
ARTICLE

Inhibition of M2-like macrophages by all-trans retinoic acid
prevents cancer initiation and stemness in osteosarcoma cells
Xue-jing Shao1, Sen-feng Xiang1, Ying-qian Chen1, Ning Zhang2, Ji Cao1, Hong Zhu1, Bo Yang1, Qian Zhou1,3, Mei-dan Ying1 and
Qiao-jun He1

Emerging evidence indicates that M2-polarized tumor-associated macrophages (TAMs) directly participate in tumor initiation,
progression and metastasis. However, to date, few studies have investigated novel strategies for inhibiting TAMs in order to
overcome osteosarcoma. In this study, we reported that M2 macrophages were enriched in osteosarcoma tissues from patients, and
M2-polarized TAMs enhanced cancer initiation and stemness of osteosarcoma cells, thereby establishing M2-polarized TAMs as a
therapeutic target for blocking osteosarcoma formation. We also found that all-trans retinoic acid (ATRA) weakened TAM-induced
osteosarcoma tumor formation by inhibiting M2 polarization of TAMs in vivo, and inhibited the colony formation, as well as sphere-
formation capacity of osteosarcoma cells promoted by M2-type macrophages in vitro. Furthermore, M2-type macrophages
enhanced cancer stem cells (CSCs) properties as assessed by increasing the numbers of CD117+Stro-1+ cells accompanied by the
upregulation of CSC markers (CD133, CXCR4, Nanog, and Oct4), which could clearly be reduced by ATRA. Taken together, the results
of this study demonstrated the role of M2-polarized TAMs in osteosarcoma initiation and stemness by activating CSCs, and
indicated that ATRA treatment is a promising approach for treating osteosarcoma by preventing M2 polarization of TAMs.
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INTRODUCTION
Osteosarcoma (OS), the most common type of bone cancer, is the
second leading cause of cancer-related death in children and
adolescents [1]. Despite intensive chemotherapy, the survival rate
of patients with osteosarcoma has not changed over the past 30
years, mainly due to metastasis and recurrence [2]. Thus, novel
strategies to further prolong the survival of osteosarcoma patients
are urgently needed.
Cancer stem cells (CSCs), also known as tumor-initiating cells or

tumor-propagating cells, constitute a biologically unique subset of
stem-like cells within the bulk tumor cell population [3, 4].
Emerging evidence indicates the presence of CSCs in osteosar-
coma, and the inadequacy of current treatments may result from
an inability to effectively target these CSCs [5, 6]. The clinical
implications of the CSC model suggest that only the elimination of
CSCs will result in eradication of the tumor because uneliminated
CSCs will inevitably lead to tumor relapse. CSCs are highly resistant
to chemotherapy and radiotherapy [7]. Consequently, the concept
of eliminating CSCs as a therapeutic strategy is already beginning
to revolutionize the approach to cancer treatment. However, there
is still a lack of research into novel strategies for eliminating CSCs
to eradicate osteosarcoma. The importance of the tumor
microenvironment in promoting cancer initiation and tumor
growth has also been increasingly recognized over the past
decade [8, 9]. Many studies have provided evidence that the

tumor microenvironment is essential for the functions of CSCs
[10–12].
Tumor-associated macrophages (TAMs) serve as a source of key

components in tumor microenvironments and have been
reported to trigger tumorigenicity and tumor progression by
directly communicating with CSCs to promote their stemness and/
or subsequent oncogenic properties [13, 14]. TAMs exist as two
polarized phenotypes, classically activated macrophages (M1) and
alternatively activated macrophages (M2). TAMs predominantly
display an M2 phenotype in tumors, and M2-type TAMs have been
reported to promote cancer stem cell-like properties in several
cancers, including hepatocellular carcinoma [15], breast cancer
[16], non-small cell lung cancer [17], pancreatic ductal adenocar-
cinoma [18], and glioblastoma multiforme [19]. Therefore, target-
ing M2-TAMs to interfere with CSCs might provide a novel
approach for osteosarcoma therapy. All-trans retinoic acid (ATRA),
the active derivative of vitamin A, was shown to effectively skew
macrophages away from M2 polarization in our previous study
[20]. Thus, we sought to determine whether M2-type TAMs could
regulate osteosarcoma stem cells and whether ATRA could
prevent cancer initiation and stemness by inhibiting M2 polariza-
tion of TAMs in osteosarcoma.
In this study, we found that osteosarcomas were infiltrated

