding of the global gene expression, gene expression regulation and functionality of term 
human HBCs we have carried out:
● bulk RNA sequencing – for assessing gene expression
● gene ontolology analysis – in order to establish functional implications
● ATAC sequencing analysis – for assessing chromatin openness
● de novo motif enrichment analysis – for assessing trancription factor binding sites
 

RNA-seq datas were compared to similar datasets of various fetal and adult tissue resident macrophages and cord 
blood monocytes of healthy donors. ATAC-seq datas were compared to Monocyte Derived Macrophage (MDM) and 
Alveolar Macrophage (AM) datasets.

CGene expression analysis of HBCs
HBC dominant gene expression 
cluster (C1)
SEPP1, SAT1, F13A1, PLTP,  
CSF1R, C1QA, C1QC, CD36, 
CXCL2, CXCL3, FOLR2, VSIG4, 
HIF1A, H19, IGF2, SIGLEC1

HBC enriched gene expression 
clusters (C2-C5)
CXCL8, IL1B, CD163, CD14, 
CALR, TGBF1, FN1, CCL4, CCL3 

Cell type-specific 
expression pattern

Expression of macrophage-specific TF-coding genes (top 30) 
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(A) The multidimensional scaling plot represents the Euclidean distances between the gene expression patterns of the 8 cell 
types indicated and also between their replicates. (B) The heat map shows the average normalized gene expression of the top 30 

macrophage-specific TF-coding genes and the CSF1R gene in the 8 cell types. (C) The row-normalized, clustered heat map 
represents the cell subtype-specific (p≤0.05; FD≥2) average of the normalized gene expression patterns and also the non-

differentially expressed genes between them. (D) The heat map represents the average normalized expression of the top 20 HBC-
specific marker genes. (E) Bubble plot shows the expression levels (FPKM) of M1 macrophage marker genes (red, left panel) and 

M2 macrophage marker genes (orange, right panel) in HBCs. (F) Scatter plots showing normalized gene expression values 
(FPKM) for HBC marker genes.
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(G) The heat map represents the significance of the genes (in rank order) of the 6 highlighted sensing and effector functions in 
the different MF subtypes. Genes with an expression higher than 0.5 FPKM (after normalization) in any cell type were considered. 
(H) The row-normalized heat map depicts the gene expression of the nuclear receptor superfamily members in the different MF 

subtypes. (I) The heat map shows the normalized expression of glucocorticoid responsive genes with nearby GR binding sites. (J) 
Scatter plots showing normalized gene expression values (FPKM) for NR4A, PPAR, and RXR family members and (K) CD36 in 

sequenced HBC samples. 

ATAC-seq analysis of HBCs
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(L) The row-normalized, clustered heat map represents the coverage values of those differentially (C1-C6) 
and non-differentially accessible chromatin regions (C7).

The de novo motif hits of the HBC -specific (M) promoter (n=647)(N) and the top 1000 enhancer regions.
The heat maps represent the average normalized gene expression of the members of the (O) RFX family 

and the (P) nuclear receptor superfamily.
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(Q) The proportional Venn 
diagram represents the 

overlap between the NR4A 
and RFX target genes that 
display significantly higher 
expression and where NR4A 
and RFX motifs are located 

within more accessible 
chromatin regions in HBCs.
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(R) SREBP-like motif enriched in promoters of genes that are upregulated 
and have more increased promoter accessibility in HBCs. Gene expression 

of the SREBP1 and SREBP2 genes in HBCs, MDMs, and AMs. 

Assessing the heterogeneity of HBCs
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(S) The percentage of HBCs (n=5) for the expression of the investigated 14 markers in relation to the living singlets. (T) Comparative heatmap (table’s minimum setting in Cytobank) of mass cytometry data 
(arcsinh-transformed median intensity values; shown on the color scale) regarding marker expression intensity values of the FlowSOM metaclusters.

In Vitro Approach to study HBC and TB interactions

The biological relevance of animal models is limited by the inter-
species differences regarding the placental structure and 
gestational physiology.
Co-culture experiments with HBCs and TBs can provide a novel 
approach to model intercellular communication.  
Output data is consists of: 
● transepithelial electrical resistance (TEER) measurements – 

to monitor barrier integrity of cellular monolayers 
● bulk-RNA sequencing – to compare the gene expression of 

cells in monocultures and transwell co-culture  
● measurement of cytokine, hormone production and other 

signaling molecules – to characterize communication
Fetal side

Maternal side

1. Seeded ~96k TB on transwell (12-well, 0.4um pore) coated with 2% Matrigel  (Day 0)
2. 30uL droplet containing ~40k HB seeded on bottom of transwell – 2hr incubation (Day 4)
3. Treatment added & experiment continued for 3 days, cells imaged, and media exchanged 

every day (Day 5)
4. Collected apical and basolateral media separately for Luminex (Day 7) 
5.  Cells washed and collected in TRIzol for RNA seq (Day 7) 

(U) Multidimensional scaling (MDS) plot of transcriptome profiles across trophoblast and 
Hofbauer cell cultures.

(V) Volcano plot showing differential gene expression in trophoblasts co-cultured with Hofbauer 
cells, with or without Poly I:C stimulation.
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Luminex analysis of cytokine 
and adhesion molecule 
secretion in (W) apical 

(maternal-facing) and (X) 
basolateral media from 

trophoblast–Hofbauer cell co-
cultures with or without Poly I:C 

stimulation.
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Conclusions

● HBCs represent a transcriptionally distinct macrophage population with a unique chromatin landscape enriched for RFX and NR4A transcription 
factor motifs.

● HBCs display an uncomitted macrophage activation profile, expressing both M1- and M2-associated genes, suggesting context-dependent plasticity 
rather than polarized phenotypes.

● Comparative ATAC-seq and RNA-seq analyses revealed that SREBP-driven lipid metabolism and nuclear receptor signaling contribute to HBC-specific 
immune and metabolic functions. 

● Establishing an in vitro co-culture model of human trophoblasts and HBCs enables physiologically relevant study of fetal–maternal cell 
communication. 

● Poly I:C stimulation of the co-culture induces robust antiviral and interferon-responsive transcriptional programs in trophoblasts, alongside selective 
cytokine and adhesion molecule secretion detectable in both apical and basolateral media. 

● Our approach demonstrates that HBC–trophoblast interactions modulate trophoblast immune function and barrier properties during antiviral 
challenge.

● The combined transcriptomic, chromatin accessibility, and Luminex data provide a comprehensive molecular framework for understanding how 
HBCs and trophoblasts jointly shape placental immunity and homeostasis.

● Further methodogical refinements are needed as important limitations have risen.
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