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Abstract. Multiple myeloma (MM) is characterized by the 
accumulation of monoclonal plasma cells in the bone marrow 
(BM). The interaction between the BM microenvironment 
and MM plasma cells can influence cell proliferation, drug 
resistance and prognosis of the disease. The BM microen-
vironment (BMME) consists of a cellular and non‑cellular 
compartment. The cellular compartment includes stromal 
cells, endothelial cells, osteoclasts and osteoblasts, and the 
non‑cellular compartment includes the extracellular matrix 
(ECM) and the liquid milieu, which contains cytokines, 
growth factors and chemokines. The complex interaction 
between the BM microenvironment and MM plasma cells 
influences disease development and prognosis. The present 
review focuses on the interaction between malignant 
plasma cells and the BM microenvironment during MM 
progression. An improved understanding of the interaction 
between MM plasma cells and their microenvironment will 
enable the development of novel therapeutic tools that can 
be used in the treatment of MM, a currently incurable blood 
cancer.

Contents

1.	 Introduction
2.	 The bone marrow microenvironment
3.	 Conclusion

1. Introduction

Multiple myeloma (MM) is the second most common haema-
tological malignancy worldwide. However, MM is incurable 
for the majority of patients (1). Malignant plasma cells expand 
in the bone marrow, in which they constantly develop, acquire 
resistance to apoptosis and eventually cause patients to exhibit 
symptomatic MM (CRAB: High calcium, renal impairment, 
anemia and bone lesions) (2). In most cases, MM is preceded 
by an asymptomatic premalignant disease known as monoclonal 
gammopathy of undetermined significance (MGUS) (3). It has 
been reported that ~2% of the population over the age of 50 are 
affected by MGUS, with 1% of cases progressing to MM every 
year (4).

MM acts as osteolytic bone metastasis, and this behavior 
differs from that of other hemotologic malignancies that infil-
trate the bone marrow. The bone marrow is a semi‑solid tissue 
that occupies cavities within spongy or cancellous bone. Bone 
marrow is composed of interstitial cells and blood vessels that are 
associated with haematopoiesis, bone marrows primary func-
tion (5). The bone marrow microenvironment (BMME), which 
is also known as the bone marrow niche, consists of a cellular 
and non‑cellular component. The cellular component includes 
stromal cells, endothelial cells, osteoclasts (OCs), osteoblasts 
(OBs) and immune system cells, and the non‑cellular compo-
nent includes the extracellular matrix (ECM) and liquid milieu, 
which contains chemokines, cytokines and growth factors (6). 
The BMME has been previously demonstrated to be a scaffold 
for haematopoietic stem and progenitor cells (HSPCs) (7‑9). 
Further studies (10‑12) have reported that the BMME serves 
an important role in haematopoiesis and in neoplastic disease. 
The stability of the BMME is essential for the maintenance 
of normal cell proliferation, differentiation, metabolism and 
mobilization. An abnormal BMME has been revealed to lead 
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to cell lesions or tumorigenesis. An abundance of research has 
been undertaken into elucidating the biological features of MM, 
and the association with the BMME (13,14). It can be concluded 
from these studies that the BMME serves a key role in the differ-
entiation, proliferation and drug resistance of malignant plasma 
cells. These studies also provide preclinical evidence that MM 
cells and bone marrow stromal cells (BMSCs) can be targeted 
as antitumor strategies and used in disease treatment (15). The 
present article elaborates on the complex interaction that exists 
between the BMME and MM.