with CD209+ M2-type TAMs and that these M2-polarized TAMs
promoted osteosarcoma progression by activating CSCs. We
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also found that ATRA effectively weakened TAM-induced
osteosarcoma tumor formation in vivo by decreasing CSC
activity and thus inhibited the colony-forming as well as the
sphere-forming capacity of osteosarcoma cells promoted by M2-
type macrophages in vitro. In conclusion, our results demon-
strated that M2-polarized TAMs were associated with osteosar-
coma initiation and that ATRA may be a promising agent to
interfere with CSCs by blocking M2 polarization of TAMs during
osteosarcoma treatment.

MATERIALS AND METHODS
Materials
Recombinant mouse IL-13, mouse IL-4, mouse EGF, mouse FGF, and
M-CSF were purchased from Peprotech (USA), and N2 was supplied
by Life Technologies (USA). ATRA was purchased from Sigma-Aldrich
(MO, USA). DMEM and fetal bovine serum (FBS) were purchased
from Gibco (USA). For flow cytometry analysis, antibodies, including
monoclonal anti-Stro-1, anti-PE-CD117, and anti-PE-CD209 antibo-
dies, were purchased from Sigma-Aldrich (USA), BD Biosciences
(USA), and eBioscience (USA), respectively. For immunofluorescence,
primary antibodies, including antibodies against mouse CD209 and
human CD209 and F4/80, were purchased from eBioscience (USA)
and Biolegend (USA), respectively, while secondary antibodies were
purchased from Life Technologies (USA).

Cell lines and cell culture
RAW264.7 and K7M2 WT cells were obtained from the Cell Bank of
the Chinese Academy of Sciences (Shanghai, China) and maintained
in DMEM containing 10% FBS. Both cell lines were maintained at
37 °C in a humidified atmosphere containing 5% CO2.

Immunohistochemistry (DAB staining)
Paraffin-embedded tissue sections were dewaxed, rehydrated, and
microwaved in pH 9.0 Tris-EDTA buffer for CD209 staining. Then, a
Histostain-Plus Kit was used following the manufacturer’s instruc-
tions. The immunohistochemical staining patterns of CD209 were
evaluated by an experienced pathologist and scored as follows: (1)
negative (“−”, no positive staining or up to 1% scattered positive
cells); (2) low (“+”, heterogeneous staining, with an area
corresponding to at least 20% of the section showing 2% ~ 10%
positive cells); (3) medium (“++”, heterogeneous, with at least
20% of the section showing 10% ~ 50% positive cells); and (4) high
(“+++”, variable to almost homogeneous staining, with at least
20% of the section showing 51% ~ 90% positive cells).

Orthotopic transplantation
Four- to five-week-old female BALB/c mice (National Rodent
Laboratory Animal Resource, Shanghai, China) were used for all
experiments. The Animal Research Committee at Zhejiang
University approved all animal studies, and animal care was
provided in accordance with institutional guidelines. For tumor
formation, K7M2 WT cells (1 × 105) mixed with or without
conditioned macrophages (1:3) were administered via intraoss-
eous injection into the proximal tibia and distal femur [21]. The
mice were divided into four groups: the K7M2 WT group; the
K7M2 WT+ ATRA-treatment group; the K7M2 WT+ RAW group;
and the K7M2 WT+ RAW+ ATRA-treatment group. The mice were
treated i.g. daily for 7 days with 20mg/kg ATRA before K7M2 WT
cell injection; after inoculation, the mice were treated i.g. daily for
7 days for 4 consecutive weeks with 40 mg/kg ATRA. All animal
work was conducted with the approval of the Animal Care and
Use Committee of the National Cancer Institute.

