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Abstract: Osteosarcoma (OS) is the most common primary bone tumor in children and adolescents. It is an aggressive tumor
with a tendency to spread to the lung, which is the most common site of metastasis. Patients with advanced OS with metastases
have poor prognoses despite the application of chemotherapy, thus highlighting the need for novel therapeutic targets. The
tumor microenvironment (TME) of OS is confirmed to be essential for and supportive of tumor growth and dissemination. The
immune component of the OS microenvironment is mainly composed of tumor-associated macrophages (TAMs). In OS, TAMs
promote tumor growth and angiogenesis and upregulate the cancer stem cell-like phenotype. However, TAMs inhibit the
metastasis of OS. Therefore, much attention has been paid to investigating the mechanism of TAMs in OS development and the
progression of immunotherapy for OS. In this article, we aim to summarize the roles of TAMs in OS and the major findings on
the application of TAMs in OS treatment.
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1 Introduction

Osteosarcoma (OS) is an aggressive tumor that
occurs mainly in children and young adults. OS treatment
strategies include chemotherapy and surgery, which
provide 75% of patients with 5-year nonmetastatic
disease survival. However, the 5-year survival rate
for patients with metastatic disease is less than 30%
(Danieau et al., 2019). In recent decades, various new
drugs and treatment methods have been used to treat OS,
but the overall survival rate of patients with metastatic
disease has not been effectively improved (Whelan and
Davis, 2018). At present, research on the molecular level
of OS is focused on finding potential therapeutic targets.

The tumor microenvironment (TME) of OS is a very
specialized, complex, and highly dynamic environment
that is composed of numerous components, such as
bone cells, mesenchymal stromal cells (MSCs), vascular
cells, macrophages, and extracellular matrix (ECM)

(Corre et al., 2020). The bone cells, vascular cells, and
MSCs communicate with each other, which ensures
bone homeostasis in a normal physiological state
(Heymann et al., 2019). However, tumor cells can
take advantage of the bone physiological microenviron‐
ment to survive and grow. OS and the TME act upon
each other through multiple cytokines, chemokines,
and soluble growth factors (Alfranca et al., 2015).

The immune component of the OS microenviron‐
ment is mainly composed of tumor-associated macro‐
phages (TAMs) (Inagaki et al., 2016). TAMs promote
OS development and progression via multiple path‐
ways, by activating and protecting cancer stem cells
(CSCs) and promoting angiogenesis. However, it is
noteworthy that although TAMs have been shown to
inhibit OS metastasis in previous studies, there have
been no studies showing the mechanism. The purpose
of this review is to summarize the roles of TAMs in
OS and the major findings regarding the utilization of
TAMs in OS treatment.

2 TAMs

Macrophages can engulf and digest foreign sub‐
stances and also clear harmful matters such as tumor
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cells. Based on the conditions of the internal environ‐
ment, such as the presence of chemokines, cytokines,
and other factors secreted by tumor cells, MSCs, and
immune cells, and the presence of local anoxia, in‐
flammation, or high levels of lactic acid, monocytic
cells in the blood are recruited to the TME and be‐
come TAMs (Lopez-Yrigoyen et al., 2020). Numerous
studies have reported that TAMs have a close relation‐
ship with tumor development and always suggest a
poor prognosis for patients with malignancies such as
human breast, gastric, liver, oral, ovarian, bladder,
and thyroid cancers, non-small-cell lung carcinoma
(NSCLC), and Hodgkin’s lymphoma (Zhang et al., 2012;
Yin et al., 2017; Zhao et al., 2017; Tian et al., 2019).

TAMs are induced to polarize into M1 and M2
types by the local microenvironment (Fig. 1); stimuli
such as lipopolysaccharide (LPS) and interferon-γ
(IFN-γ) could induce TAMs to polarize into M1 type.
Interleukins (IL-1, IL-12, and IL-23), reactive oxygen
species (ROS), and nitric oxide (NO) are highly
expressed in M1-type TAMs. In contrast, IL-4 and
IL-10 are expressed at low levels. In the TME, M1-type
TAMs show strong antigen presentation abilities,
which mainly serve to kill phagocytosed bacteria,
viruses, and tumor cells, thereby inhibiting the
occurrence and development of tumors. IL-4 or IL-10
could promote the polarization of TAMs to the M2
type. M2-type TAMs exhibit high expression of
IL-10, the scavenger receptor cluster of differentiation
163 (CD163), and the mannose receptor CD206; they
also exhibit low expression of IL-12 and IL-23.
M2-type TAMs have weaker antigen presentation
capabilities than M1-type TAMs and play important

roles in tissue repair, immunosuppression, and tumor
growth promotion (Xuan et al., 2015). It is worth noting
that M2-type TAMs are further divided into four major
subtypes based on their roles (M2a, M2b, M2c, and
M2d). M1- and M2-type TAMs are just two extreme
polarizations of TAMs; this classification has been used
in recent studies and reviews (Gensel and Zhang, 2015).