2. The bone marrow microenvironment

Cellular compartment
Bone marrow stromal cells (BMSCs). The components of 
the BMME, especially the BMSCs and the extracellular 
matrix (ECM) proteins, serve a key role in the pathogenesis 
of MM (16) (Fig. 1). The adhesion that occurs between MM 
plasma cells and both BMSCs and ECM proteins has been 
well‑established. These adhesions can influence the growth, 
proliferation, invasion and drug resistance of MM cells and 
cause angiogenesis and lytic bone lesions (13,17). The very late 
antigen 4 (VLA‑4), which is located on the MM plasma cell 
surface, mediates the binding between tumor cells and ECM 
proteins, including type I collagen and fibronectin, and can 
bind to BMSC vascular cell adhesion molecule‑1 (VCAM‑1). 
The tumor cells that adhere to BMSCs can stimulate numerous 
pathways, and result in the upregulation of cytokines, which 
regulate the cell, and antiapoptotic proteins (18), including 
interleukin‑6 (IL‑6), RANKL and Activin A  (19,20). The 
interaction between MM and BMSC cells can be mediated via 
the Notch‑signaling pathway. The notch‑signaling pathway in 
MM and BMSCs can be stimulated by the interaction with 
Notch‑Notch ligand, and can lead to the secretion of IL‑6, 
vascular endothelial growth factor (VEGF) and insulin‑like 
growth factor 1 (IGF‑1). Additionally, the adhesion of MM 
cells to BMSCs also induces NF‑κB‑dependent transcription 
and IL‑6 secretion. IL‑6 promotes MM cell production and 
secretion of VEGF, and regulates malignant plasma cell apop-
tosis and OC differentiation (21). Conversely, the inhibition of 
NF‑κB activity abrogates this response (22). It has been previ-
ously demonstrated that in patients with MM, exosomes may 
be released by BMSCs and transferred to MM cells, leading to 
MM progression and the induction of drug resistance (23,24). 
Recently, a study has demonstrated that MM exosomes that 
are derived from BMSCs can promote BMSC growth and 
angiogenesis by modifying the BM microenvironment. This 
modification can increase MM cell proliferation, disease 
progression and interfere with drug resistance (25). Although 
the specific mechanism governing this remains unclear, these 
findings revealed that cell exosomes may be associated with 
the intercellular transfer of genetic information in clonal 
plasma cell disorders (24). Understanding MM cell exosomes 
and their associated miRNA may enable the discovery of a 
novel therapeutic strategy for the treatment of MM.

Angiogenesis and endothelial cells. BM angiogenesis is 
considered to indicate MM progression (6). BM samples from 
patients with MM have demonstrated that angiogenesis serves 
an important role in MM pathogenesis (26). BM angiogenesis 

is assessed using measurements of microvessel density 
(MVD). These results are compared with patients who have 
inactive disease or MGUS as MVD has been demonstrated to 
consistently increase in patients with progressive MM (27). 
In the BM, a mutual interaction of cells, cytokines and 
growth factors exists inside an intricate ecosystem, in which 
pericytes and endothelial cells survive and proliferate with 
fibroblasts, inflammatory cells and hematopoietic stem cells. 
The growth of malignant cells in the BM has been revealed 
to disrupt this balance, resulting in an increase in vascularity 
and tumor progression (28). The release of pro‑angiogenic 
cytokines/molecules, including VEGF, basic‑fibroblast growth 
factor (bFGF) and the cell surface matrix metalloproteinases 
(MMPs), from malignant plasma cells, BMSC and OCs, 
can cause angiogenesis (29,30). VEGF can stimulate prolif-
eration and chemotaxis in stromal cells via VEGF receptor‑1, 
(VEGFR‑1) and in endothelial cells (ECs) via VEGFR‑2 (31). 
VEGFR‑1 expression is common in MM cell lines and in 
patients with MM. The mutual interaction between VEGF and 
VEGFR‑1 induces MM cell proliferation and facilitates VEGF 
secretion. VEGF enhances angiogenesis and also contributes 
to cell growth and survival by inducing IL‑6 secretion (32). 
VEGF interacts with pro‑angiogenic factor osteopontin (OPN), 
which is secreted by OCs, to induce osteoclastogenic activity 
and enhance vascular endothelial cell angiogenesis (33). OCs 
produce MMP‑9, which has been demonstrated to be respon-
sible for OC‑induced angiogenesis (34). In MM, BM sinusoids 
allow MM cells to receive O2 and nutrients, and contribute to 
the removal of catabolites from the circulation (35). Through 
the paracrine and cell adhesion‑mediated interactions between 
MM cells and BMSCs, elevated BM neovascularization 
promotes MM plasma cell proliferation, survival and drug 
resistance. This occurs when insufficient nutrients and O2 
are delivered to MM cells, which causes the upregulation 
of numerous cytokines associated with angiogenic activity, 
including VEGF and bFGF. This has been supported by 
in vitro data that has demonstrated that the elevated prolifera-
tion of MM cell lines and primary MM cells can be triggered 
by both human umbilical vein endothelial cells, and endothe-
lial cells originating in BM aspirate samples of patients with 
active MM (36).