Immunofluorescence
Immunofluorescence analysis of the tumor tissues was performed as
previously described [22]. Briefly, cryostat sections were fixed and
permeabilized. Primary antibodies against F4/80 and CD209 were

used, followed by staining with secondary antibodies conjugated to
Alexa Fluor 488 or 594. Nuclei were visualized by DAPI staining.
Then, the F4/80+ area (% of tumor area) and the CD209+ area (% of
tumor area) were analyzed using ImageJ software.

Bone marrow-derived macrophage (BMDM) isolation and
differentiation
Bone marrow-derived macrophage (BMDM) isolation was performed
as previously described [23]. Briefly, C57BL/6 mice were euthanized,
and the femurs were dissected using scissors to obtain bone marrow
cells. Then, the bone marrow cells were cultured in DMEM
containing 10% FBS and incubated with M-CSF (Cell Signaling
Technology, 50 ng/mL) for 3 days to obtain BMDMs.

Conditioned medium (CM) preparation
Macrophage polarization was induced by culturing cells with IL-13
(20 ng/mL) or IL-4 (20 ng/mL) for 48 h. Where indicated, ATRA was
added during macrophage polarization. Then, the IL-13/IL-4/ATRA-
containing medium was replaced with serum-free normal medium.
The differently polarized macrophages were incubated in serum-free
normal medium for 24 h, after which culture supernatants were
collected as CM. Notably, there was no IL-13/IL-4/ATRA in the CM.
The CM was centrifuged at 2000 r/min to precipitate debris and
stored at −80 °C. For stimulation with RAW264.7-CM (RM) or BMDM-
CM (BM), K7M2 WT cells were supplemented with RAW264.7-CM or
BMDM-CM at a final concentration of 50% (vol/vol).

Flow cytometry
Samples were incubated with anti-PE-CD209, anti-CD117 and anti-
Stro-1 antibodies according to the manufacturer’s instructions. For
each sample, at least 1 × 104 cells were analyzed using a BD
FACSCalibur flow cytometer.

Reverse transcription PCR
Quantitative real-time RT-PCR analysis was performed by using
TAKARA SYBR Premix EXTaqTM as previously described [24].
Reaction mixtures containing SYBR Green were prepared follow-
ing the manufacturer’s protocol. The sequences of the primers
used for quantitative RT-PCR were as follows: TGF-beta, forward:
5′-GGTGGTATACTGAGACACCTTG-3′ and reverse: 5′-CCCAAGGAAA
GGTAGGTGATAG-3′; FIZZ1, forward: 5′-GCTGATGGTCCCAGTGAA
TA-3′ and reverse: 5′-CGTTACAGTGGAGGGATAGTTAG-3′; CD133,
forward: 5′-GCTTTGCAATC TCCCTGTTG-3′ and reverse: 5′-TTGATC
CGGGTTCTTACCTG-3′; CXCR4, forward: 5′-GGTGGTCTATGTTGGCG
TCT-3′ and reverse: 5′-TGGAGTGTGACAGCTTGGAG-3′; Nanog,
forward: 5′-AAAGAATCTTCACCTATGCC-3′ and reverse: 5′-GAAGGA
AGAGGAGAGACAGT-3′; Oct4, forward: 5′-CTGGAGAAGGAGAAGCT
GGA-3′ and reverse: 5′-CAAATTGCTCGAGTTCTTTCTG-3′; and
ACTIN, forward: 5′-GGTCATCACTATTGGCAACG-3′ and reverse: 5′-A
CGGAT GTCAACGTCACACT-3′.

Colony formation assays
A total of 2500 cells per well were seeded in six-well plates and
incubated with CM for 7 days. The colonies were then fixed with
2% formaldehyde and stained with 0.5% crystal violet. Images
were acquired, and the colonies in each well were counted.

