
A b s t r a c t
Special microenvironments known as niches are essential for 

the maintenance of hematopoietic stem cells (HSCs) and lym-
pho-hematopoiesis within bone marrow. We found that CAR cells 
are the major producer of CXCL12 and SCF and the major cellular 
components of niches for HSCs and immune cells, that CAR cells 
are mesenchymal stem cells, which give rise to adipocytes and 
osteoblasts, and that the transcription factors, Foxc1 and Ebf3 are 
preferentially expressed in CAR cells and play a critical role in the 
formation and maintenance of niches for HSCs and immune cells, 
inhibiting differentiation of CAR cells into adipocytes and osteo-
blasts, respectively. Furthermore, we found that CAR cells require 
the transcription factors Runx1 or Runx2 to prevent their fibrotic 
conversion and maintain HSCs and hematopoiesis in adults. Re-
cently, we identified the human counterpart of CAR cells, enabling 
the evaluation of their alterations in various hematological disorders 
by flow cytometric and histological analyses.

 ▍ Background & Results

Special microenvironments known as niches are essential for the 
maintenance of hematopoietic stem cells (HSCs), which give rise 
to all blood cells, within bone marrow. We identified a population of 
fibroblastic reticular cells expressing CXCL12 at high levels, termed 
CXCL12-abundant reticular (CAR) cells within murine bone marrow 
and found that CAR cells are the major producer of CXCL12 and SCF, 
and the major cellular components of niches for HSCs and immune 
cells. In addition, we determined the nature of CAR cells, showing 
that CAR cells are mesenchymal stem cells, which give rise to adipo-
cytes and osteoblasts and that transcription factors, Foxc1 and Ebf3 
are preferentially expressed in CAR cells and play a critical role in 
the formation and maintenance of niches for HSCs and immune cells, 
inhibiting differentiation of CAR cells into adipocytes and osteoblasts, 
respectively. Recently, we found that CAR cells require the transcrip-
tion factors Runx1 or Runx2 to prevent their fibrotic conversion and 
maintain HSCs and hematopoiesis in adults. Here, we showed the 
presence of cells expressing much higher CXCL12 than other cells 
in human adult bone marrow. CXCL12hi cells express the receptor 
of leptin (LepR) and most CXCL12hi cells or LepR+ cells expressed 
high levels of SCF, FOXC1, and EBF3 and contained cells, which had 
the potential to differentiate into adipocytes and osteoblasts. Histo-
logically, the nuclei of CXCL12hi cells were identified and quantified 
by EBF3 expression in fixed marrow sections. CXCL12hi cells sorted 
from residual bone marrow aspirates of chronic myeloid leukemia pa-
tients expressed reduced levels of CXCL12, SCF, FOXC1, and EBF3 
in correlation with increased leukemic burden. Together, the human 
counterpart of CAR cells are major components of non-hematopoietic 
and non-endothelial cells in the bone marrow in humans.

 ▍ Significance of the research and Future perspective

We identified the human counterpart of CAR cells, enabling the 
evaluation of their alterations in various hematological disorders by 
flow cytometric and histological analyses. For clinical application, 
our results raise the possibility that activators and/or inhibitors of 
CAR cell functions might be applied to novel non-cell-autonomous 
therapies targeting the niches for HSCs and immune cells in hema-
tological disorders and infection.
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Figure 1. CAR cells are the major cellular component of HSC niches.
Foxc1 and Ebf3 are preferentially expressed in CAR cells and play a critical role in the 
formation and maintenance of niches for HSCs, inhibiting differentiation of CAR cells into 
adipocytes and osteoblasts, respectively. CAR cells require the transcription factors Runx1 or 
Runx2 to prevent their fibrotic conversion and maintain HSCs and hematopoiesis in adults.

Figure 3. Human CAR cells can be observed in fixed marrow sections.
Histologically, the nuclei of CXCL12hi cells were identified and quantified by EBF3 expression in 
fixed marrow sections. CAR cells expressing CD271 (green) and EBF3 (red) have long processes. 

Figure 2. CAR cells are present in human bone marrow.
The human counterpart of CAR cells express LepR and are major components of 
non-hematopoietic and non-endothelial cells in the bone marrow in humans.
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