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Introduction

Bone marrow is the origin of normal hematopoietic cells and 
hematological tumor cells, and the growth of these cells is 
not isolated from the surrounding environment but occurs 
in close contact with the microenvironment. The bone 
marrow microenvironment is composed of hematopoietic 

stem cells (HSCs), stromal cells, and cytokines secreted 
by these cells, among which adipocytes are an important 
component of the bone marrow microenvironment (1,2). 
Bone marrow adipocytes (BMAs) are derived from bone 
marrow mesenchymal stem cells (MSCs) that transform 
into adipoblasts, pre-adipocytes, immature adipocytes, and 
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lastly mature adipocytes under a series of stimuli. They are 
susceptible to the surrounding environment and signals 
promoted by aging and diseases, such as obesity, as well as drug 
administration (1,3). In the bone marrow microenvironment, 
adipocytes participate in normal hematopoiesis via the 
release of free fatty acids (FFAs) via lipolysis and the secretion 
of adipocytic factors, which are closely related to the 
development and treatment of hematological tumors (4). We 
present this article in accordance with the Narrative Review 
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-24-52/rc).

Methods

We conducted a search of PubMed, Springer Link, and the 

Web of Science database for this narrative review, covering 
the period from 2000 to July 2024. The search strategy 
details are provided in Table 1. This review encompasses 
original research, review articles, and expert consensus 
documents. Additional literature was found through 
citations in articles identified in our search.

Dual role of BMAs in HSCs

BMAs have a dual effect on HSCs (Figure 1). The accumulation 
of BMAs owing to obesity or aging was found to impair 
hematopoietic functions (5). Moreover, the number of 
HSCs was found to be reduced and circulatory capacity 
was impaired in adipocyte-rich tail vertebrae compared to 
those in adipocyte-poor thorax vertebrae (6). Furthermore, 
during post-transplant hematopoietic reconstitution, 
BMAs can negatively regulate the proliferation of HSCs by 
releasing tumor necrosis factor (TNF)-α (7,8). Nevertheless, 
BMAs also have a positive regulatory effect on HSCs. 
FFAs released by BMAs via lipolysis were reported to 
be an energy source for the survival, proliferation, and 
differentiation of HSCs (5,9). Study has also confirmed that 
irradiated BMAs can secrete stem cell factors that promote 
HSC regeneration and hematopoietic reconstitution (5).  
In mouse experiments, BMAs were found to secrete 
adiponectin, which activates the p38 MAPK pathway 
and stimulates HSC proliferation. Moreover, HSCs 
treated with adiponectin showed enhanced hematopoietic 
reconstitution potential in mice, whereas adiponectin-
deficient mice experienced defective hematopoietic 
reconstitution after chemotherapy (10,11). Furthermore, 
in bone marrow culture, recombinant adiponectin impedes 
adipocyte formation and stimulates the proliferation of 
HSCs (12). Therefore, BMAs can positively and negatively 

Table 1 The search strategy summary

Items Specification

Date of search The first search was conducted on 11/20/2023. The last search was conducted on 
7/10/2024

Databases and other sources searched PubMed, Web of Science, Springer Link

Search terms used Bone marrow microenvironment, adipocytes, lipid metabolism, adipocytokines, 
hematological tumor, cancer, and their combinations

Timeframe From 2000 to July 2024

Inclusion and exclusion criteria Unreliable articles such as those that are old and have a low impact factor are 
excluded, and there is no restriction on language

Selection process Y.L., L.W., and J.W. conducted the selection and agreed with the other authors

Figure 1 Dual effects of BMAs on HSCs. In the bone marrow 
microenvironment, BMAs can negatively regulate the proliferation 
of HSCs by releasing TNF-α. Nevertheless, BMAs also have 
a positive regulatory activity effect on HSCs through lipolysis 
(FFAs) and secretion (adiponectin and SCF). BMAs, bone marrow 
adipocytes; FFAs, free fatty acids; TNF-α, tumor necrosis factor-α; 
SCF, stem cell factor; HSC, hematopoietic stem cell.
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regulate HSCs through different pathways to maintain 
hematopoietic homeostasis in vivo.

