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The bone marrow microenvironment—driver of leukemia evolution?
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The hematopoietic microenvironment while crucial for
maintaining healthy self-renewal and differentiation of
hematopoietic stem and progenitor cells (HSPCs) may also
be a source for deleterious signals that may cause damage
to HSPCs leading to disease (1,2). Previous studies have
shown that alterations to niche components can trigger or
aid in disease progression. A study to generate an improved
xenograft mouse model of myelodysplasia syndrome (MDS)
found that co-transplantation of patient stem cells with
stromal cells increased disease engraftment, suggesting
that the stromal cells are important in disease initiation
and maintenance (3). Acute myeloid leukemia (AML) was
triggered in mice by activation of B-catenin in osteoblast
which lead to overexpression of the Notch ligand Jaggedl
and upregulation of the Notch receptor in HSPCs (4). In
another study, myeloproliferative syndrome (MPS) was
induced in retinoic acid receptor gamma mutants by defects
in the stromal cells that transformed hematopoietic cells
(5,6). In mice deletion of Dicer in osteoprogenitors caused
MBDS leading in rare cases to AML, this defect was linked
to decreased expression of the Sbds gene, which is mutated
in patients with Schwachman-Diamond syndrome (SDS) a
leukemia predisposition disorder (7). Furthermore, deletion
of Shds in osterix+ mesenchymal stromal progenitors created
a mouse SDS model that displayed apoptosis in HSPCs
and myelodysplasia (7). Recently, Zambetti and colleagues
identified the mechanism by which deletion of Shds in
this SDS mouse model causes disease. They found that
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increased inflammatory signals in the microenvironment
caused genotoxic stress in both the mouse model and SDS
patient samples (8).

By detailed characterization of the skeletal system in the
SDS model Zambetti and colleagues were able to define a
skeletal phenotype with reduced growth, trabecular area
and bone volume recapitulating the human disease (8).
Interestingly, they observed an increase in the mesenchymal
progenitor pool and found by transcriptional profiling
that these progenitors where impaired to differentiate
into matrix depositing osteoblast, leading to the observed
phenotype. Next, Zambetti and colleagues analyzed
the HSPCs and found that while their numbers were
unaffected the transcriptional profile was similar to profiles
associated with leukemic evolution of human CD34+ cells,
specifically pathways linked to mitochondrial abnormalities
were triggered (8). Further analysis of mitochondria
found increased membrane potential leading to increased
levels of reactive oxygen species (ROS); which activated
DNA damage response and repair pathways indicated by
accumulation of Ser139-phosphorylated H2AX histone
(YH2AX) (8). Depletion of S-phase cells indicated cell
cycle arrest at G1-S. These findings suggest a highly
stressed and genotoxic environment for HSPCs although
competitive transplantation assays showed that short-term
exposure to this microenvironment did not have long-
term effects of HSPCs with proper DNA repair (8). This
suggests that treatment of the microenvironment may be
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a possibility in cases where disease progression caused by
microenvironment stressors is in its early phase.

Analysis of mesenchymal stromal cells of SDS model
mice found that p53 was overexpressed. Moreover, creating
double knockouts of Sbds and Tip53 partially rescued the
skeletal phenotype and ameliorated the genotoxic stress
on HSPCs (8). Next, Zambetti and colleagues looked for
downstream targets of p53 by comparing the transcriptome
of mesenchymal stromal cells from SDS mouse models
to that of CD271+ mesenchymal cells from human SDS
patients. An abundance of inflammatory genes were
increased in both the SDS mouse model and human patient
mesenchymal stromal cells. The researchers narrowed their
search for p53 targets by including analysis of mesenchymal
stromal cells of two related diseases MDS (pre-leukemic
disorder) and Diamond-Blackfan anemia (DBA) a
ribosomopathy similar to SDS but with lower incidence
of AML. They found 11 genes that were differentially
expressed in SDS and MDS but not in DBA suggesting
that they are important in the evolution of AML (8). The
DAMP genes S100A48 and S100A49 were included in this
gene set and are downstream targets of p53. These genes
are pro-inflammatory molecules that bind to the TLR4
receptor, which is present in HSPCs. TLR4 activates NF-
kB and MAPK pathways, which were upregulated in SDS
mouse model HSPCs. Exposure of mouse HSPCs (LKS)
and human cord blood CD34+ cells to S10048/9 caused
increased DNA damage and apoptosis (8). Likewise, iz vivo
overexpression of SI00A8/9 in mesenchymal cells caused
increased DNA damage of transplanted HSPCs. Analysis
of MDS patient mesenchymal stromal cells found that
those with S100A8/9+ stromal cells had a higher incidence
and shorter time to leukemia evolution than those with
S100A8/9- stromal cells. This suggests that p53-S100A9/9-
TLR4 activation causes genotoxic stress and leukemic
evolution in MDS and SDS (8).

