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Compelling evidences from recent studies suggest that
leukemia stem cells (LSCs), a small subpopulation of
malignant cells with long-term self-renewal capacity, play
a key role in leukemia development, drug resistance, and
disease relapse and recurrence (1). It has also been known
for some time that tumor microenvironment or tissue
niches may exert profound effect on the fates and viability
of LSCs. A recent study by Ye et al. revealed a metabolic
interaction between LSCs and adipose tissues, and showed
that LSCs could be segregated into two metabolically and
functionally distinct subgroups by their expression of the
fatty acid (FA) transporter CD36 (2). The authors also
suggested that gonadal adipose tissue (GAT) might provide
a preferred niche to support CD36" LSCs and promote
drug resistance in a mouse model of blast crisis chronic
myeloid leukemia (CML).

Leukemia is a group of clonal and heterogeneous
hematological malignancies. In 1994, Lapidot et al.
reported cells capable of initiating acute myeloid leukemia
(AML) after transplantation into immune-deficient mice
and proposed the concept of LSCs (3). Since then, many
studies have demonstrated the presence of LSCs that
are able to initiate and maintain leukemic disease, and
started to identify biomarkers for LSCs and to explore the
possibility to target LSCs as a therapeutic approach for
the cure of leukemia (4,5). Base on the surface expression
of CD34+ and CD38-, additional molecules including
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CD123, CD32, CD33, CD47, CD96, CD99, IL1IRAP and
TIM-3 have been proposed as LSCs markers (6). More
recent data demonstrated that both intrinsic and extrinsic
components are crucial to influence the survival and fates
of LSCs. Intrinsic factors include regulators of cell cycle
and pro-survival pathways, factors that regulate oxidative
stress, and special molecular components that promote self-
renewal. Extrinsic components include certain chemokine
receptors, adhesion molecules, hypoxia-related factors,
nutrients and certain metabolic intermediates in the tissue
microenvironment. LSCs reside in specific niches and their
stemness and functional status are dependent on a complex
interplay of the extrinsic and intrinsic factors, which
together govern the overall fate of LSCs (7).
Epidemiological data suggest a significant association
between increased body mass index (BMI) and
hematological neoplasms. Several large cohort studies,
including meta-analyses of cohorts and case control studies,
have revealed an association between high incidence of
leukemia and overweight, suggesting that obesity is a
poor prognostic factor for leukemia (8). The metabolic,
endocrinologic, immunologic and inflammatory-like
abnormalities resulting from obesity may increase the risk
of cancer (9). However, how obesity affects leukemia cells
still remains unclear. Han et 4/. found that the stromal
vascular fraction (SVF) in adipose tissue (AT) contains
phenotypic and functional hematopoietic stem cells (HSCs),
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Figure 1 A vicious cycle of metabolic interaction between
leukemia stem cells (LSCs) and adipose tissues. LSCs utilize
adipose tissues such as GAT as a preferred niche to support their
active lipid metabolism. LSCs secret pro-inflammatory cytokines
to stimulate lipolysis in adipose cells, which release free fatty
acids (FFA) to support fatty acid b-oxidation (FAO) in LSCs. This
metabolic interaction between seems to form a vicious cycle of
lipolysis and inflammation, potentally leading to cancer cachexia
and drug resistance. The expression of CD36 segregates LSCs into
two metabolically and functionally distinct subsets (See text for
detail).

and showed that AT might be a possible extramedullary
reservoir and niche for HSCs (10). These observations
led to a postulation that AT might provide a favorable
environment for the survival and growth of LSCs. Using
a murine model of blast crisis chronic myeloid leukemia
(bcCML) as an experimental model, Ye and colleagues
found that GAT indeed served as a reservoir for LSCs (2). In
leukemic GAT tissue microenvironment, LSCs may secret
pro-inflammatory cytokines such as tumor necrosis factor
alpha (TNF-0), interleukin-1 alpha (IL-10), interleukin-1
beta (IL-1B) and CSF2. These pro-inflammatory cytokines
may then in turn stimulate lipolysis in the adipose tissue,
leading to an elevation of serum free fatty acids (FFAs),
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atrophy of GAT; and loss of body weight. Moreover, FFAs
from lipolysis may provide metabolic fuel for B-oxidation
in LSCs and further exacerbate inflammation-induced
lipolysis. These findings suggest that LSCs may utilize
GAT as a niche to support their metabolism by disrupting
lipid metabolic balance in GAT through paracrine signaling
of pro-inflammatory cytokines to enhance lipolysis, which
further support the metabolism of LSCs. This metabolic
interaction between LSCs and adipose tissues seems to form
a vicious cycle of lipolysis and inflammation (Figure I). This
might be a potential mechanism contributing to abnormal
lipid consumption and cachexia.

