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H I G H L I G H T S

• Osteosarcoma cells can induce MSCs differentiate into CAFs.
• TGF-β1 promotes osteosarcoma cells-induced differentiation from MSCs into CAFs.
• METTL3 promotes osteosarcoma cells-induced MSCs self-differentiation to CAFs by mediating m6A modification of TGF-β1 mRNA.
• METTL3/TGF-β1 signaling axis facilitates MSCs-mediated osteosarcoma progression.
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A B S T R A C T

Osteosarcoma, a prevalent and aggressive skeletal malignancy, significantly impacts the prognosis of individuals, 
particularly young patients. Current treatments, including surgery and chemotherapy, often prove inadequate for 
advanced osteosarcoma with metastasis. This study investigates the role of the METTL3/TGF-β1 signaling axis in 
promoting osteosarcoma progression by inducing mesenchymal stem cells (MSCs) to differentiate into cancer- 
associated fibroblasts (CAFs). Utilizing co-culture technology, we demonstrated that osteosarcoma cells secrete 
TGF-β1, which is crucial for MSC differentiation into CAFs, as evidenced by the increased expression of CAF 
markers α-SMA, FSP-1, and FAP. Additionally, METTL3 was found to enhance the stability and expression of 
TGF-β1 mRNA through m6A modification, thereby facilitating the differentiation process of MSCs. In vivo 
xenograft experiments further confirmed that the METTL3/TGF-β1 axis significantly promotes tumor growth in 
osteosarcoma by mediating the differentiation of MSCs into CAFs. These findings provide new insights into the 
molecular mechanisms underlying osteosarcoma progression and highlight potential therapeutic targets for 
treating advanced stages of this malignancy.

1. Introduction

Osteosarcoma is one of the most common and serious primary ma
lignant tumors of the skeletal system, accounting for over half of all bone 
sarcomas and exhibiting a bimodal age distribution. The majority of 
patient with osteosarcoma are adolescents and children, while a smaller 

group consists of elderly individuals over the age of 60 [1]. Osteosar
coma exhibits a significant propensity for both local invasion and distant 
metastasis, with nearly half of the patients experiencing recurrent dis
ease [2]. Although the overall mortality rate for osteosarcoma is less 
than 40 % over a five-year period, the survival rate for patients with 
distant metastasis is only 20–30 % [3–5]. Currently, standard care 
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programs for osteosarcoma include surgical interventions and chemo
therapy; however, the outcomes for advanced osteosarcoma with 
metastasis remain significantly poor [6–8]. Therefore, there is an urgent 
need to understand the progression mechanisms of osteosarcoma and to 
identify effective therapeutic strategies.

Previous evidence has demonstrated that osteosarcoma cells origi
nate from mesenchymal stem cells (MSCs) [9]. Consequently, neo- 
adjuvant and post-surgical adjuvant chemotherapies have been imple
mented for osteosarcoma since the 1970s. However, the survival rate of 
metastatic patients has not significantly improved over recent decades. 
Therefore, understanding the mechanisms involving MSCs and osteo
sarcoma cells to enhance the efficacy of osteosarcoma treatments re
mains a primary objective for researchers. The activation and functional 
properties of tumor cells are significantly influenced by the tumor 
microenvironment (TME) [10–12]. Activated cancer-associated fibro
blasts (CAFs) are regarded as the most critical non-tumor cellular 
components within the TME. Research on various types of neoplasms 
indicates that CAFs overexpress a range of specific proteins, including 
fibroblast activation protein (FAP), alpha-smooth muscle actin (α-SMA), 
and fibroblast-specific protein 1 (FSP-1) [13]. CAFs play a crucial role in 
tumor pathogenesis, promoting tumor progression and remodeling the 
extracellular matrix by secreting cytokines that facilitate immune 
evasion [14,15]. Previous studies have reported that MSCs may be 
closely associated with the invasion and development of osteosarcoma 
[16]. Additionally, Wang et al. demonstrated that osteosarcoma cells 
can directly induce bone marrow MSCs to differentiate into CAFs in co- 
culture conditions [17]. While it has established that bone marrow MSCs 
can promote tumor progression through their differentiation into fi
broblasts, the mechanisms by which osteosarcoma cells induce MSCs to 
differentiate into CAFs remain uncertain [18,19].