The study conducted by Zambett and colleagues focused
on the loss of Shds in osterix+ mesenchymal stromal cell as
a driving force for genotoxic stress and transformation of
the HSPCs population. There are various other support
cells that contribute to HSPCs microenvironment which
play partially redundant roles in maintaining the HSPCs
population. Even within the mesenchymal stromal
population there are primitive, intermediate and mature
progenitor cells that maintain the microenvironment and
provide support for HSPCs and various definitions of the
different populations (9-11). While there are differences
in markers used and definition of osteoblast, this study
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and others show that the lack of a healthy osteoblast
population is a recurring theme in multiple blood disorders
and that maintenance of a healthy microenvironment is
crucial for HSPC population integrity. In AML mouse
models we observed increased intermediate and primitive
mesenchymal stromal cells and reduced osteoblast (12).
Others have also seen osteoblastic defects in AML mouse
models as well as AML and MDS patients (13,14). Ablation
of osteoblast in mice lead to increased engraftment of
both AML and chronic myeloid leukemia (CML) (15).
Moreover, treatment of AML mice with compounds that
inhibit osteoblast loss increased survival (14). In T-cell acute
lymphoblastic leukemia (T-ALL) Notch overexpression
suppressed osteoblast differentiation (16). In contrast, in
a myeloproliferative neoplasia (MPN) mouse model an
increase in trabecular number and thickness was observed
and functional osteoblast were replaced by altered osteoblast
that overproduced pro-inflammatory cytokines and myeloid
differentiation signals (17). Suggesting that both loss
of osteoblast or overproduction of abnormal osteoblast
can cause deleterious effects to HSPCs. The differences
observed may be due to markers used to define osteoblast as
several of the studies did see increases in osteoprogenitors.
Another recurring theme is increased pro-inflammatory
signals in the diseased microenvironment. In the MPN
mouse model while the skeletal abnormalities observed were
opposite of those observed by Zambetti and others, the pro-
inflammatory theme persisted with osteoblast resembling
inflammatory myelofibrotic cells at the molecular level;
expressing cellular adhesion, extracellular matrix remodeling
and inflammatory genes reminiscent of this cell type (17). In
MDS patients, stromal cells were found to overexpress pro-
inflammatory signals and these properties were transferred
to healthy stromal cells upon co-culture (3). Loss of Notch
signaling in bone marrow endothelial cells lead to increased
miR-155 and activation of pro-inflammatory NF-«kB which
resulted in myeloproliferative-like disease in mice (18).
It is unclear if there is a causal relationship between pro-
inflammatory signals and changes to osteoblast but evidence
provided by Zambetti and others shows that both are key
players in disease evolution and maintenance (Figure I).
These findings are pivotal in understanding the evolution
of disease driven by microenvironment stressors. Although
current treatments are still centered on elimination of the
leukemia cells alone, this study adds to the growing research
that suggests that treatment of AML and other cancers
needs to focus on the microenvironment as a whole and not
the specific cells that are being transformed. Disrupting the
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Figure 1 Mesenchymal stromal cells of the Sbds mouse model secrete pro-inflammatory signals SI00A8/9 causing genotoxic stress to the

HSPCs. The mesenchymal stromal cells are also deficient in their ability to differentiate into osteoblast although it is unclear if the pro-

inflammatory signals play a role in this defect.

production of S1A008/9 with antibodies or other inhibitors
may stop or delay evolution of MDS to AML. Post-
irradiation or other forms of marrow ablation, transplanted
mesenchymal stromal cells are capable of engrafting
and providing substantial contributions in supporting
HSPCs (9), allowing for the possibility of co-transplanting
healthy mesenchymal stromal cells along with cord blood
or marrow transplantations as a treatment option (19).
If aberrant stromal components could be replaced by
healthy ones survival may be increased in patients. 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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