Osteoclasts (OCs). Normal bone is composed of mineralized 
and organic components. In a normal BM microenvironment, 
osteocytes, OCs and OBs sustain homeostasis by maintaining 
a balance between bone formation and bone resorption. 
Osteocytes constitute the majority of all bone cells, and OCs 
and OBs constitute <10%  (37). The balance between the 
generation of new OBs and OCs is disrupted in MM, leading 
to the rapid development of bone lesions and bone resorp-
tion (38‑40), which are the major primary clinical features of 
this disease (41). Patients with MM exhibit a decreased number 
of live osteocytes due to the presence of bone lesions, which 
may be involved in MM‑induced OC formation (42). Bone 
destruction caused by osteoclast activation usually occurs 
close to MM plasma cells, and not in normal bone marrow. 
A number of cytokines are associated with osteoclast activa-
tion, including RANKL, interleukin‑3 (IL‑3) and MIP‑1a (6). 
IL‑3 expression significantly increases in patients with MM, 
and this can upregulate OC activity and inhibit osteogenic 
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protein‑2 (bone morphogenetic protein‑2), which subsequently 
inhibits OB differentiation (43,44). OCs produce OPN and 
IL‑6, and the adhesion of OCs to MM plasma cells has been 
demonstrated to increase IL‑6 production, a key growth factor 
involved in MM progression  (45). Osteoclastic resorption 
induces the release of matrix‑bound factors which promote 
the development of MM. This process has been named ‘the 
vicious cycle’ (46). Additionally, as a member of the tumor 
necrosis factor (TNF) family, RANK ligand has been associ-
ated with increased osteoclastogenesis, which is also involved 
with MM. In the bone marrow, the adhesion of MM plasma 
cells and neighboring BMSCs leads to an increase in RANKL 
expression. RANKL binding to its associated receptor 
indirectly increases osteoclast precursor cell activity, which 
increases OC differentiation via the c‑Jun N‑terminal kinase 
pathway and NF‑κB (47). Osteoprotegerin (OPG) is a soluble 
decoy receptor that is attracted to OBs and stromal cells. The 
RANKL and OPG molecules, which are mutually competitive 
receptors, serve an important role in the regulation of bone 
resorption (48). In patients with MM, higher RANKL expres-
sion and decreased OPG is exhibited in the bone marrow 
microenvironment, which leads to increased osteoclast acti-
vation and bone osteolysis. RANKL is the most important 
protein associated with the prolonged survival of MM plasma 
cells. This is due to RANKL inhibiting osteoclast apoptosis. 
It has been previously demonstrated that obstructing RANKL, 
with its soluble form, RANK, can accelerate bone loss and 

regulate tumor pressure in MM animal models (49). Recently, 
it has been reported that OC activity is associated with the 
excitation of resting MM cells in bone marrow. These results 
revealed that OCs may serve an important role in remodeling 
the terminal ‘vicious cycle’, as well as inducing tumor growth 
and increasing the possibility of relapse (50). Therefore, OCs 
are considered to be associated with tumor growth in MM (51).

Osteoblasts (OBs). It is not yet clear what effects osteoblasts 
exhibit on MM cells. In patients with MM, OC proliferation 
and differentiation is inhibited due to bone cell abnormali-
ties (52). Numerous factors are associated with the suppression 
of osteoblast activity and new bone growth, including the secre-
tion of DKK1, soluble Wnt inhibitor frizzled‑related protein 
2 (sFRP‑2) and transforming growth factor‑β (TGF‑β) (53). 
DKK1, a Wnt‑signaling antagonist, is secreted by MM cells 
and is overexpressed in patients with MM who exhibit lytic 
bone lesions (54). A previous study has demonstrated that the 
inhibition of DKK1 can reduce bone resorption and tumor 
burden in a severe combined immunodeficient  11‑rabbit 
(SCID‑rab) myeloma model (55). Additionally, OB differen-
tiation has also been revealed to be suppressed by sFRP‑2, 
which is produced by the majority of MM cells, including in 
RPMI8226 and U266 cell lines (56). A similar effect has been 
indicated subsequent to the induction of osteocyte overex-
pressing sclerostin (SOST) (57). However, intriguing findings 
are emerging in this field of research (58). Whether OBs are 