Sphere-formation assay
A total of 1000 living osteosarcoma cells per well were seeded in
an ultra-low attachment 6-well microplate (Corning Incorporated,
Corning, NY, USA) as previously described [25] and cultured in
serum-free CM supplemented with 20 ng/mL EGF, 20 ng/mL FGF
and N2 (1:100; Life Technologies) for 2 weeks. Cell spheroids were
visualized in a low-power microscopic field.

Statistical analysis
For all parameters measured, the values for all samples under the
different experimental conditions were averaged, and the SD was
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calculated. The statistical significance of differences between
groups was determined with Student’s unpaired two-tailed t-test.
One-way ANOVA followed by Tukey’s multiple comparisons test
was used to determine the differences among multiple pairs.

RESULTS
M2 macrophages are enriched in osteosarcoma tissues from patients
First, to study the enrichment of M2-type macrophages in
osteosarcoma, we referred to two data sets, GSE12865 and
GSE14359. The data showed that the expression levels of three
classical M2 macrophage markers—CD163, MRC1, and CCR2—
were all markedly higher in human osteosarcoma (HOS) tissue
samples than in normal human osteoblasts (HOBs) (Fig. 1a, b).
Next, we evaluated the expression level of CD209 (another M2
macrophage marker) in primary osteosarcoma tissues from
patients by an immunohistochemistry assay. A total of 14 separate
osteosarcoma tissue blocks were analyzed, and the intensities and

percentages of staining were determined. The staining results for
representative cases with different CD209 expression levels are
shown in Fig. 1c. Furthermore, the distribution patterns of
CD209 in all patient samples were analyzed: only 3 of the 14
osteosarcoma samples (21.43%) exhibited negative expression of
CD209 in tumor tissues, whereas the remaining 11 samples
(78.57%) showed mild to intense CD209 immunoreactivity (Fig. 1d).
Consequently, these results demonstrated that M2 macrophages
were enriched in human osteosarcoma tissues.

M2 macrophages contribute to osteosarcoma initiation and
progression
Since M2 macrophages were enriched in osteosarcoma tissues, we
were prompted to study the role of macrophages in osteosarcoma
initiation. We first injected K7M2 WT osteosarcoma cells with
RAW264.7 macrophage cells into the tibia of mice and then
examined tumor initiation. Tumors in mice transplanted with
K7M2 WT and RAW264.7 cells showed faster growth properties

Fig. 1 Enrichment of M2 macrophages in osteosarcoma tissues. a, b The expression of CD163, MRC1 and CCR2 in normal human osteoblasts
and human osteosarcoma tumors from the GSE12865 (a) and GSE14359 (b) data sets. HOB: normal human osteoblasts; HOS: human
osteosarcoma tumor. c Immunohistochemical analysis of four representative human osteosarcoma tissues to assess the CD209 expression
levels. The four samples were subjected to immunohistochemical staining using an anti-CD209 antibody, and the cryosections were then
stained with H&E. d The expression levels of CD209 in 14 osteosarcoma tumor samples were graded and summarized in pie charts. c, d “−”:
negative expression; “+”: low expression; “++”: moderate expression; and “+++”: high expression
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than those in control mice transplanted with only K7M2 WT cells
(Fig. 2a). Then, we weighed the legs harboring the tumors; as
shown in Fig. 2b, the legs harboring tumors in mice transplanted
with both K7M2 WT and RAW264.7 cells were heavier than those
of control group mice. Furthermore, histological examination
showed that compared with mice transplanted with only K7M2
WT cells, mice transplanted with both K7M2 WT and RAW264.7
cells were enriched in M2-like TAMs (F4/80+ CD209+) (Fig. 2c).

These results demonstrated that M2 macrophages could promote
osteosarcoma initiation and progression.