Ye et al. also showed that LSCs in adipose tissue were
heterogeneous, and could be classified into two distinct
subgroups by their expression of CD36 (2). Cluster of
differentiation 36 (CD36) is an 88-kDa transmembrane
glycoprotein present in a wide variety of cell types. Its
main function is to facilitate the update of FA into the cells.
Specifically, CD36 enable the transport of non-esterified
fatty acids (NEFA), which are the products of lipolysis
of triglyceride-rich lipoproteins such as very low density
lipoprotein (VLDL), across plasma membranes into cells
(such as monocytes, cardiomyocytes, and adipocytes) for use
in fatty acid p-oxidation (FAO) and lipid deposition (11).
The biological consequences of CD36 expression in tumor
cells are somewhat controversial. Some studies suggest that
a high expression of CD36 could promote endothelial cell
apoptosis and reduce tumor metastasis iz vivo, and a loss of
CD36 expression seems to correlate with tumor progression
and increased metastatic potential (12,13). However, other
studies suggest that expression of CD36 seems to be an
indicator of tumor cell dissemination in chronic lymphocytic
leukemia (CLL) and in acute myelocytic leukemia (14,15).
Little was known about CD36 expression in LSCs and its
functional significance. Ye et al. showed that CD36 was not
expressed in normal HSCs, but was highly expressed in a
subset of LSCs. The expression of CD36 in LSCs could
promote the cellular uptake of fatty acids and enhance their
utilization through B-oxidation. Interestingly, the cellular
ATP content was lower in CD36" LSCs despite higher
pB-oxidation for a yet unknown reason. Another surprising
finding was that CD36" LSCs were more sensitive
to inhibition of glycolysis by 2-deoxyglucose (2-DG)
and more resistant to the inhibition of mitochondrial
respiratory complex I by rotenone. If CD36" LSCs were
more effective in using FA as an energy source through
active B-oxidation, these cells would be expected to be less
dependent on glycolysis to generate ATP and more sensitive
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to inhibition of mitochondrial respiration, a necessary
process to generate ATP downstream of B-oxidation in the
mitochondria. Obviously, the complex energy metabolism
in LSCs and their dependency on glucose and/or fatty acids
still require further investigation.

Leukemia stem cells are in general less sensitive to
chemotherapeutic agents compared to the bulk of non-
stem leukemia cells. This was confirmed in Ye et al. (2).
One important finding from their study was that CD36"
LSCs in adipose tissues were more resistant to multiple
chemotherapeutic drugs compared to CD36™ LSCs.
The authors also showed that a loss of CD36 expression
decreased leukemic burden in GAT and sensitized LSCs
to chemotherapy (2). The mechanisms by which CD36
confers drug resistance still remain unclear. One possible
explanation was that CD36" cells were more quiescent in
nature and thus were less sensitive to cell-cycle specific
chemotherapeutic agents. However, it is unclear how such
phenomenon could mechanistically link to the active uptake
of FA and B-oxidation conferred by CD36 expression in
LSCs.

The work by Ye et 4l. has revealed a complex metabolic
interaction between LSCs and adipose tissues where LSCs
promote lipolysis through secretion of inflammatory
cytokines, and the FFAs generated from lipolysis in turn
fuel the metabolism and survival of LSCs. The expression
of CD36 in a subset of LSCs further enhances the uptake
of fatty acids and lipid metabolism, and is associated with
drug resistance in this subset of LSCs. These complex
interactions seem to form a vicious cycle, potentially
leading to cancer cachexia and drug resistance (Figure I).
The results of this study have potentially important
clinical implications in developing more effective
therapeutic strategies to eliminate drug-resistant LSCs
and overcome drug resistance by targeting CD36 and
its relevant pathways. It may also be possible to develop
new intervention strategies to prevent cachexia associated
metabolic abnormalities induced by LSCs in adipose tissues.
However, since the underlying mechanisms responsible for
drug resistance in CD36" LSCs still remain unclear and
the reason for LSCs with highly active B-oxidation being
more sensitive to glycolytic inhibition and more resistant
to inhibition of mitochondrial respiration still remain
poorly understood, further study in this important area is
required in order to develop mechanism-based therapeutic
strategies. In addition, because acute lymphocytic leukemia
(ALL) has a poor prognosis in adult and tends to infiltrate
GAT such as testis (16), it would be important to extend
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this study to ALL. A recent study suggests that T-ALL
cells have dynamic interactions with bone marrow stromal
microenvironments, leading to an accumulation of disease
burden and a rapid remodeling of the bone marrow
microenvironment (17). It would be important to test if
altered lipid metabolism is involved during this disease
progression.
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