Because TAMs affect various aspects of cancer
progression, these cells are a new target for clinical
therapeutic research. In addition, an increasing number
of studies have shown that a high density of TAMs is
associated with poor prognosis and positively correlated
with the proliferation of a variety of cancer cells
(Bingle et al., 2002; Han et al., 2019; Tiainen et al.,
2020). By reducing the number of macrophages in
tumor tissue, for example by blocking the recruitment
of monocytes or clearing TAMs already present in
tumor tissue, the growth of the primary tumor and the
number of metastatic sites could be significantly
reduced. In addition, attempts have been made to
reprogram TAMs into inflammatory M1 macrophages,
neutralize the tumor-associated products of TAMs,
and use TAMs to introduce anticancer drugs into the
tumor environment (Ngambenjawong et al., 2017).
Thus, there is still much research potential for TAM-
centered treatment strategies.

3 TAMs in OS

3.1 Effect of TAMs on OS growth

In most malignancies, TAMs are the M2 type,
and can directly or indirectly promote tumor cell

Fig. 1 TAM polarization and the function of M1-type and M2-type TAMs. TAM, tumor-associated macrophage;
M1, M1-type TAM; M2, M2-type TAM; IL, interleukin; LPS, lipopolysaccharide; IFN, interferon; ROS, reactive
oxygen species; NO, nitric oxide; NF-κB, nuclear factor-κB; CD, cluster of differentiation.
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growth by secreting growth factors such as epidermal
growth factor (EGF) (Klämbt, 2000; Lim et al., 2018).
M2-type TAMs can promote endometrial cancer cell
proliferation by upregulating the expression of cyclin
D1 and inhibit breast cancer cell apoptosis by promoting
B-cell lymphoma-2 (Bcl-2) expression (Hu et al.,
2015; Yang et al., 2015). In OS, both M1- and M2-type
TAMs are involved in tumor growth. Inducible nitric
oxide synthase (iNOS, an M1-polarized macrophage
marker) and CD163 (an M2-polarized macrophage
marker) have been found to be correlated with the mi‐
totic index, and CD163+ TAMs have been experimen‐
tally demonstrated to cause enhanced T cell depletion
in OS patients (Dumars et al., 2016; Han et al., 2016).
The recruited macrophages at the OS site were M2-
type TAMs, which was demonstrated by implanting
human OS into a mouse model. Moreover, tumor
growth was decreased when these TAMs were deleted
with specific macrophage-eliminating liposomes (Xiao
et al., 2014). These experiments indicate that M2-type
TAMs promote the development of OS. The M2-type
polarization of TAMs is regulated by long noncoding
RNAs (lncRNAs). LncRNA RP11-361F15.2 further
affects the growth of OS cells by promoting develop‐
ment of cytoplasmic polyadenylation element-binding
protein 4 (CPEB4) -mediated OS and M2-like polar‐
ization of TAMs in OS through miR-30c-5p. This
RP11-361F15.2/miR-30c-5p/CPEB4 loop is a potential
therapeutic strategy for the treatment of OS (Yang
et al., 2020). However, IL-10-induced polarization
of M2-type TAMs also inhibited OS cell growth when
OS cell lines were cultured with cetuximab. Therefore,
it is believed that M2-type TAMs may also inhibit the
growth of OS under the action of some factors. M1-
type TAMs polarized by lipid cell wall tripeptide to‐
gether with IFN-γ could also inhibit OS cell growth
(Pahl et al., 2014).

The growth of OS is regulated by a variety of
signal transduction pathways and molecules. Eukaryotic
translation elongation factor 1 delta (EEF1D) is highly
expressed in OS and promotes proliferation of OS by
promoting the protein kinase B (Akt)-mammalian target
of rapamycin (mTOR) and Akt-Bad signaling pathways
(Cheng et al., 2018). The phosphoinositide-3-kinase
(PI3K)/Akt signaling pathway plays an important
role in OS cells and the lncRNA LINC00628 can in‐
hibit proliferation, invasion, and migration of OS cells
by inactivating this pathway and promoting apoptosis

(He et al., 2018). However, the mechanism of the
effect of TAMs on OS growth needs to be studied
further.

