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DESCRIPTION

The role of the bone marrow microenvironment in leukemia
pathogenesis has emerged as one of the most influential
concepts reshaping modern understanding of malignant
hematologic diseases. While these intrinsic genetic factors
remain critical, it has become increasingly evident that the
surrounding bone marrow niche plays an equally essential role in
determining whether leukemia initiates, progresses, or resists
treatment. The bone marrow is not a passive background in
which leukemia develops; it is an active, dynamic ecosystem
composed of stromal cells, endothelial cells, adipocytes,
osteoblasts, immune cells, extracellular matrix components and a
complex network of cytokines and signaling molecules. Together,
these elements form a supportive or suppressive environment
that shapes the behavior of both healthy and malignant
hematopoietic cells. Understanding the interplay between
leukemia cells and the microenvironment offers not only
insights into disease mechanisms but also opens new avenues for
therapeutic intervention.

The bone marrow microenvironment in healthy individuals is
finely tuned to regulate the balance between hematopoietic stem
cell quiescence, differentiation, and proliferation. Stromal cells
release factors such as CXCL12, stem cell factor, interleukins,
and adhesion molecules that anchor stem cells and regulate their
fate decisions. Osteoblasts contribute to maintaining stem cell
dormancy, adipocytes influence metabolism, and immune cells
help remove abnormal or senescent cells. The wvasculature
controls oxygen gradients and nutrient supply, while
extracellular matrix proteins provide structural scaffolding. This
delicate balance is disrupted when malignant transformation
occurs. Leukemia cells hijack, manipulate, and reshape the
microenvironment to create a niche that favors their survival and
expansion at the expense of normal hematopoiesis. This
remodeling process is a hallmark of leukemia pathogenesis.

One of the earliest alterations observed in leukemia is the shift
in stromal cell behavior. Mesenchymal stromal cells become
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reprogrammed under the influence of leukemia derived factors.
These transformed stromal cells begin producing excessive
amounts of cytokines and chemokines that support leukemia
growth. The increased production of CXCL12, for instance,
enhances the retention of leukemia cells within protective
marrow niches. Additionally, leukemia-altered stromal cells
reduce their support for normal hematopoietic stem cells,
contributing to bone marrow failure, which manifests clinically
as anemia, neutropenia and thrombocytopenia. This selective
nurturing of malignant cells while depriving normal ones
highlights how leukemia actively corrupts the microenvironment
to establish dominance.

Another

involves vascular remodeling. Leukemia induces increased

important component of the microenvironment

angiogenesis in the marrow, creating an abnormal network of
blood vessels that supply nutrients and oxygen to malignant
cells. Endothelial cells become activated and secrete factors that
further promote leukemia cell proliferation. Moreover, these
blood vessels create niches that protect leukemia cells from
circulating immune surveillance. The close proximity of
leukemia cells to vascular niches also provides rapid access to
systemic circulation, facilitating disease dissemination. The
abnormal vasculature not only supports leukemia growth but
also affects drug delivery, creating areas within the bone marrow
where therapeutic agents penetrate poorly, allowing pockets of
malignant cells to survive treatment.

The role of the immune microenvironment is equally significant.
Under normal conditions, the bone marrow hosts a coordinated
network of immune cells capable of identifying and eliminating
abnormal hematopoietic cells. Leukemia disrupts this immune
surveillance by inducing immunosuppressive environments.
Regulatory T cells become elevated, natural killer cell function is
suppressed and dendritic cells become tolerogenic. Cytokines
such as TGF-f and IL-10 are upregulated, further dampening
immune activity.
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