Figure 1. Interactions between MM cells and the BM microenvironment. In healthy individuals, an equilibrium exists between bone resorption and new bone 
deposition. Osteoblastic differentiation is inhibited by the secretion of Wnt signal inhibitors, DKK1 and sclerostin. OCs are also inhibited by OPG, which is 
secreted by osteocytes. As MM develops, MM cells induce osteoclastogenesis directly via the secretion of MIP‑1α, IL‑6, and indirectly via increased RANKL 
expression in stromal cells. OCs secrete anti‑apoptotic cytokines, including IL‑6, BAFF and APRIL. Endothelial cells also secrete IL‑6, which stimulates MM 
cell proliferation. An increased number of MM cells can promote angiogenesis via the secretion of VEGF. MM, multiple myeloma; BM, bone marrow; DKK1, 
dikkopf1; OCs, osteoclasts, OPG, osteoprotegerin; IL‑6, interleukin‑6; MIP, macrophage inflammatory protein; VEGF, vascular endothelial growth factor.
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inhibitory or supportive in MM has been revealed to depend 
on the source of the MM cells (59). A previous study has indi-
cated that OBs contributed to MM cell survival and growth, 
and also increased osteolysis development, which enhanced 
MM pathogenesis (19). The capacity of OBs to secrete IL‑6 
close to MM plasma cells may result in this phenomenon and 
promote increased bone resorption and MM cell prolifera-
tion (60). It has also been reported that OBs serve a key role 
in activating MM cell survival, and this may be due to the 
release of OPG inhibiting MM cell apoptosis, which is medi-
ated by TNF‑related apoptosis‑inducing ligand (TRAIL) (61). 
Yaccoby et al demonstrated that the majority of MM plasma 
cells obtained from active MM patients, in triple‑cultures 
with OBs+OCs, exhibited fewer viable cells compared with 
cells co‑cultured with OCs and MM plasma cells alone. In 
myelomatous severe combined immunodeficiency (SCID) 
exhibited in mice implanted with fetal human bone (SCID‑hu 
mouse model), OBs were revealed to inhibit tumor growth and 
increase bone mineral density (59). Overall, further research 
is required to determine an efficient method to target OBs and 
alter tumor cell survival and growth. This could be used as a 
novel therapeutic strategy in the treatment of patients exhib-
iting bone disease and tumor growth (46). Future research 
should aim to elucidate the mechanisms behind the interaction 
between OBs and MM plasma cells. Elucidating the mecha-
nisms behind this interaction may support the potential use of 
osteoblastic mediators in the treatment of MM.

Non‑cellular compartment
IL‑6. The association between cytokines, proteolytic enzymes, 
chemokines and adhesion molecules provides survival signals 
that are used in MM plasma cells and are associated with 
the development of MM drug resistance. Among these, IL‑6 
has been reported to serve a key role in a variety of tumor 
activities, including cell migration, invasion, tumor growth, 
apoptosis, angiogenesis, the differentiation of tumor cells and 
inflammation or infection (62,63). IL‑6 was initially cloned as 
a B cell stimulating factor (BSF) and designated interferon β2. 
IL‑6 has been demonstrated to stimulate cytotoxic T cells and 
promote osteoclast precursor cells to differentiate into mature 
and active osteoclasts (64). In fact, the cellular sources of IL‑6 
in MM‑infiltrated bone marrow are highly controversial, with 
their origin usually described as paracrine or autocrine (65). 
Initially, IL‑6 was regarded as an autocrine factor produced 
by certain MM cells. However, the most recent consensus 
opinion is that the BM environment constitutes the main 
source of this cytokine (Fig. 2). Several recent studies have 
also confirmed the paracrine origin of IL‑6 in murine models 
of plasmacytomas and MM (66,67). Frank myeloma cells 
and myeloma progenitors in the BMME have been suggested 
to use two sources of IL‑6 to promote tumor maintenance 
and proliferation in  vivo  (68). Numerous molecules and 
cytokines can upregulate the secretion of IL‑6 derived from 
BMSCs. It has been previously reported that IL‑6 can be 
detected in the supernatant of MM cells using stimulation 
with anti‑CD40 antibody  (69,70). Additionally, IL‑1β has 
also been indicated to be a major cytokine that contributes to 
the production of BMSC IL‑6 via the paracrine loop, which 
promotes the growth and survival of MM cells (71). After 
binding to its receptor (IL‑6R), IL‑6 triggers the activation 