Adipocytes and hematological cancers in the 
bone marrow microenvironment

BMAs can accelerate the occurrence and progression of 
hematologic tumors through lipid metabolic reprogramming 
and the secretion of adipokines. For example, in acute 
myeloid leukemia (AML), enhanced levels of lipase 
phosphorylation and the activation of lipolysis in BMAs 
contribute to improving levels of FFAs in the bone marrow 
microenvironment, which in turn can accelerate fatty acid 
transfer and provide a source of energy for tumor cell 
β-oxidation by upregulating tumor cell surface fatty acid 
translocase CD36 (13). In addition, BMAs can also secrete 
some adipocytokines, such as adiponectin, leptin, and 
TNF-α, which will affect the occurrence and progression of 
hematological tumors (Figure 2) (14).

Notably, tumor cells can also regulate the differentiation 
and maturation of adipocytes. For example, in multiple 
myeloma, bone marrow biopsies showed a significant 
decrease in BMA numbers upon invasion of the bone 
marrow by myeloma cells, as well as the recovery of BMA 

numbers after treatment. In vitro and in vivo experiments 
have also indicated that myeloma cells can reduce the 
number of BMAs and interfere with gene expression and 
adipocytokine secretion in adipocytes (15).

Hematological cancer stem cells

Cancer stem cells are a group of infinitely proliferating, 
self-renewing, and highly heterogeneous cells. These cells 
are dormant for a long time, have a variety of mechanisms 
for drug resistance, and are responsible for the occurrence, 
progression, and recurrence of hematological tumors 
(16,17). An increased number of adipocytes contribute to 
the formation of lipid droplets in cancer stem cells, which 
can promote their tumorigenesis and self-renewal. The 
associated lipid saturation of the cell membrane, which can 
affect cell mobility, is a key factor in signal transduction, 
cell division, and migration (18). Therefore, BMAs might 
also be closely related to the leukemic stem cells (LSCs). 
When cocultured with AML primitive cells in vitro, BMAs 
can improve the transport capacity of fatty acids in AML 
blastocysts by activating adipocyte lipolysis and increasing 
fatty acid-binding protein (FABP)4 levels. Hence, LSCs 
and/or AML blastocysts can regulate adipocytes via 

Figure 2 BMAs accelerate the occurrence and progression of hematologic tumors. The activation of adipocyte lipolysis and the upregulation 
of CD36 and FABP4 expression can accelerate FFA transfer to leukemia cells as an extra source of energy for β-oxidation. In addition, BMAs 
can also secrete some adipocytokines, such as adiponectin, leptin, and IL-6, which will affect the occurrence and progression of hematological 
tumors. SCF, stem cell factor; IL-6, interleukin 6; CXCL12, C-X-C motif chemokine ligand 12; CCL2, C-C motif chemokine ligand 2; 
TNF-α, tumor necrosis factor-α; FABP4, fatty acid-binding protein 4; BMAs, bone marrow adipocytes; FFA, free fatty acid.
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feedback to maintain high metabolic levels to meet the 
fatty acid requirements of cancer cells (19). Of note, the 
bone marrow adipose tissue can also protect LSCs by 
mediating their silencing and chemotherapy resistance, 
thereby representing a risk factor for poor prognosis in 
AML (20). In addition, unsaturated fatty acids released from 
adipocytes can not only directly accelerate the development 
of leukemia by promoting the differentiation of LSCs but 
also accelerate its progression by stimulating mesenchymal 
stromal cells to secrete angiogenic factors (21).

MSCs

MSCs play an integral role in the bone marrow niche. They 
provide newly differentiated osteoblasts for bone tissue 
regeneration and tightly control the fate of HSCs through 
direct interaction and secretion of growth factors, cytokines, 
and other soluble factors (22). Among them, C-X-C motif 
chemokine ligand 12 (CXCL12) abundant reticular (CAR) 
cells and LepR+ MSCs can differentiate into adipocytes and 
play an important role in the HSCs ecological niche.

CAR cells, a type of MSCs, are capable of differentiating 
into adipocytes and osteoblasts, which are essential 
for maintaining the homeostasis of the bone marrow 
microenvironment. CAR cells are adjacent to HSCs 
inside and outside the endothelial zone and regulate high 
expression of CXCL12, interleukin (IL)-7, angiopoietin-1, 
and osteopontin (OPN), genes that are important for 
participating in HSC maintenance (23). LepR+ MSCs 
within the bone marrow are important cellular components 
of the HSC niche and are critical for the maintenance of 
the HSCs niche. LepR+ MSCs contribute to bone and 
adipocyte formation in adult bone marrow, and in addition, 
proliferation of LepR+ cells was observed in bone marrow 
after injury (24).