3.2 Effect of TAMs on angiogenesis in OS

TAMs secrete vascular endothelial growth factor
(VEGF), tumor necrosis factor-α (TNF-α), IL-8, other
proangiogenic factors, and various chemokines, in‐
cluding chemokine (C-X-C motif) receptors (CXCR2,
CXCR4, and CXCR12), chemokine (C-X-C motif)
ligands (CXCL3, CXCL4, and CXCL8–CXCL10),
and chemokine (C-C motif) ligands (CCL2–CCL5).
In addition, TAMs can secrete matrix metalloproteinases
(MMPs), disrupt vascular stability, and induce tumor
migration and metastasis (Rahma and Hodi, 2019).
Studies have found these effects in a variety of malig‐
nant tumors, including glioblastoma (Peterson et al.,
2016), breast cancer (Osinsky et al., 2011), and
gastric cancer (Wu et al., 2012). Hypoxia is the main
driving force for angiogenesis, and macrophages cover
the hypoxic area of the tumor. Also, hypoxia inducible
factor-1 (HIF-1) can redirect macrophages to tumor
cells. TAMs regulate tumor angiogenesis by promoting
the expression of VEGF in tumor tissues, which is an
important factor associated with poor patient prognosis.
In addition, HIF-1 can promote VEGF transcription
(Lewis and Hughes, 2007; Murdoch et al., 2008). In
breast cancer in which the HIF-1α gene was knocked
out, TAMs were polarized toward the M2 type, but
the angiogenic capacity of the tumor tissue was di‐
minished (Werno et al., 2010). These findings require
further study. In the OS microenvironment, IL-34
can enable M2 macrophages to accumulate in OS tis‐
sues and promote OS angiogenesis (Ségaliny et al.,
2015). There have been few relevant studies of TAMs
in OS neovascularization, and the mechanism should
be further investigated.

Angiogenesis in OS is regulated by a variety of
growth factors and signaling pathways. Li et al. (2019)
found that overexpression of prolyl-hydroxylase-4
promotes endothelial cell neovascularization by stimu‐
lating transforming growth factor-β (TGF-β) expression
in OS cells. Furthermore, the chemokine CCL5 increases
VEGF expression via the protein kinase C δ (PKCδ)/
c-Src/HIF-1α signaling pathway, promoting VEGF-
dependent tumor angiogenesis in OS (Li et al., 2019).
Therefore, VEGF is the most important influencing
factor associated with OS angiogenesis. Infiltrating
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TAMs in OS tissues may induce OS neovascularization
by promoting VEGF expression, a hypothesis which has
not yet been experimentally investigated.

3.3 TAMs and OS metastasis

Tumor metastasis refers to the process in which
a tumor expands to other sites distant from the primary
tumor through various routes such as lymphatic vessels,
blood vessels, or directly spreading and continuing to
grow. Macrophages are present in large numbers in
metastatic tumor lesions (Joyce and Pollard, 2009),
and their roles in metastasis have gradually been
recognized in recent years. Epithelial-mesenchymal
transition (EMT) is the initial stage of tumorigenesis
and metastasis (Liu et al., 2020). TAMs, MMP2,
MMP7, and MMP9 released by tumor cells can degrade
the matrix and induce the migration of tumor cells
(Binnemars-Postma et al., 2018; Perry et al., 2018;
Hegab et al., 2019). During tumor metastasis, TAMs
degrade the ECM by upregulating MMP levels, and
stimulate EMT by activating a variety of signal
transduction pathways. Among them, M2-type TAMs
activate the growth arrest-specific gene 6 (Gas6)/Axl-
nuclear factor-κB (NF-κB) signal transduction pathway,
promote EMT, and induce oral cancer metastasis (Lee
et al., 2014). CCL18, a common chemokine released
by M2 macrophages, is related to the proliferation and
invasion phenotype of tumor cells. In breast cancer,
M2-type TAMs can secrete the chemokine CCL18,
which downregulates microRNA-98 (miRNA-98) and
miRNA-27b gene expression, thus activating EMT
and promoting metastasis (Lin et al., 2015).

