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Acute myeloid leukemia (AML) remains a formidable 
therapeutic challenge with the majority of older patients 
succumbing to disease progression despite aggressive 
treatment. Common reasons for lack of therapeutic 
efficacy in AML are complications related to marrow 
failure caused by progressive disease or early relapse 
after initial chemotherapy. The genetic and functional 
heterogeneity observed within individual cases of AML 
supports the notion that cell extrinsic factors are logical 
therapeutic targets. Increasingly, changes within the bone 
marrow microenvironment have been described in AML 
that lead to diminished normal hematopoiesis, depletion 
of hematopoietic stem cells (HSCs), and the inability of 
healthy HSCs to compete with the accumulating leukemia 
cells. Greater insight regarding how leukemia may remodel 
the microenvironment for its own relative advantage may 
be crucial for the development of more effective therapies.

The bone marrow microenvironment includes vascular 
and endosteal niches (1) that represent distinct geographical 
and molecular niches (2). HSCs are maintained in 
endosteal niches adjacent to osteoblasts and compete with 
leukemia-initiating cells for saturable sites. Alterations of 
the endosteal niche can impair normal hematopoiesis (3). 
Leukemic blasts can displace healthy HSCs in protected 
niches and compete for space within the microenvironment. 
Moreover, AML blasts can alter the microenvironment and 
inhibit hematopoiesis directly or indirectly, through release 
of exosomes and other factors that change the behavior 
of supporting mesenchymal stromal cells (4,5). Regional 

differences in the bone marrow compartment have also been 
recently described with greater capacity to accommodate 
HSCs within the endosteal-enriched trabecular bone of 
the metaphyseal region compared to the diaphysis of long 
bones (2). The metaphyseal niches have greater Notch-
mediated capacity to support HSCs than diaphyseal regions. 
AML treatment, including chemotherapy and radiation, 
can impair the function of the microenvironment, reduce 
endosteal niche capacity, deplete the vasculature, and reduce 
the supportive function of mesenchymal stromal cells.

In a recent paper by Duarte et al. (6), they describe their 
use of high content intravital microscopy to demonstrate 
the progressive remodelling of endosteal vasculature that 
leads to significant endothelial cell loss and spatiotemporal 
loss of normal HSCs through egress via perivascular 
transendothelial migration. Vascular destruction was 
limited to the endosteal region where HSC support is most 
abundant and was less evident in the diaphyseal region 
which is known to be less associated with Notch-mediated 
support of HSC self-renewal (2). The effects were seen 
only in AML and not in a murine model of Notch-driven 
T-ALL. Moreover, gene transcriptome analysis of endosteal 
leukemic cells (from crushed metaphysis) was performed 
by RNA-sequencing and compared with leukemic cells 
from the diaphysis (flushed long bones). Greater expression 
of genes involved in inflammation were observed in the 
metaphyseal region, along with members of the tumor 
necrosis factor signalling pathway and the anti-angiogenic 
cytokine Cxcl2 or MIP2-alpha. Additionally, bone marrow 
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imaging revealed loss of marrow stroma in areas enriched 
for leukemic infiltration with perturbed vascular adherence 
to the stroma. This was most marked in endosteal regions. 
They conclude that AML cells can remodel the stroma 
when they reach a certain threshold density. Through 
elegant experiments using double transgenic mice, the 
authors indicated that loss of endosteal vasculature preceded 
loss of osteoblasts and this was temporally associated with 
the subsequent loss of normal HSCs. Osteoblastic cells 
were lost in an infiltration-dependent manner and normal 
HSCs were only lost in late stages of leukemic infiltration 
and most dramatically in the metaphyseal region. 

The investigators then addressed whether inhibition 
of vascular remodelling during AML progression in the 
transplanted mice could preserve HSCs and enhance 
their number and competitiveness during treatment with 
chemotherapy. They used deferoxamine (DFO) to enhance 
hypoxia-inducible factor 1-alpha stability and activity to 
induce endosteal vascular expansion. DFO-treated mice 
that underwent transplantation with AML cells developed 
similar extent of leukemic infiltration compared with 
control mice treated with phosphate-buffered saline (PBS) 
but there was a marked increase in endosteal expansion 
and increased co-transplanted numbers of normal HSCs in 
the trabecular-rich metaphysis. The flushed diaphysis was 
similar, however, between DFO-treated and control mice, 
indicating that preservation of endosteal vasculature was 
critical for HSC maintenance and protection, despite AML 
growth, and could improve HSC homing in the presence of 
AML. 

They next hypothesized that improved endosteal 
vasculature could enhance the delivery of chemotherapy 
for leukemic stem cells and improve treatment responses 
in AML. They used a xenograft mouse model of AML 
utilizing mice mutant for Fbxw7 in which tamoxifen 
administration increases Notch activation in endothelial 
cells, thereby increasing the number of endosteal vessels 
and arterioles. Fbxw7 and control mice were treated with 
induction-like chemotherapy and the authors observed 
marked chemotherapy-induced vascular damage in both 
groups, including loss of endosteal vessels. The Fbxw7 
mice, however, had fewer numbers of surviving AML cells 
following treatment, delayed time to relapse, and increased 
overall survival. They conclude that rescuing endosteal 
vessels prior to induction therapy can improve the efficacy 
of anti-leukemia treatment.

Other studies have demonstrated major changes in the 
marrow microenvironment in AML, including expansion 

of nestin-expressing MSCs with reduced differentiation 
capacity due to AML-induced sympathetic neuropathy (7).  
Moreover, MSC-derived exosomes from patients with 
leukemia contain a unique microRNA signature that favored 
leukemia cell expansion, and reduced normal hematopoiesis 
(4,5). Other research has demonstrated the ability of 
normal HSCs to progressively compete against leukemia 
cells for stem cell niches within the bone marrow through 
repeated cycles of CD34-selected HSC administration (8). 
Taken together, there is increasing evidence that the bone 
marrow microenvironment can be remodeled in AML 
and also by its treatment. AML hijacks the bone marrow 
microenvironment leading to reduced competitiveness 
of normal HSCs, AML progression, and marrow failure. 
Strategies aimed at reversing this remodelling and returning 
the microenvironment to a healthy state can improve the 
efficacy of chemotherapy and can improve the ability of 
normal HSCs to repopulate the marrow. This may be most 
relevant in the context of allogeneic blood and marrow 
transplant where incoming healthy HSCs need to home 
and repopulate the host stem cell niches. If these niches 
are occupied, depleted or damaged, donor HSCs have 
a reduced capacity to engraftment and compete against 
residual AML cells. Strategies to eradicate AML should 
consider reversing the pathological remodelling of the 
microenvironment, including the vascular obliteration in 
the endosteal niche, perhaps combined with allogeneic 
transplantation approaches. 
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