The Notch signaling pathway plays a central role in 
maintaining homeostasis of bone marrow MSCs, and 
its dysregulation leads to blood tumors (25). The Notch 
signaling pathway plays a role in the development and 
progression of T-cell acute lymphoblastic leukemia (T-ALL), 
and more than 60% of T-ALL patients have mutations in 
the Notch pathway (26). The Notch signaling pathway is 
dysregulated in multiple myeloma through overexpression of 
receptors and ligands, and direct contact between multiple 
myeloma cells through Notch receptors and ligands can 
activate the signaling pathway, leading to proliferation and 
growth of myeloma cells (27). Currently, there are no Food 
and Drug Administration (FDA)-approved Notch-targeted 

therapeutic agents, and further studies are needed to fully 
elucidate the interactions between bone marrow MSCs and 
the Notch signaling pathway.

Osteoblasts and osteoclasts

The intraosseous cellular ecological niche includes cellular 
components such as osteoblast lineage cells and osteoclasts 
and has been recognized as critical for the successful 
implantation and long-term retention of regenerative 
HSCs and leukemia initiating cells (28,29). Recent in vivo 
imaging techniques have shown that the expansion of 
HSCs and AML cells is restricted at specific stages of bone 
remodeling. Osteoblasts, osteoclasts, and the bone marrow 
microenvironment synergize to regulate hematopoietic 
homeostasis (30). Among them, coupling factors secreted 
by osteoclasts, such as sphingosine 1-phosphate (S1P) 
regulates HSCs migration and mobilization by interacting 
with receptors on HSCs (31-33). S1P signaling is central to 
leukemia initiation, where overexpression of S1PR3 leads 
to leukemogenesis (34). Ephrin-B2 produced by osteoclasts 
interacts with EphB4 receptors on osteoblasts, potentially 
facilitating the expansion of HSCs and improving grafting 
through mechanisms that have not yet been elucidated 
(35,36). In addition, osteoclasts can release vascular 
endothelial growth factor (37) to influence the motility and 
maintenance of HSCs, as well as promote the mobilization 
of HSCs by degrading CXCL12 and stem cell factor (38-40).  
During the bone formation phase, osteoblasts influence 
the dormancy and self-renewal capacity of HSCs through 
secreted factors such as OPN (41). OPN is elevated and its 
level is associated with shorter survival in AML patients (42). 
These findings highlight the multifunctionality of osteoblasts, 
osteoclasts in the bone marrow microenvironment and 
how they influence the behavior and function of HSCs 
through different mechanisms. These interactions have 
important implications for understanding the treatment of 
hematopoietic and hematologic tumors.

Adipocytes interact with other cell types in the bone 
marrow microenvironment to influence the behavior 
of HCSs. Adipocytes influence the differentiation and 
function of osteoblasts by secreting various factors such as 
adiponectin. Adiponectin are thought to promote osteoblast 
activity and protect HSCs from inflammation and enhance 
their self-renewal capacity (43). Adipocytes also secrete 
factors that promote osteoclast differentiation, such as 
leptin, DPP4, IL-6, TNF, and CXCL1/CXCL2, which not 
only promote the formation of osteoclasts, but also inhibit 
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the differentiation of osteoblasts, which in turn promotes 
an inflammatory immune phenotype (44,45). With age, 
adipocytes tend to differentiate more, which is associated 
with bone aging. Aging adipocytes exacerbate the process of 
bone destruction by secreting factors such as RANKL (46).  
This information emphasizes the important role of 
adipocytes in bone remodeling and hematopoiesis and how 
they regulate osteoblast and osteoclast activity by secreting 
multiple factors.

Lipid metabolism

Adipocytes mediate the reprogramming of lipid metabolism 
in cancer cells. For example, even under aerobic conditions, 
the metabolism of tumor cells shifts from oxidative 
phosphorylation to glycolysis, a process known as the 
Warburg effect. Most tumor cells start to rely more on extra 
sources of energy precisely because of the programmed 
increase in glucose uptake and reduced utilization of glucose 
via oxidation in the tricarboxylic acid cycle. For example, 
through the transcription of peroxisome proliferator-
activated receptor (PPAR)-γ and hypoxia-inducible factor 
1-mediated expression of FABP3, FABP4, and FABP7, 
tumor cells can promote the uptake and utilization of 
extracellular fatty acids (47).