of the PI3K/Akt/mTOR (72‑74) and Ras/Raf/MEK/Erk (35) 
signaling pathways. IL‑6 has also been revealed to serve a key 
role as an MM growth factor by stimulating IL‑6R and trig-
gering the phosphorylation of STAT3 via JAK1 (75). The Janus 
kinase (JAK)‑signal transducer and activator of transcription 
(STAT) pathway was initially revealed to be associated with 
interferon‑α (IFN‑α), IFN‑γ and IL‑6‑mediated downstream 
signaling (76). Blocking the IL‑6R/STAT3 pathway has been 
indicated to induce apoptosis in MM cell line NCI‑H929 (77). 
NF‑κB has been demonstrated to be associated with cytokine‑ 
and adhesion‑mediated IL‑6 upregulation. Therefore, the 
inhibition of NF‑κB can prohibit the secretion of IL‑6 (78). In 
previous studies, it was suggested that the non‑specific inhibi-
tion of IL‑6 could be performed due to its highly pleiotropic 
effects (with drugs including lenalidomide and associated 
immunomodulatory drugs), or IL‑6 could be specifically 
targeted in MM and BMSCs (79). Presently, it is well‑known 
that effective inhibition methods include the use of monoclonal 
antibodies (mAbs) to IL‑6 (siltuximab)  (80‑82) or IL‑6R 
(tocilizumab), or recombinant proteins, which act as IL‑6R 
antagonists (83). Small molecules that inhibit the cellular IL‑6 
signaling pathway or cross‑talked pathways in MM can also 
be used (84). Additional therapeutic treatments are performed 
using compounds, which either block the biochemical pathways 
that promote IL‑6 signaling directly, or activate biochemical 
pathways which can inhibit IL‑6 signaling indirectly (85). The 

Figure 2. The roles of IL‑6 in the BM microenvironment. IL‑6 increases the 
expression of some survival proteins, including Bcl‑2, Bcl‑XL and Mcl‑1, to 
decrease apoptosis in MM cells. IL‑6 also serves a key role in promoting 
metastasis in a number of other organs, including the liver and lung. In MM 
cells, IL‑6 upregulates VEGF via the JAK/STAT‑3 signaling pathway to 
remodel vascular structure and increase angiogenesis. Additionally, IL‑6 
decreases the activity of NK cells by inhibiting the expression of CD80, CD86 
and IL‑12 in dendritic cells. IL‑6 induces MM cell RANKL production and 
inhibits OB differentiation, via MM cell DKK‑1 expression, to enhance bone 
degradation. IL‑6, interleukin‑6; BM, bone marrow; MM, multiple myeloma; 
VEGF, vascular endothelial growth factor; JAK, Janus kinase; STAT, signal 
transducer and activator of transcription; NK, natural killer; OB, osteoblast; 
DKK1, dikkopf1.
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study of mice models is invaluable in providing key evidence 
for the potential preclinical use of IL‑6‑targeted therapies for 
MM treatment.

IGF‑1. Within the past decade, the insulin‑like growth factor 
(IGF) system has been demonstrated to serve a key role in the 
establishment and progression of MM (86,87) (Fig. 3). It has 
been previously reported that IL‑6 inhibition is not sufficient 
to induce effects in MM. Therefore, an increased interest has 
emerged into the IGF system, which can compensate IL‑6 
signaling and may induce the proliferation and survival of 
IL‑6‑independent MM cells (88). This suggests that IGF‑1R 
inhibitors may contribute to the drug resistance exhibited, 
both in  vitro and in  vivo, to well‑known anti‑myeloma 
medicines (89,90). In the extracellular environment, the IGF 
system is composed of six high‑affinity insulin‑like growth 
factor binding proteins (IGFBP1‑6), IGF1, IGF2, IGF‑1R and 
a minor free fraction of total IGF (91). The binding of free 
IGF to its receptor initiates a signaling cascade that results 
in the proliferation and viability of MM cells. In MM, IGF‑1 
is largely available in the BMME due to its secretion from 
BMSCs and OBs. It has been previously revealed that, through 
the activation of IGF‑1R, IGF‑1 serves an important role in 
MM cell growth, increases DNA synthesis and has been 
demonstrated to enhance the survival and proliferation of 
some MM cell lines. However, anti‑IGF‑IR blocking antibody 
use can inhibit the aforementioned effects (92,93). A number 

