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At steady state, normal hematopoiesis occurs in highly 
specialized bone marrow (BM) niches that regulate self-
renewal, quiescence and differentiation of hematopoietic 
stem cells (HSCs) to maintain continuous supply of mature 
cells throughout the lifespan (1,2). Ironically, the BM niche 
is also the site for malignant hematopoiesis. Leukemia cells, 
akin to the invasive weed Parthenium hysterophorus that 
destroyed the habitat of native plant & animal species (3), 
are ruthless competitors and destroy the natural habitat 
of normal hematopoietic stem and progenitor cells by 
altering the behavior of supporting cells in the BM niche 
(4-6). Apart from leukemias, defects in hematopoiesis are 
frequently observed in different cancer patients with BM 
metastasis (7,8).

The endothelial cells are an important constituent 
in the BM niche apart from osteoblasts, adipocyte and 
several variants of perivascular stromal cells including the 
Sca1+ and CD146+ mesenchymal stromal cells (MSCs) 
we recently identified (9), nestin+ MSCs (10), leptin 
receptor expressing mesenchymal cells (11), and CXCL12 
abundant reticular (CAR) cells (12,13). The endothelial 
cells secrete stem cell factor (SCF or KITL), CXCL12 and 
other growth factors important to HSC maintenance and 
regeneration (13,14). Studies using Tie2-cre transgene to 
target the BM endothelial cells revealed that the selective 
deletion of SCF or CXCL12 from endothelial cells resulted 
in depletion of primitive HSCs and/or loss of long-term 
repopulating capability (15). Recent studies have made 
significant progress using unique marker combinations 

to differentiate different endothelial cell types and this 
has allowed the determination that the arteriolar and 
sinusoidal vascular cells play opposing roles in supporting 
HSCs. Arterioles are located near the bone and maintain 
HSCs in a quiescent state, whereas sinusoids are found 
throughout the BM compartment and support proliferating 
HSCs (15). Kusumbe et al., using confocal imaging of 
BM microvasculature, showed that a functionally distinct 
population of vessels called H type endothelium (marked 
by high levels of endomucin) is essential for bone and vessel 
growth (16). 

By using two photon imaging, Duarte and colleagues 
tracked acute myeloid leukemia (AML) progression 
in the mice calvarium BM niche. Different transgenic 
reporters were used to help them to track the interaction 
of infiltrating AML cells with other niche constituents 
in the real time as leukemia burden increases (17) 
(Figure 1). Unlike chronic myeloid leukemia (CML) and 
myelodysplastic syndrome (MDS), the leukemia stem cells 
(LSCs) of AML are very heterogenous and aren’t confined 
to CD34+CD38− fraction. Disease modeling has shown 
that even mature granulocyte/monocyte progenitors 
(GMPs) can also produce transplantable AML LSCs 
and results in AML development (18). In this study, the 
authors adopted a well-established MLL-AF9 driven 
murine AML model by transducing myeloid progenitors 
with retrovirus that carried MLL-AF9-GFP transgene 
and generated a transplantable syngeneic AML model. 
The advantage of this model is the ability to leave normal 
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HSC niche unperturbed by myeloablative radiation or 
chemotherapy during transplantation. The secondary  
MLL-AF9 recipient mice developed full blown AML 
around 20–28 days, similar to patients with MLL 
rearranged leukemia.

Using Flk1-GFP (endothelial specific reporter) mice, 
they showed that leukemia development in the mice moved 
the endothelial cells away from the endosteal surface and 
the vasculature were narrower compared to the control 
mice. AML cells bearing mice had higher trans-endothelial 
migration (TEM) of blasts which escaped from blood 
vessels due to increased vascular permeability in AML mice 
compared to the control mice. Similar to AML patients, 
angiogenesis was increased in the AML mice based on 
the increased sprouting from BM endothelial cells (19). 
However, the number of associated blood vessel were only 
significantly reduced in endosteal and metaphyseal regions. 
The vasculature in diaphysis were unchanged in the 
AML mice suggesting heterogeneity in the AML induced 
vascularity remodeling. Additionally, an increase in vessel 
oscillations and turbulent blood flow was observed due to 

intravascular clustering of AML cells that adhere to the 
endothelium and block blood flow within AML Infiltrated 
BM endothelium compared to control mice.