Adipocytes can mediate reprogramming of lipid 
metabolism in hematologic tumor cells. Indeed, BMAs 
were found to upregulate FABP4 levels in AML cells 
and accelerate the entry of FFAs into mitochondria for 
β-oxidation. In vitro experiments also confirmed that when 
FABP4 was deleted in human AML cells or leukemic 
mice, the proliferation of leukemic cells is inhibited and 
the lifespan of mice is improved. Moreover, FABP4 can 
induce DNA methyltransferase 1 overexpression and 
CDKN2B silencing by upregulating IL-6, thereby leading 
to more aggressive AML (17,48). In chronic lymphocytic 
leukemia (CLL), increased expression of lipoprotein lipase 
and PPARγ facilitates cellular uptake of lipoproteins and 
binding to FFAs, thereby activating enzymes required 
for fatty acid oxidative phosphorylation, which in turn 
is strongly associated with disease progression and an 
unfavorable prognosis (49). In addition, fatty acid oxidation 
also interferes with the oligomerization of the pro-apoptotic 
proteins B-cell lymphoma (Bcl)-2-associated X and Bcl-2 
homologous antagonist/killer proteins, thereby inhibiting 
cancer cell apoptosis (50).

Cancer cells can also induce morphological and 
functional adaptations in adipocytes. Experiments involving 

the coculture of AML cells with BMAs have indicated that 
growth differentiation factor-15, secreted by cancer cells, 
can induce cellular morphological remodeling in BMAs, 
whereas the calcium channel protein TRPV4 in adipocytes 
can negatively regulate this effect in a feedback mechanism 
to maintain adipocyte morphology (51,52). Adipocytes 
could also be stimulated to accelerate lipolysis and release 
fatty acids. In a hypoxic microenvironment, cancer cells 
can upregulate FABP4 and lipoprotein lipase levels and 
consequently promote adipocyte lipolysis signals, which 
will contribute to accelerating triglyceride hydrolysis and 
FFA release (49,53). In addition, adipocytes preferentially 
release monounsaturated fatty acids, which downregulate 
endogenous lipogenesis in acute lymphocytic leukemia 
(ALL) cells in vitro. Furthermore, unsaturated fatty acids 
secreted by adipocytes, such as oleic acid, protect ALL cells 
from low-dose chemotherapy (54). Notably, different types 
of FFAs have different effects on cells in hematologic tumor 
cells, ; for example, linoleic acid derivatives confer anticancer 
effects in AML (55), whereas polyunsaturated fatty acids can 
induce the apoptosis of human leukemia cells (56).

Adipocytokines

BMAs can also release a series of adipocytokines that is 
involved in the occurrence and progression of hematologic 
cancers. In contrast to FFAs, adipocytokines further stimulate 
the proliferation of cancer cells (57,58). Indeed, when myeloma 
cells were cocultured with adipocytes, it was found that 
myeloma cell proliferation and migration could be enhanced 
by leptin. Moreover, by activating the AKT/STAT3 pathway, 
upregulated leptin stimulates proliferation and increases 
chemoresistance in myeloma cells, whereas it increases 
Bcl-2 levels and inhibits caspase-3 enzyme activity (59).  
In addition, leptin can also stimulate cell proliferation 
and cytokine secretion and inhibit apoptosis by activating 
relevant receptors in myeloid and lytic cancer cells via 
signaling pathways such as MAPK/ERK1/2 and PI3K (60). 
In the study of leptin and tumor cell metabolism, leptin can 
promote tumor cell proliferation by increasing autophagy 
to promote the degradation of lipid droplets (61). Indeed, 
blockage of the leptin receptor signaling pathway along with 
the stimulation of natural killer T cells was shown to improve 
the outcome of multiple myeloma treatment in vivo (62).

Adiponectin, secreted by adipocytes, is important for 
the regulation of energy metabolism and hematopoietic 
functions. Adiponectin-activated protein kinase A reduces 
protein kinase B and AMP-activated protein kinase activities 
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and can reduce expression of the enzyme acetyl-CoA-
carboxylase, thereby contributing to apoptosis and decreasing 
cell proliferation (63). In addition, adiponectin exerts tumor 
suppression by inhibiting cell proliferation and suppressing 
the cell regulatory cycle to induce apoptosis (64).