ATRA delays the initiation of osteosarcoma induced by
M2-polarized TAMs
We then sought to determine whether ATRA could inhibit
osteosarcoma initiation by impacting the polarization of macro-
phages. The results showed that the ATRA-treated group had

Fig. 2 ATRA delayed TAM-induced cancer initiation in osteosarcoma cells. BALB/c mice were intrafemorally injected with 1 × 105 K7M2
WT cells alone or mixed with RAW264.7 cells and sacrificed after 4 weeks to assess tumor formation. a Representative images of osteosarcoma
tumor formation. b The weight of the legs harboring tumors. ***P < 0.001 (vs. the indicated groups). c Immunofluorescence analysis of F4/80+

macrophages and CD209+ TAMs in the tumors (left). The F4/80+ area (% of tumor area) and the CD209+ area (% of tumor area) were
quantified (right). d Whole blood assay
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significantly slower tumor growth promoted by RAW264.7 cells
(Fig. 2a, b). ATRA treatment also appreciably reduced the enrichment
of F4/80+CD209+ cells (Fig. 2c). In addition, we also conducted whole
blood assays, and the data showed no significant differences among
these four groups (Fig. 2d). Thus, we concluded that M2-polarized
TAMs could enhance osteosarcoma initiation and that ATRA could
delay M2 macrophage-promoted osteosarcoma initiation.

ATRA directly inhibits M2 polarization of macrophages in vitro
To confirm that the inhibitory effect of ATRA on M2 macrophage-
promoted osteosarcoma initiation was the result of the direct
polarization regulation of macrophages, we investigated the
influence of ATRA on the polarization of macrophages in vitro.
We treated RAW264.7 cells with IL-13 alone to induce M2
polarization of macrophages or in combination with 1 μM ATRA
and then determined the abundance of CD209+ (M2 marker) cells
by flow cytometry. As shown in Fig. 3a, the percentage of CD209+

cells increased from 1.28% of control cells to 23.58% of
IL-13-treated cells, and ATRA markedly decreased the percentage
of IL-13-induced CD209+ cells (from 23.58% in the IL-13 treatment
group to 1.72% in the IL-13 and ATRA combination treatment
group). Moreover, we utilized real-time PCR to verify the inhibitory
effect of ATRA on M2 polarization of macrophages. The results
showed that TGF-beta and FIZZ1 mRNA levels were increased by
IL-13 and significantly reduced by ATRA treatment (Fig. 3b). Thus,
these data confirmed that ATRA could directly inhibit M2-like
polarization of macrophages to regulate osteosarcoma initiation.

ATRA suppresses the colony formation and osteosphere formation
abilities of osteosarcoma cells by decreasing M2 polarization
Given that M2-polarized TAMs can promote CSC activity to initiate
several cancers, we sought to investigate whether ATRA could
affect the stemness of osteosarcoma cells by inhibiting M2
polarization. First, we used a colony formation assay to evaluate
the proliferation of osteosarcoma cells. The results showed that
medium from IL-13- or IL-4-treated macrophages (RM: RAW 264.7
medium; BM: BMDM medium) promoted colony formation by
K7M2 WT cells, while RM and BM from cells treated with ATRA in
addition to IL-13 or IL-4 significantly inhibited colony formation by
K7M2 WT cells (Fig. 4a, b). Then, we analyzed the sphere-forming
capability of K7M2 WT cells treated with medium from IL-13-

induced M2 macrophages. As shown in Fig. 4c, medium from IL-
13-induced M2 macrophages effectively enhanced the
osteosphere-forming capability, but ATRA markedly reduced this
enhancement of osteosphere formation, indicating that ATRA
might have the ability to inhibit the CSC properties of
osteosarcoma cells promoted by M2 polarization.