of studies have indicated that MM cells exhibit high IGF‑1 
and IGF‑1R expression and, through an autocrine cascade, 
IGF‑1/IGF‑1R signaling contributes to the survival, growth 
and drug resistance in MM cells  (86,94). Furthermore, in 
MM cell lines, it has been revealed that autocrine IGF‑1 is an 
important self‑clonogenic growth factor (95). Recent research 
has also demonstrated that IGF‑1 can reverse the inhibition of 
cell proliferation induced by the knockdown of EEN. EEN, an 
endocytosis‑regulating molecule, promotes the proliferation 
and viability of MM cells by stimulating IGF‑1 secretion (96). 
In MM, the role of IGF‑1/IGF‑1R signaling in the inhibition of 
apoptosis and the induction of tumor cell proliferation occurs 
via activation of the PI3K/AKT and MAPK pathways (97). 
Which of these two activities (apoptosis or cell proliferation) is 
initiated depends on which pathway is induced. For example, 
apoptosis can be inhibited by IGF‑IR through the activation of 
the PI3K/AKT pathway, which inhibits the ability of mitochon-
dria to release cytochrome c. Subsequent to this, pro‑apoptotic 
protein BAD is phosphorylated by activated AKT, separated 
from anti‑apoptotic protein Bcl‑2 and sequestered by the 
adaptor protein 14‑3‑3, leading to the inhibition of apoptosis in 
PCM cells (72,98). Additionally, IGF‑1/IGF‑1R is associated 
with MM cell proliferation, including migration, adhesion and 
invasion. These processes differentiate monoclonal malignant 
plasma cells in the BM microenvironment (99). IGF‑1 serves a 
chemo‑attractant role in murine 5T33MM cells and has been 
revealed to enhance cell adhesion to the extracellular matrix 

Figure 3. The roles of IGF‑1 in MM‑specific hallmarks. IGF‑1 serves an important role in the homing process, and moves MM cells from the PB into the BM 
microenvironment. IGF‑1 is also associated with bone disease through the promotion of OC activity and maturation, which subsequently inhibits OB activity. 
Insulin‑like growth factor 1, IGF‑1; MM, multiple myeloma; PB, peripheral blood; BM, bone marrow; OC, osteoclast; OB, osteoblast.
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glycoprotein fibronectin in vitro by activating IGF‑IR down-
stream targets, such as the PI3K/AKT pathway (100). IGF‑1R 
is also upregulated in MM cells subsequent to interaction with 
the BMME (101). It has also been reported that enhanced IGF‑1 
signaling, through increased IGF‑1 secretion and IGF‑1R 
activation, is associated with bortezomib drug‑resistance. This 
resistance may be overcome by inhibiting downstream targets 
such as PI3K and mTOR (90). IGF‑1 signaling promotes the 
activation of AKT. However, the AKT signaling pathway is 
not the sole downstream kinase that can be activated by IGF‑1. 
The MAPK pathway has been revealed to be activated by 
IGF‑1 to promote MM proliferation in six MM cell lines (98). 
Conversely, one study reported that the MAPK pathway could 
only be activated in IL‑6‑dependent MM lines. Numerous 
downstream signaling pathways may also be activated by 
IGF‑1, including the Janus kinase pathway (102). Therefore, 
further research is required to elucidate which additional 
signaling pathways lie downstream of IGF‑1.