Lipase secreted by adipocytes can inhibit the apoptosis 
of myeloma cells induced by chemotherapy by increasing 
autophagy (65). Moreover, in vitro and in vivo, TNF-α 
and IL-6 can stimulate the proliferation of myeloma cells. 
Similarly, in myeloma cells, they can also upregulate the 
expression of C-C motif chemokine ligand 2 (CCL2) (66), 
which will in turn recruit macrophages that will support 
cell survival, mediate angiogenesis, and confer multidrug 
resistance to myeloma cells (67). The CCL2/CCR2 signaling 
pathway plays an important role in cancer development. 
When CCL2 binds to CCR2, this signaling pathway 
triggers the activation of multiple downstream signals with 
complex effects on cancer development. CCL2/CCR2 
binds to and activates GPCR, leading to the activation of 
multiple downstream pathways. pI3K activates Akt, which 
in turn promotes survivin expression of G protein-coupled 
chemokine receptors and inhibits the cell death pathway, 
and the PI3K/Akt pathway is essential for cell survival and 
proliferation (68-70). The PI3K/Akt pathway also plays 
a central role in chemotaxis, promoting the expression of 
matrix metalloproteinase-9, which helps tumor cell migration 
by degrading the extracellular matrix (71). In addition, 
activation of MEK/ERK and JAK/STAT pathways further 
regulates gene expression and promotes cancer cell migration 
(72-74). CCL2 also enhances migration of multiple tumor 
cells through Smad3 and MAPK signaling (75). Overall, 
the CCL2/CCR2 signaling pathway affects the biological 
behaviors of tumor cells, such as survival, proliferation, and 
migration, and thus cancer development and progression, 
by regulating multiple downstream signaling pathways (76). 
This pathway could be one of the potential targets for the 
treatment of cancer, and its blockade may help to inhibit 
cancer development and metastasis.

BMAs and hematological cancer therapy

Chemotherapy resistance

There is a close relationship between BMAs and chemotherapy 
resistance in hematological tumor cells. The differentiation 
and maturation of BMAs comprise a dynamic process, 
which is accelerated after stimulation by external damaging 
signals, such as chemotherapy. By physically blocking 

and/or secreting cytokines, adipocytes enriched in the 
bone marrow protect cancer cells from the cytotoxicity of 
chemotherapeutic drugs (77). In ALL patients, adipocytes 
can secrete stromal cell-derived factor-1α, which was found 
to bind to chemokine C-X-C motif receptors (CXCRs) on 
cancer cells, thereby inducing cytoskeletal remodeling and 
migration to adipose tissue (78). Moreover, adipocytes can 
reduce the cytotoxic effect of chemotherapeutic drugs on 
ALL cells, leading to drug resistance, by physically blocking 
the lipophilic vincristine or by catabolizing erythromycin. 
Adipocytes can also secrete cytokines to protect leukemia 
cells. ALL cells, which exhibit accelerated production of 
intracellular reactive oxygen species, were found to promote 
the secretion of cytokines by adipocytes in response to 
oxidative stress, which would in turn protect the tumor cells 
from cytotoxicity and radiotoxicity (79).

Similarly, by regulating the growth and apoptosis of 
tumor cells, adipocytes can also induce drug resistance. 
Adipocytes were found to lead to cancer cell resistance to 
vincristine, nilotinib, and zofranil by reducing apoptosis and 
regulating the cell cycle in ALL cells. Moreover, In AML, 
Shafat et al. report that AML blasts cocultured with BMA 
show reduced apoptosis and enhanced proliferation (19). 
Thus, adipocytes not only physically block the cytotoxicity 
of chemotherapeutic drugs but also alter the balance of 
apoptotic signals, increase the expression of pro-survival 
signals, and ultimately lead to drug resistance in cancer 
cells, thereby increasing the risk of treatment failure (80).

Targeted therapy

Although hematological oncology chemotherapy has 
achieved better clinical outcomes, refractory disease, and 
recurrence remain the main causes of death in patients with 
cancer. BMAs are closely associated with the occurrence and 
progression of hematologic tumors; therefore, targeting the 
signaling pathways connecting these two cellular entities, 
such as targeting lipolysis and the oxidative utilization 
of fatty acids, blocking the energy sources of tumors, 
or regulating the expression/activity of adipocytokines, 
might represent valuable strategies for the treatment of 
hematological tumors (81).