Besides changes to endosteal vasculatures, Duarte and 
colleagues also found dramatic reduction in stoma cells 
numbers in vivo, including the stroma surrounding blood 
vessels and adjacent to the bone compared to control mice. 
Further, there was a progressive decline in the number of 
long-term HSCs (LT-HSCs) and osteoblasts with leukemia 
progression. In AML burdened mice, gene set enrichment 
analysis (GSEA) comparing endosteal and central AML 
cells revealed that an abundance of inflammatory genes 
were enriched in endosteal AML cells. ELISA analysis of 
BM supernatant obtained from different regions of BM also 
demonstrated increased levels of inflammation cytokines 
TNF and CXCL2 in endosteal region, supporting a role 
for CXCL2 and TNF in remodeling of endosteal vessels. 
These results, in line with evidences from other leukemia 
mouse models, suggesting pro-inflammatory signals are key 
players in AML evolution and maintenance (20). 

Lastly, in an attempt to normalize the diseased BM 

Figure 1 AML development drives remodeling of endosteal niches resulting in generation of pro-leukemia microenvironments. Drawn 
based on the results from the original Cell Stem Cell 2018 paper (17). AML, acute myeloid leukemia; LT-HSC, long-term hematopoietic 
stem cell; BM, bone marrow.
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niche, Duarte and colleagues treated AML burden mice 
with deferoxamine (DFO), an iron chelator recently 
shown to expand the endosteal vasculature by upregulating 
HIF1a expression (16). While the DFO treated mice 
indeed show increased number of endosteal vessels, 
the DFO treatment didn’t have much effect on AML 
disease burden and animal survival. A recent study, 
using a xenograft model, similarly showed that the AML 
engraftment caused increased vascular permeability in the 
BM niche. Additionally, they found significantly higher 
levels of NOX4 and NOS3 genes in the BM endothelial 
cells of AML burdened mice. The increased nitric oxide 
(NO) production in the BM niche caused damage to 
the BM endothelium. Inhibition of NO production in 
BM niche by genetic or pharmacological methods not 
only restored the vascular permeability defects, it also 
enhanced normal HSC functions, improved drug delivery 
and animal survival (21). Lastly, using genetic models for 
Notch activation in endothelial cells, Ralf Adams’ group 
improved endosteal vessels regeneration and numbers 
in aged mice and enhanced the efficacy of drug delivery 
(22,23). These results supported the notion of niche 
restoration as additional therapeutic opportunities to 
improve on current leukemia treatments.

Overall, this study by Duarte and colleagues is in line 
with the current hypothesis that leukemia cells damage 
the BM components in the niche and diminish normal 
HSC niche to favor their own expansion. This study is also 
consistent with our recent published works showing that 
AML cells through their secreted exosomes could remodel 
endosteal BM niche promoting their own expansion, 
inhibits normal HSC functions and either normalization 
of endosteal niche by reducing leukemia induced DKK1 
expression or leukemia specific exosomes secretion 
inhibition could rescue and enhance chemotherapy efficacy 
(24,25).

For effective leukemia treatment, this study adds to the 
growing research that suggests importance of restoration 
of the defective niche. Restoring damaged vascular 
microenvironment may increase chemotherapy delivery 
and increase treatment responses. Further, niche targeted 
therapy may inspire the design of innovative therapies that 
are not only shrinking/killing the proliferating blasts but 
also eliminating LSCs, a quiescent population responsible 
for disease relapses. This is an exciting study that provides 
a detailed mechanism of leukemic evolution and the 
possibility for future studies on microenvironment specific 
therapeutic targets.
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