VEGF. An increase in BM vascularization has been demon-
strated to be positively associated with an adverse prognosis in 
MM patients (103). New blood vessel growth enhances oxygen 
and nutrient transport to cells and can promote tumor growth. 
VEGF is a highly conservative homodimeric glycoprotein 
with a relative molecular mass of 45 kDa. VEGF is the only 
mitogen that is associated with endothelial cells (104). VEGF 
is a peptide growth factor that belongs to the platelet‑derived 
growth factor (PDGF) superfamily, which exhibits high 
homology across species. VEGF has been previously 
described as a vascular permeability factor (VPF), and is now 
denoted VEGF‑A (105). VEGF serves a key pro‑angiogenic 
role in MM and is induced by MM cells and BMSCs (99). The 
secretion of VEGF can be stimulated by numerous cytokines 
and cell growth factors, including IL‑6, bFGF, TGF‑β and 
tumor necrosis TNF‑α. VEGF serves a role in the formation 
of new blood vessels by binding to its receptors VEGFR‑1 and 
VEGFR‑2. This induces the survival, proliferation, migration 
and differentiation of BMSCs and ECs, through a number of 
signaling pathways, including Ras, GAP, PI3K/Akt, STAT 
and MEK/ERK (103). As aforementioned, angiogenesis is the 
formation of new vasculature from pre‑existing vasculature, 
and has been demonstrated to be essential for tumor growth, 
invasion, and metastasis in a variety of cancer types (106). If the 
pro‑ and anti‑angiogenic balance is broken and angiogenesis is 
favored, MGUS can turn into MM (107‑109). VEGF has been 
revealed to be crucially implicated during osteoclastogenesis 
in MM (110). Research has also revealed that when VEGF 
binds to the VEGFR‑1 receptor, which is expressed in OCs, OC 
cells are stimulated. However, OCs can also be activated indi-
rectly, since MM cells can secrete VEGF subsequent to IL‑6 
stimulation (111). VEGF directly enhances osteoclastic bone 
resorption and the survival of mature OCs (33). Furthermore, 
VEGF is also correlated with high expression and activation 
of adhesion proteins and has been demonstrated to activate 
the secretion of proteases and ECM components, which can 
subsequently remodel ECM structures and modulate tumor 
cell‑tumor cell and tumor cell‑ECM interactions.

Exosomes. In recent years, rising evidence has emphasized the 
role of exosomes in the cross‑talk between MM cells and the 

BMME, and exosomes are now considered to be associated 
with cell to cell communication (24,112,113). Exosomes, a 
sub‑fraction of extracellular vesicles (EVs), range in size from 
30‑100 nm. They transport a large variety of mRNAs, proteins 
and growth factors to target cells, and are secreted either via 
endocytosis, which occurs in MM cells and cells composing the 
BMME, or by direct fusion with the cell membrane (114‑116). 
MicroRNAs (miRNAs), a class of small non‑coding RNAs, 
are transported by exosomes and can suppress target gene 
expression at the post‑transcriptional/translational level via 
hybridization with mRNA transcript sequences (117). It has 
also been reported that exosomes are associated with various 
biological processes, including inflammation, embryonic 
development, hematopoiesis, the immune response and 
tumorigenesis  (118). In MM cells, upregulated miR‑146a 
increases the expression and release of cytokines, including 
IL‑6, CXCL1, IP‑10 and CCL5, which enhance MM cell 
viability and migration (119). miR‑146a has also been demon-
strated to activate numerous signaling pathways, including 
NF‑κB, Notch and JAK/STAT, and in turn, the Notch pathway 
contributes to the secretion of cytokines that are induced by 
miR‑146a  (120). Previous studies have indicated that MM 
cell‑derived exosome treatment can increase the expression 
of OC‑specific markers, including tartrate‑resistant acid 
phosphatase (TRAP), cathepsin K (CTSK) and matrix metal-
lopeptidase 9 (MMP9)  (121). Amphiregulin (AREG), the 
epidermal growth factor receptor (EGFR) ligand, is expressed 
by MM cells and is associated with MM‑derived exosomes, 
which participate in MM‑induced osteoclastogenesis (122). 
AREG arises from the activation of the EGFR pathway and, 
subsequent to MM‑derived exosome treatment, its presence is 
often confirmed by a significant increase in SNAIL mRNA, 
which is a downstream target of EGFR (122). In vitro studies 
have indicated that osteoblast differentiation and functionality 
can be inhibited by exosomes derived from 5TGM1 cells. This 
study also indicated that DKK1 expression was upregulated 
in MC3T3‑E1 cells containing 5TGM1 exosomes  (123). 
Aberrant angiogenesis has been demonstrated to be associ-
ated with exosomes in MM‑infiltrated bone marrow (124). A 
previous study revealed that exosomes that are derived from 
hypoxia‑resistant cells significantly increased angiogenesis, 
and exosomal miR‑135b was considered to be a specific miRNA 
that is associated with chronic hypoxia  (125). Numerous 
animal model studies have demonstrated that exosomes that 
are derived from normal BMSCs are effective in the treat-
ment of cardiovascular disease (126) and kidney injury (127). 
Antitumor drugs, such as doxorubicin, could potentially be 
loaded into liposomes to improve osteosarcoma chemotherapy 
treatment (128). Additionally, liposomal doxorubicin could 
be used in conjunction with bortezomib or dexamethasone 
in the treatment of patients exhibiting MM (129). A recent 
study also revealed that in endothelial cells, miR‑340 can 
inhibit angiogenesis via the hepatocyte growth factor/c‑MET 
(HGF/c‑MET) signaling pathway (130). Therefore, it can be 
expected that additional RNA or protein components that are 
associated with exosomes derived from MM cells or BMSCs 
exist, and are associated with the cell‑cell communication 
among them. Research into exosomes provides important 
insights into the methods by which MM can be promptly 
diagnosed. Exosomal miRNAs, which are derived from young 
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BMSCs, can be utilized in the formation of a novel strategy for 
MM treatment.