Inhibitors of lipid metabolism
Fatty acid oxidation mechanisms are a potential therapeutic 
target for cancer. In the bone marrow microenvironment, 
tumor cells take up FFAs to provide energy for cell growth via 
mitochondrial β-oxidation. Cholesterol is thought to promote 
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tumor cell proliferation, migration, and invasion (82).  
Moreover, a study investigating lipid metabolism-targeted 
therapy in CLL revealed that FFAs can increase the metabolic 
rate of CLL blastocysts and cause resistance to cytotoxic 
drugs (83). In contrast, FABP4 inhibitors reduce the transfer 
of FFAs between BMAs and leukemia cells; thus, FABP4 
could be a potential target to inhibit the proliferation of 
leukemia cells and improve patient survival outcomes (19). 
Additional study also showed that lipase and phospholipase 
are overexpressed in CLL cells, with the lipase inhibitor 
orlistat promoting the apoptosis of leukemia cells by 
preventing intracellular phospholipase-related signals (84). It 
was found that dexamethasone is effective for the treatment 
of CLL. By increasing the expression of PPARα and pyruvate 
dehydrogenase kinase subtype 4, dexamethasone can make 
CLL cells more dependent on FFA β-oxidation (85). Of 
note, inhibitors of PPARα and fatty acid oxidase increase 
dexamethasone-induced apoptosis in CLL cells in vitro and 
the clearance rate of CLL cells in vivo (83).

Study of targeted therapies related to AML lipid 
metabolism have demonstrated that the PPARγ agonist 
GW1929 promotes BMA production, inhibits AML cell 
growth, and improves bone marrow hematopoiesis (86). 
Moreover, an investigation of the role of IDH1 mutations 
associated with lipid metabolism in AML cells showed that 
2-hydroxyglutaric acid, a metabolite of mutant IDH1, was 
beneficial for adipogenesis and fatty acid oxidation, which 
in turn promoted the survival and metastasis of leukemia 
cells. Thus, this underlying mechanism could be a potential 
therapeutic target for leukemia patients harboring an 
IDH1/2 mutation (87).

Inhibition of fatty acid oxidative phosphorylation might 
have a synergistic killing effect on leukemia cells when 
applied in combination with conventional chemotherapy or 
targeted therapy. For example, the fatty acid derivative AIC-
47 was shown to reduce the expression of the key enzyme 
for fatty acid oxidation, carnitine palmitoyltransferase 1C 
(CTP1C), and reverse the imatinib-induced activation 
of CPT1C and fatty acid oxidation in chronic myeloid 
leukemia (CML) cells, thus effectively preventing the 
relapse of CML (88). Furthermore, in approximately 50% of 
patients with primary AML, fatty acid oxidation inhibitors, 
such as eamoxel and ranolazine, were shown to reduce 
the number of LSCs in the quiescent phase and increase 
the sensitivity of hematological tumor cells to the Bcl-2 
inhibitor ABT-737. Moreover, when used in combination 
with ABT-737 or cytarabine, fatty acid oxidation inhibitors 
showed therapeutic effects against AML in vivo (89).

Adipocytokine modulators
Targeting adipocytokines might be a new therapeutic 
approach for hematological cancers. Leptin has cancerogenic 
effects and induces chemotherapy resistance via nuclear factor 
(NF)-κB and TGF-β signaling pathways (59,90). Leptin 
antagonists include leptin mutant proteins, leptin peptide 
antagonists, and the leptin peptide receptor antagonists Allo-
aca and D-ser (91-95). For the chemokine CXCL12, CXCR4 
is a specific receptor. The CXCR4 inhibitor AMD3100 was 
found to inhibit the affinity of ALL cells for the adipose 
tissue and also to increase the chemosensitivity of multiple 
myeloma cells (96,97). Moreover, the CXCL12 inhibitor 
NOX-A12 was found to increase the chemosensitivity of 
CLL cells (98). L-4F is an apolipoprotein analogue that 
increases lipocalin levels and has therapeutic effects in 
myeloma. Notably, the visceral lipocalin inhibitor APO866 
was shown to induce apoptosis and restrain the proliferation 
of myeloma cells (99). In addition, adipocytes can mediate the 
inhibition of protein biosynthesis in ALL cells, and the stress-
response kinase inhibitor GCN2iB can reduce adipocyte-
mediated translational repression, activate quiescent ALL 
cells, and impair the protective effect of adipocytes on cancer 
cells (100).

Conclusions

In summary, adipocytes are a vital part of the bone marrow 
microenvironment, influencing the occurrence and 
progression of hematological cancers. By reprogramming 
lipid metabolism and the secretion of various adipocytokines, 
BMAs can influence the proliferation, apoptosis, and 
chemotherapy resistance of cancer cells. Therefore, targeting 
lipid metabolism and adipocytokines, based on the pathways 
of mediating crosstalk activity between cancer cells and 
BMAs, has the potential to be an important therapeutic 
approach to inhibit cancer progression, avoid chemotherapy 
resistance, and improve the overall outcomes of patients with 
hematological cancers.
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