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INTRODUCTION: Modic type 1 changes (MC1) are vertebral bone marrow (BM) lesions visualized as signal intensity changes on magnetic resonance 

images, which are prevalent (16%) in chronic low back pain (cLBP) patients. BM inflammation was identified as one of the key hallmarks of MC1. 

Dysregulated granulopoiesis, neutrophilic infiltrates, and increased neutrophil activation in MC1 BM suggests a role of neutrophils in inflammatory MC1 
processes. In addition, by bulk RNA sequencing we recently found upregulated monocyte, T-and B-cell signatures in MC1 BM cells, giving indications for 

their contribution to MC1 BM inflammation. However, a comprehensive understanding of the pathologic cellular processes and identification of key cellular 

players that drive these MC1 pathological processes hinders the development of disease-modifying MC1 treatments. Here we performed the first single cell 
RNA sequencing (scRNAseq) analysis of MC1 BM cells with the aim to identify pathomechanistic relevant MC1 cell populations. This study provides grounds 

for future cell type specific pathomechanistic studies and lays the foundation for the development of disease-modifying MC1 treatments.   

METHODS: From cLBP patients with MC1 undergoing spinal fusion surgery (n=4), two BM biopsies were collected with Jamshidi needles using the pedicle 
screw trajectories prior to screw insertion. From every patient, one biopsy was collected from a MC1 lesion, a second one from an intra-patient control vertebral 

body (not affected by MC1). Single cell suspensions were created by enzymatic digestion and gentle flushing. Erythrocytes were lysed, CD45+CD66b+cells 

(neutrophils) were removed by cell sorting, and 10’000 cells were sequenced (10x Genomics). Reads were aligned and a count matrix was created (Cell 
Ranger). Quality was controlled (scater), dimensionality was reduced (principal component analysis, scater), highly variable genes (HVG) were identified 

(scran), clustering was performed (igraph using Leiden algorithm), data was integrated (fastMNN) and clusters were annotated. Cell fractions between MC1 

and control were compared with paired t-tests. Pseudobulk differential expression analysis between MC1 and intra-patient controls was performed (edgeR, 
using patient as secondary factor) and genes were considered to be differentially expressed (DEGs) for p-value <0.05. Overrepresentation analysis (ORA) of 

DEGs was performed with WEB-based GEne SeT AnaLysis Toolkit. Terms were considered significant for false discovery rate (FDR) <0.2. Significant cell 
interactions (p<0.05) were explored with CellChat. To discover whether cell interaction strengths (sum of all significant interaction probabilities) differed 

among MC1 and control (Δ MC1-control), interaction strengths of each cell type were first normalized to overall strengths.   

RESULTS: A total of 69’415 cells (MC1: 37’365; controls: 32’050) were included into the analysis. Seventy-four cell clusters were identified. Based on the 
annotation, clusters were assigned to 14 main cell types: B-cells (non-plasma cells), conventional dendritic cells (cDCs), erythroblasts, innate lymphoid cells 

(ILCs), mast cells, monocytes, myelocytes, natural killer cells (NKCs), osteoclasts, plasmacytoid dendritic cells (pDCs), plasma cells, precursors (including 

hematopoietic stem cells, myeloid, - lymphoid, - erythroid, megakaryocyte progenitors), stromal cells, and T-cells (Figure 1A).  
Cell fractions: Changes in cell type fractions were very heterogenous among patients. pDCs (MC1 relative to control, +55%, p=0.12) had the strongest cell 

fraction increase in MC1 and were the only cell type consistently higher in MC1 in all patients. pDCs can derive from both myeloid and lymphoid lineage. 

Like cDCs, they are key regulators of various immune cells, able to present antigens, and link the innate and adaptive immune system. Some pDC subtypes 
produce massive amounts of type I interferons upon activation. Overall, major fraction increases in MC1 were also observed for NKCs (+27%, p=0.43) and 

T-cells (+23%, p=0.23). Conversely, precursor fractions (erythroblasts:-16%, p=0.23, myelocytes:-16%, p=0.24, progenitors:-17%, p=0.31) and monocytes (-

19%, p=0.19) were reduced. For the remaining cell types including cDCs (+10%, p=0.43), only minor fractions changes were observed.  

Differential expression analysis: Most transcriptomic changes occurred in plasma cells (1’118 DEGs) and cDCs (913 DEGs).  

Cell interaction analysis: Overall, cell interaction strength was higher in MC1 than control, indicating increased intercellular communication. Interaction 

strengths in MC1 were higher in T-cells (+1.9%), NKCs (+1.8%), pDCs (+1.3%), and cDCs (+0.6%), but lower in monocytes (-2.4%) and myelocytes (-2.9%), 
suggesting a communication shift from myeloid innate cells (monocytes, myelocytes) to lymphoid innate (NKCs) and adaptive (T-cells) immune cells in MC1, 

potentially mediated by DCs. A strong cell fraction change, high numbers of DEGs between MC1 and controls, and high cell type specific interactions could 

indicate pathomechanistic relevant cell populations in MC1. Since i) pDCs were strongest (and consistently) increased in fractions, ii) cDCs were among the 
top two cell types with most transcriptomic changes, and iii) intercellular interactions were stronger in both DCs in MC1 than in control, we further explored 

the transcriptome and cell interactions of DCs (Figure 1B). 

DC analysis: ORA of upregulated DEGs revealed that both 
MC1 pDCs and cDCs were involved in T-cell activation 

evident by the top overrepresented biological processes (BPs) 

“adaptive immune response” (FDR=0.00), “interleukin 2 
production” (FDR=0.00), and T-cell activation (FDR=0.00) in 

MC1 pDCs (Figure 1C), and “leukocyte differentiation 

(FDR=0.00) / migration (FDR=0.00), and T-cell activation 
(FDR=0.00) in MC1 cDCs (Figure 1C). Moreover, “response 

to purine-containing compound” (FDR=0.00) was upregulated 

in MC1 pDCs. Pathways analysis further revealed upregulation 

of “interferon type I signaling pathway” (FDR=0.00), a 

pathway associated with pDC activation, in MC1 pDCs. 

Increased T-cell activation in MC1 DCs was also reflected in 
intercellular interactions: Cell interaction strengths in both 

MC1 DCs were overall higher than in controls, which mainly 

resulted from stronger interactions with T-cells (not shown).   

DISCUSSION: With the first single cell RNA seq analysis of MC1 BM cells, we found signs of inflammation and identified DCs as potential central regulators 

orchestrating inflammatory MC1 processes. Reduction of progenitor cells in MC1 BM are evident for inflammation since inflammation shifts hematopoiesis 

away from progenitors towards mature immune cells. Less myelocytes (neutrophil progenitors) could indicate production of mature and activated neutrophils 
(not sequenced), which were reported in MC1 BM. Interestingly, pDCs expand and become activated by neutrophil extracellular traps (NETs), structures 

composed of DNA and proteins, in systemic lupus erythematosus. Since ORA of MC1 pDCs showed a significant response to purine-containing compounds 

(which NETs are), this could indicate a potential expansion and activation mechanism of pDCs in MC1. Furthermore, we found that both DCs subtypes in 
MC1 BM seem to be involved in T-cell activation, which would be explanatory for the increased T-cell fractions in MC1 BM. In summary, we identify DCs 

as potential key players in MC1 supporting the concept of immune system activation in MC1. 

RELEVANCE: We identified DCs as potential key players in MC1 inflammatory processes. This opens the field for pathomechanistic studies and indicates 

that DCs could be potential disease-modifying targets to attenuate BM inflammation in MC1.  
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