Macrophages are highly plastic and can be polarized
into M1 and M2 types in response to different stimuli.
Imbalance of the M1/M2 ratio is a pathological sign
of many inflammatory diseases, and has an important
relationship with tumor prediction, metastasis, and
prognosis (Jayasingam et al., 2020). Generally, highly
infiltrating TAMs in most malignancies are mainly
M2-type cells and can promote tumor metastasis.
However, in high-grade OS, TAMs have the character‐
istics of both M1- and M2-type cells, and the higher
the number of these M1/M2-type TAMs, the lower
the probability of metastasis in OS patients and the
longer the survival time, suggesting that TAMs that
inhibit OS metastasis may be mainly characterized as
M1-type TAMs (Buddingh et al., 2011). In nonmeta‐
static OS, M1-type TAM infiltration is significantly

increased compared with that in metastatic OS. CD146+

cells are significantly increased in metastatic OS, and
CD163+ M2 macrophages are positively correlated with
CD146+ cells (Dumars et al., 2016). These results
indicate that M1-type TAMs inhibit OS metastasis,
while M2-type TAMs promote OS metastasis by ex‐
pressing cellular factors. This effect may therefore be
accompanied by a shift in the TAM phenotype during
OS development.

In addition, TAMs promote OS cell migration and
invasion by upregulating cyclooxygenase-2 (COX-2),
MMP9, and phosphorylated signal transducer and
activator of transcription-3 (p-STAT3); Han et al. (2019)
observed that in OS cells co-cultured with TAMs,
overexpression of COX-2 increased the expression of
p-STAT3, which further promoted OS cell metastasis.
However, no relationship has been found with TAM
polarization, so this aspect requires further investiga‐
tion and exploration.

3.4 Upregulation of the cancer stem cell-like pheno‐
type by TAMs in OS

In the context of tumors, CSCs exhibit self-
renewal and plasticity, as well as the ability to recon‐
stitute heterogeneous tumor cell populations. CSCs
have been found in various human cancers, such as
breast, brain, colon, and pancreatic cancers, head and
neck cancers, and melanoma (Bighetti-Trevisan et al.,
2019). CSCs exhibit high metastatic potential and are
resistant to traditional anticancer therapies. The resis‐
tance mechanism conferred by CSCs is mainly caused
by factors such as cell quiescence, accumulation of
adenosine triphosphate (ATP)-binding cassette (ABC)
transporters, disruption of apoptosis, epigenetic repro‐
gramming, and metabolism (Talukdar et al., 2016).
CSCs were first isolated from OS in 2005, and sur‐
face markers unique to mesenchymal stem cells, such
as CD133, CD177, and Sro-1, were highly expressed
in CSCs (Gibbs et al., 2005; Brown et al., 2017). The
CSC-like phenotype in OS is regulated by multiple
pathways. The TGF-β1 and Notch signal transduction
pathways can upregulate the CSC-like phenotype of
OS, while the Wnt signal transduction pathway can
inhibit upregulation of the CSC-like phenotype of OS
(Yan et al., 2016). In OS cells, M2-type TAMs upregu‐
late CSC markers (CD133, CXCR4, Nanog, and
Oct4) by increasing OS cell numbers (Shao et al.,
2019).
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In most malignancies, TAMs promote CSC-like
phenotype upregulation through different signal trans‐
duction pathways (Wan et al., 2014). One of the TGF-β1
signal transduction pathways is important in promoting
the upregulation of the CSC-like phenotype in hepato‐
cellular carcinoma, and TAMs induce EMT and upregu‐
late the CSC-like phenotype by activating TGF-β1 (Fan
et al., 2014). In addition, TAMs can also upregulate
CSC-like phenotypes such as Scal-1 and ABCG2 by
regulating the EGF receptor (EGFR)/STAT3/SRY-
related HMG box-2 (SOX-2) signal transduction path‐
way (Balanis and Carlin, 2017). Therefore, it is also
possible that TAMs in OS promote EMT and upregu‐
late CSC-like phenotypes by activating signal trans‐
duction pathways. The mechanism by which TAMs
upregulate the CSC-like phenotype of OS and the
effect of CSCs on the polarization of TAMs in OS are
not yet known.

3.5 Utilization of TAMs in OS treatment

In recent years, with the mechanistic study of
TAMs and tumor progression, TAM-centered treatment
regimens have received much attention. TAMs can
produce two opposing effects during cellular chemo‐
therapy and radiotherapy, both antagonizing antitumor
activity by coordinating tumor promotion and tissue
repair responses and promoting antitumor effects (Man‐
tovani et al., 2017). Previous studies have shown that
effective TAM-centered treatments include converting
TAMs in the TME to M1-type TAMs, neutralizing
the original tumor products of TAMs, introducing
anticancer drugs into the tumor environment using
TAMs, blocking the recruitment of monocytes in tumor

tissues, and reducing the number of TAMs in tumors
(Ngambenjawong et al., 2017). However, there have
been few studies on TAMs for immune-targeted
OS therapy.

