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BACKGROUND

Most immune cells, originated in the bone marrow, develop from hematopoietic stem cells, which
follow one of two major differentiation tracks - myeloid and lymphoid lineages and fully develop
into immune cells by specific molecular cues in the bone marrow. Dendritic cells (DCs), one of the
immune cells in myeloid lineage, are specialized in presenting antigens to naive T cells, and are
commonly divided into cDC1 (CD8a+ DC) and cDC2 (CD11b+ DC) subpopulations based on their lin-
eage, surface phenotype and characteristics. In some studies, DC is further subdivided into mono-
cyte-derived DC, plasmacytoid DC, and inflammatory DC, and recent studies revealed two subpop-
ulations in cDC2 referred to as DC2 and DC3 by single-cell technologies. However, the heterogene-
ity of DC makes their precise classification and elucidation of differentiation pathway complex.
Through unbiased bioinformatics analysis, we assess the whole transcriptomic profiles of myeloid
cells in the bone marrow and systematically identify their functional and phenotypic heterogeneity.

METHODS

Bone marrow cells were collated from three single-cell RNA sequencing studies (Hu et al. 2022, You
et al. 2022, Oetjen et al. 2018). Quality control metrics for each dataset were used as documented,
and processed datasets were integrated using the Seurat R package. Cells were clustered based on
the graph-based clustering approach and visualized in two dimensions by uniform manifold ap-
proximation and projection (UMAP). Pre-ranked enrichment test of the DEGs onto pathway terms
obtained from MsigDBGene Ontology was performed using FGSEA R package. Trajectory analysis
was performed using Monocle R versions 3 based on the gene expression profiles. The regulon
matrix representing the regulatory interactions between transcription factors (TFs) and their
target genes were inferred using the SCENIC R package. Co-expression network analysis of inter-
connected genes in biologically enriched modules was identified using hdWGCNA R package.

RESULTS

A total of 81,867 bone marrow cells were collated and classified into 5 major cell lineages (Figure
1a). Based on the expression of canonical marker genes, we defined them as hematopoietic
stem/progenitor (HSPC) lineage (CD34 high), myeloid lineage (CD33 high), T/NK lineage (CD7
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Trajectory analysis revealed that CDP differentiates into pre-cDC, which expresses HMGB2, a se-
lectively expressed gene in highly proliferative cells undergoing differentiation, and fully diverge
into cDCs (Figure 3a, 3b, 3c). Through gene regulatory network analysis, the cell states of each
subpopulation were identified based on key regulon activity (Figure 3d). After entering the inter-
mediate state of cDC (cDC_gr0), which has relatively weak regulon activity and gene expression,
cells fully diverge into 3 groups of ¢cDCs - cDC_gr1, cDC_gr2, cDC_gr3. cDC_gr1 and cDC_gr2,
sharing similar activity of regulons required for cDC2 development such as IRF2 and CEBPB, are
divided by the expression of genes such as ST00A8, ST00A9, VCAN, and FCN1 (Figure 3e). In con-
trast, cDC_gr3 shows strong activity of IRF1, the key driver gene for the function of cDC1.
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Figure 3. Specification of the dendritic-lineage cell development a. UMAP visualization of subpoluations in dendritic-
lineage cells. b. Differentiation trajectories of dendritic-lineage cells colored in pseudotime. ¢. Gene expression of top 5 up-
requlated cell type-specific markers. d. Heatmap of the regulon activity for cDC subpopulations inferred by SCENIC.

e. Volcano plot showing the fold change of DEGs in cDC_gr1 compared to cDC_gr2.

high), B cell Lineage (CD19 high), and erythroid/megakaryocyte (EM) lineage (GATA1 high) (Fig-
ure 1b). Identified HSPC were re-clustered into subpopulations, and trajectory analysis showed
that HSCs primarily diverege into two developmental branches - myeloid fate, lymphoid fate, and co-expression modules showing difference in expression levels between cDC_gr1 and cDC_gr2

LMPP in myeloid fate is divided into EM fate and granulocyte-monocyte fate (Figure 1c). (Figure 4b, 4c). cDC_gr1 shows higher expression of module Brown and Black, which is charac-
cos4 . C terized by ATP synthesis and cellular junctions. cDC_gr2 shows higher expression of module
! g Blue and Yellow, characterized by T cell differentiation and MHC protein assembly.

To further delineate the biological distinction of the cDC2 subpopulations, we analyzed gene
co-expression network analysis of dendritic-lineage cells (Figure 4a). As a result, we found 4

d yellow - ® b GO_Biological_Process_2021
brown - ® Regulation of CD4-positive, alpha—-beta T cell differentiation -

red - Peptide antigen assembly with MHC protein complex -
salmon A Regulation of T-helper cell differentiation -

{T/NK_lineagey’ B_’ga{q : RN :;f. ‘,:g@/*' ,» dreenyellow - Energy coupled proton transport, down electrochemical gradient -
HSPC | : 1 - N S i : -. ; ..

tan - Mitochondrial ATP synthesis coupled proton transport -
green - ATP synthesis coupled proton transport -
magepta- Regulation of actin polymerization or depolymerization -
pink - Positive regulation of phosphoprotein phosphatase activity -

o Ry Y blue 1 Cellular r nse to X—r
Myeloid_lineage | | \ I B Ot S i purple - _ clivfar response to A -ray -
] & ] G O black - Negative regulation of hormone secretion -

turquoise - Regulation of epidermis development -
0 10 - - - A P Regulation of cell adhesion molecule production -

U MAP_1 _ U;VIAP_1 | - U;\/IAP_11‘O

Figure 1. Transcriptomic landscape of human bone marrow cells. a. UMAP visualization of main lineages in bone marrow
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into subpopulations (Figure 2a). We collated 15,437 cells in the developing myeloid system, and AR e
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structures (Figure 2d, 2e). DEGs up-regulated in MDP were highly associated with the biosynthe- b. ;%giﬁ'gg\?\}ifﬁﬂ?;ﬁgstﬂ;%'?g?}Jr]'frgﬁ]”oedsufgroz‘gRﬂetgt?v?tj'g”'f'ca”t'y enriched biological pathways. ¢. Network of hub genes
sis of amide and peptide molecules, as MDP suppresses T cell responses through the production '

of nitrogen monoxide. DEGs up-regulated in CDP showed enrichment with microtubule and cyto-

skeleton organization, revealing a process of dendritic spine morphogenesis.
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| MDP - We provided a high-resolution transcriptome map of bone marrow myeloid cells and deciphered
= P ' the major changes in transcriptional profiles on myeloid divergence. Our results suggest that the
o ] myeloid-biased differentiation initiates from the stage of LMPP, and further diverge into DC and
monocyte in the stage of MDP. Moreover, we identified different regulatory activities of IRF1 and
IRF2 between cDC subpopulations, and observed biological alterations in cDC2 represented as en-
richment with cellular adhesion or T cell differentiation pathways. These findings will further pro-

vide insights into understanding the heterogeneity of myeloid DC populations at transcript level.
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Figure 2. Sub-clustering and Integration of HSPC and Myeloid lineage cells. a. UMAP visualization of clusters in HSPC c O C

and myeloid-lineage cells. HSC hematopoietic stem cell; MPP multipotential progenitor; CMP common myeloid progenitor;
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