3. Conclusion

The present review investigated the strong interaction exhib-
ited between MM cells and the surrounding BMME. The 
present review demonstrated that OBs, OCs, BMSCs and 
immune cells serve key roles in the promotion of MM cell 
growth and survival, inhibit autonomous or drug‑induced 
MM cell apoptosis and therefore contribute to the develop-
ment of osteolysis. Therefore, these cells should be considered 
in research into potential new treatment strategies for MM. 
The more research that investigates the interactions between 
healthy cells in the BMME, the better understanding will be 
gained into how MM disrupts the BMME. The development 
of novel MM treatment targets is ongoing. In recent years, 
the introduction of agents targeting MM cells and their inter-
actions with the BMME, including proteasome inhibitors 
(bortezomib and carfilzomib) and immunomodulatory agents 
(thalidomide, lenalidomide and pomalidomide), has reduced 
mortality in patients with MM. Although bortezomib has 
been indicated to inhibit VEGF, IL‑6 and IGF‑1 secretion in 
BMSC and endothelial cells (36,131), and the OB differen-
tiation and OC apoptosis (132), further elucidation into the 
molecular mechanisms of MM‑bone interactions and the 
MM niche are required to determine novel target approaches 
that exhibit beneficial effects on bone disease and MM tumor 
progression.

Currently, controversy exists as to whether a constant 
disease control approach should be pursued, which impacts 
patient quality of life and overall survival, or whether MM 
should be treated with an aggressive multidrug strategy 
that exhibits a complete recovery. Younger patients with 
poor prognosis may benefit more from the aggressive multi-
drug strategies as these patients are more likely to benefit 
long‑term. However, for elderly, frail or non‑high‑risk 
patients who are newly diagnosed with MGUS, the treat-
ment strategy should be to control the disease. This can 
be done by achieving stable renal function, which exhibits 
stable non‑progression of bone disease, low toxic effects, 
high quality of life and increased survival rate. Future study 
should focus on developing combination therapies for a 
variety of patient subgroups to ensure patients in the low‑risk 
stage or those who do not tolerate concentrated interventions 
will not be overtreated.

In conclusion, MM remains incurable and exhibits a 
complex pathophysiology. The interaction between MM 
plasma cells and BM has been demonstrated to serve a crucial 
role in the pathogenesis and progression of MM. The current 
standard treatment, and the majority of active anti‑MM drugs, 
work against MM cells and BMME. Through targeting these 
diseased cells and their microenvironment, novel treatment 
strategies may be determined that can improve the outcome of 
this incurable blood cancer.
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