A variety of chemical drugs have been found to
inhibit the growth and metastasis of OS through
TAMs (Table 1) (Uehara et al., 2019). Mifamurtide is
an effective immunomodulator and has been approved
in Europe for the treatment of nonmetastatic OS.
Moreover, mifamurtide can inhibit cellular prolifera‐
tion and induce OS differentiation by switching mac‐
rophage polarization toward a TAM-like intermediate
M1/M2 phenotype (Punzo et al., 2020). Metformin
can induce a reduction in myeloid-derived suppressor
cells (MDSCs) and the transition of M2-type TAMs
to M1-type TAMs in the TME, inhibiting the growth
of OS (Uehara et al., 2019). Esculetin prevents adverse
effects as well as the growth and metastasis of OS to
the lung and liver through dual effects, inhibiting the
differentiation of M2-type TAMs and abrogating the
prevention of G1 cell cycle progression in tumor cells
(Kimura and Sumiyoshi, 2015). Resveratrol and 2,3-
and 4,4'-dihydroxystilbenes inhibit lymphangiogenesis
by regulating the activation and differentiation of
M2-type TAMs, ultimately inhibiting OS development
and metastasis (Kimura and Sumiyoshi, 2016; Kimura
et al., 2016). It was found that all-trans retinoic acid
(ATRA) inhibited OS metastasis by inhibiting the M2
polarization of TAMs, and inhibited the colony-forming
ability and replication of OS cells promoted by M2-type
TAMs. The effects of ATRA are not dependent on the
conventional M2-like polarized STAT3/6 or CCAAT/
enhancer-binding protein β (C/EBPβ) signaling that
regulates macrophages. On the other hand, ATRA

Table 1 Summary of the TAM-centered functions of chemical drugs in OS

Chemical drug
Mifamurtide

Metformin

Esculetin

Resveratrol

2,3- and 4,4'-
dihydroxystilbenes

ATRA

TAM-centered function
Switching macrophage polarization towards a

TAM-like intermediate M1/M2 phenotype
Inducing reduction of myeloid-derived

suppressor cells and transition of
M2-type TAMs to M1-type

Inhibiting differentiation of M2 macrophages in
TAM and inhibiting prevention of G1 phase

Regulating activation and differentiation of
M2-type TAM

Regulating activation and differentiation of
M2-type TAM

Inhibiting M2 polarization of TAM

Role in OS
Inhibiting cellular proliferation and

inducing OS differentiation
Inhibiting growth of OS

Inhibiting growth and metastasis of
OS to the lung and liver

Inhibiting development and
metastasis of OS

Inhibiting development and
metastasis of OS

Inhibiting colony-forming and
division-forming ability of OS cells

Reference
Punzo et al., 2016

Uehara et al., 2019

Kimura et al., 2015

Kimura and
Sumiyoshi,
2016

Kimura et al., 2016

Zhou et al., 2017;
Shao et al., 2019

OS, osteosarcoma; TAM, tumor-associated macrophage; ATRA, all-trans retinoic acid.
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significantly reduced the number of enhanced CSC
markers (CD133, CXCR4, Nanog, and Oct4) (Zhou
et al., 2017; Shao et al., 2019). These results indicate
that ATRA is a chemical drug that can be used to treat
OS by preventing M2 polarization of TAMs. The
current study suggested a positive role for TAMs in
the treatment of OS. TAMs can be applied in clinical
practice as tools for adjuvant cell therapy and immu‐
notherapy, and there is still a great deal of research
potential for TAM-centered treatment strategies.

4 Conclusions

TAMs play an essential role in promoting OS
growth and angiogenesis and in upregulating the OS
cancer stem cell-like phenotype. The mechanisms of
the latter two effects need more research. However,
unlike other tumors, M1-type TAMs inhibit metastasis
of OS. Reducing TAMs by various methods in order
to inhibit the occurrence and development of OS is
currently a research hotspot. Research on the role of
TAMs in OS is still in the initial stage and faces many
challenges. What is the major phenotype of TAMs in
OS and is it related to the OS stage and differentiation
degree? How does the OS microenvironment affect
the TAM phenotype and what is the interaction mech‐
anism between TAMs and OS? These and other similar
questions call for supplementary studies and further
experimentation.
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