ATRA decreases M2 polarization-induced stemness of
osteosarcoma cells
Since CD117 and Stro-1 have been identified as osteosarcoma stem
cell markers, we further assessed the expression of CD117/Stro-1 by
flow cytometry. We treated K7M2 WT cells with different
conditioned media from RAW 264.7 cells (treated with IL-13 alone
or in combination with ATRA) and determined the proportion of
CD117+Stro-1+ cells. The results showed that the percentage of
CD117+Stro-1+ cells increased from 1.51%± 0.02% of control cells
to 12.46%± 3.32% of K7M2 WT cells when the cells were incubated
with IL-13-treated RM (Fig. 5a). Notably, ATRA appreciably decreased
the percentage of CD117+Stro-1+ cells induced by IL-13-treated RM
(from 12.46%± 3.32% in the IL-13 treatment group to 2.67%± 1.21%
in the IL-13 and ATRA combination treatment group).
Furthermore, a number of studies have reported that some

subpopulations of osteosarcoma cells express prospective CSC
markers, including CD133, CXCR4, Nanog, and Oct4 [26–28]. Hence,
we next determined the mRNA levels of CD133, CXCR4, Nanog, and
Oct4 by real-time PCR. Fig. 5b shows that the mRNA expression
levels of CD133, CXCR4, Nanog, and Oct4 were higher in both the IL-
13 and IL-4 treatment groups than in the control group but were
reduced by ATRA cotreatment. Taken together, these results further
confirmed that ATRA effectively inhibited the stemness of
osteosarcoma cells by reducing M2 polarization of TAMs. *

DISCUSSION
Tumor-associated macrophages directly participate in tumor
initiation, progression, and metastasis via numerous mechanisms.
In this study, we demonstrated that M2 polarization of TAMs
promoted osteosarcoma initiation and stemness, indicating that
TAMs might be a promising target for osteosarcoma treatment.
Furthermore, our data showed that ATRA inhibited M2 polariza-
tion of macrophages and weakened the CSC properties of

Fig. 3 ATRA inhibited M2 polarization of macrophages. a Flow cytometric analysis of the CD209+ cell population in RAW264.7 cells treated
with IL-13 in the absence or presence of 1 μM ATRA. b The mRNA levels of TGF-beta and FIZZ1 in RAW264.7 cells treated with IL-13 alone or in
combination with 1 μM ATRA. *P < 0.05; **P < 0.01 (vs. Control); #P < 0.05 (vs. Combination)
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osteosarcoma cells induced by M2-type macrophages, which
suggested that ATRA might be a prospective agent for eradicating
osteosarcoma via M2 macrophage inhibition.
TAMs serve as a source of key components in inflammatory

microenvironments, and increasing evidence indicates that even
before cancer begins, chronic inflammation or prolonged
inflammatory episodes can set the stage for oncogenesis
[29, 30]. After infiltration into tumors, TAMs contribute to chronic
inflammation by secreting inflammatory cytokines, such as IL-1β,
IL-6, and CXCL8 [31–33]. While TAMs in the preinvasive niche
contribute to oncogenic transformation and survival, accumulat-
ing evidence suggests that they are also critical for the self-
renewal and maintenance of CSCs in established tumors [15–19].
For example, Mitchem et al. showed that ablation of CCR2 or CSF-
1R signaling significantly blocked TAM infiltration in pancreatic
ductal adenocarcinoma (PDAC), decreased the number of
CD44+ALDH1+ CSCs, and improved the response to chemother-
apy [18]. In our study, we first demonstrated that M2-type

macrophages increase the population of CD117+Stro-1+ CSCs,
accompanied by the increased expression of prospective CSC
markers (CD133, CXCR4, Nanog, and Oct4) and promote sphere
formation by osteosarcoma cells. Taken together, these results
indicate that M2-polarized TAMs significantly accelerate osteosar-
coma initiation. Thus, we proposed M2-polarized TAMs as an
appropriate therapeutic target for osteosarcoma.
M2 TAMs are an attractive target in biological therapies for

osteosarcoma, and preventing cancer initiation and stemness
through inhibiting M2-type macrophages might be feasible in
osteosarcoma therapy. ATRA was shown to effectively skew
macrophages away from M2 polarization in our previous study
[20]. In the current study, our data also demonstrated that ATRA
attenuated osteosarcoma initiation and stemness via M2 TAM
intervention. Researchers have shed new light on the role of ATRA
in cancer stem cell inhibition and tumor growth delay. Aldehyde
dehydrogenase 1 (ALDH1) is a cancer stem-like cell (CSC) marker
in human cancers, and Young et al. reported that ALDH1 activity

Fig. 4 ATRA suppressed colony formation and osteosphere formation by osteosarcoma cells. a, b Colony formation assay. K7M2 WT cells were
treated with RM or BM for 7 days, and the cell colony-forming ability was assessed by a colony formation assay. Above are representative
images, and below is the quantitative analysis. ***P < 0.001 (vs. the indicated groups). c K7M2 WT cells treated with RM for 14 days were
subjected to a tumor sphere-formation assay. Left: representative images of osteospheres. Right: quantification of the assay results. ***P <
0.001 (vs. Control); ###P < 0.001 (vs. Combination)
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was positively correlated with stemness in ovarian cancer cells as
evidenced by properties such as sphere formation and CSC marker
expression, as well as by tumorigenesis in a mouse xenograft
model, and that ATRA reduced ALDH1 expression, suppressed
tumor formation and inhibited sphere formation, cell migration
and invasion in ALDH1-abundant ovarian cancer cells [34]. In
addition, in patient-derived gastric carcinoma cells with high
aldehyde dehydrogenase (ALDH) activity, ATRA inhibited both
tumor sphere initiation and growth in vitro, and ATRA treatment

was sufficient to inhibit gastric tumor progression in vivo [35].
Hence, CSCs are potential targets for ATRA in cancer therapeutics.
Given that TAMs can enhance tumor progression by directly

communicating with CSCs to promote their stemness and/or
subsequent oncogenic properties, we proposed the possibility of
directly targeting TAMs or disrupting TAM-CSC crosstalk for cancer
therapy. In this study, we report that ATRA delays osteosarcoma
formation and attributes this effect to the inhibition of M2-type
macrophages and decreased CSC formation in osteosarcoma.

Fig. 5 ATRA inhibited the stemness of osteosarcoma cells. a Flow cytometric analysis of the CD117+Stro-1+ cell population in K7M2 WT cells
incubated with RM treated with IL-13 in the absence or presence of 1 μM ATRA. *P < 0.05 (vs. Control); #P < 0.05 (vs. Combination). b The mRNA
levels of CD133, CXCR4, Nanog, and Oct4 in K7M2 WT cells incubated with RM treated with IL-13 or IL-4 alone or in combination with 1 μM
ATRA. *P < 0.05; **P < 0.01 (vs. Control); #P < 0.05; ##P < 0.01 (vs. Combination)
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Future research is necessary to explore the underlying mechanism
of TAM-CSC coregulation in osteosarcoma progression and
uncover mechanisms of ATRA in tumor initiation. In addition,
both our study and other previous studies show that ATRA is
recognized to have a direct inhibitory effect on osteosarcoma cells
by inducing cell differentiation [36, 37]. We previously reported
that ATRA prevented osteosarcoma metastasis by inhibiting M2
polarization of TAMs [20]. Taken together, these findings indicate
that ATRA has great potential as an anticancer agent in
osteosarcoma due to its multiple effects, including inducing cell
differentiation, preventing cell metastasis and decreasing CSCs.
In summary, we provide evidence that M2-type macrophages

promote osteosarcoma initiation through CSC activation, whereas
ATRA prevents tumor formation and stemness by inhibiting M2
macrophage polarization. Our results link TAMs and CSCs to the
anticancer effect of ATRA on osteosarcoma. Our findings not only
provide a possible mechanism of osteosarcoma initiation but also
propose the clinical application of ATRA to target TAM-induced
CSCs for osteosarcoma eradication.
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