Transforming growth factor-β (TGF-β) acts as a tumor promoter by 
facilitating tumor growth, stimulating epithelial-mesenchymal transi
tion (EMT), and inducing invasion. It is one of the most prevalent tumor- 
promoting growth factors in the microenvironment of osteosarcoma 
within the bone matrix [20,21]. TGF-β1 has been shown to mediate the 
differentiation of MSCs into CAFs in colorectal carcinoma. Furthermore, 
osteosarcoma cells can induce MSCs to differentiate into CAFs by 
secreting TGF-β1 [3,22,23]. Methyltransferase-like 3 (METTL3) has 
been shown to be overexpressed in osteosarcoma cells [24,25]. Multiple 
studies have demonstrated the presence of an N6-methyladenosine 
(m6A) methylation modification site on TGF-β1 mRNA that interacts 
with the METTL3 complex [25–27]. However, further research is needed 
to determine whether METTL3 regulates the differentiation of MSCs by 
promoting TGF-β1 in osteosarcoma cells.

In this study, we investigated the interaction between osteosarcoma 
and MSCs using co-culture technology to evaluate the tumor–promoting 
capabilities within this environment. Our findings demonstrated the 
existence of a vicious cycle in which osteosarcoma induces MSCs to 
differentiate into CAFs, while CAFs enhance the expression and stability 
of TGF-β1. Additionally, we examined the significant role of the 
METTL3/TGF-β1 axis in the differentiation of MSCs into CAFs induced 
by osteosarcoma cells, both in vitro and in vivo, to confirm these critical 
transfer and induction effects.

2. Materials and methods

2.1. Cell culture

Human bone marrow MSCs were obtained from Procell (Hubei, 
China), while two osteosarcoma cell lines, MG-63 and ROS, were ac
quired from ATCC (United States). Osteosarcoma cells were cultured in 
RPMI-1640 medium (Thermo Fisher, United States) supplemented with 
10 percent of fetal bovine serum (v/v) and one percent of pen
icillin–streptomycin (w/v) at a constant temperature of 37 ◦C in a hu
midified atmosphere containing air and 5 percent of carbon dioxide. 
Meanswell, MSCs were cultured in completed human bone marrow MSC 

medium (Procell) under the same temperature and atmospheric 
conditions.

The interaction mechanism between osteosarcoma cells and MSCs 
was investigated using Transwell cell co-culture technology. Briefly, 
MSCs (2 × 104) were seeded in the lower chambers, while osteosarcoma 
cells (2 × 104) were placed in the upper chambers (0.45 μm pores, 
Corning, NY, USA). These cells were co-cultured for 48 h. For the blank 
control, only medium was added to the upper chamber in the control 
group.

2.2. Cell transfection

The tumor cell lines (2 × 105 cells per well) were cultured in 6-well 
plates until they adhered to the surface. For the inhibition of TGF-β1 or 
METTL3, short hairpin RNA (shRNA) against TGF-β1 (sh-TGF-β1: 5′-CAA 
GCA GAG TAC ACA CAG CAT-3′) or METTL3 (sh-METTL3: 5′-GCC TTA 
ACA TTG CCC ACT GAT-3′) and a negative control shRNA (sh-NC) were 
obtained from GeneCopoeia (Guangzhou, China). For TGF-β1 over
expression, the TGF-β1 sequence was inserted into the pcDNA3.1 vector 
(termed oe-TGF-β1), and the empty pcDNA3.1 vector (oe-NC) served as 
the control (RiboBio, Guangzhou, China). Lipofectamine 3000 (Invi
trogen, USA) was used to transfect these plasmids into HOS or MG-63. 
The transfected cells were used for further experiments after a 48-hour 
incubation period. Furthermore, a second shRNA targeting TGF-β1 
(sh-TGF-β1 #2: 5′-CCG GCC TTT CCT GCT TCT CAT-3′) or METTL3 (sh- 
METTL3 #2: 5′-GCA AGT ATG TTC ACT ATG AAA-3′) was used to 
validate a series of key experiments (Supplementary Fig. 1).

2.3. Quantitative real–time PCR (qPCR)

In this study, total RNA was extracted using TRIzol reagent (Thermo 
Fisher Scientific, Waltham, MA, USA) from cultured osteosarcoma cells 
and neoplasm tissue samples. A reverse transcription kit (Takara, Japan) 
was then applied to synthesize the corresponding cDNA. qPCR assay was 
performed using the ABI PRISM 7900 System (Applied Biosystems, USA) 
with a SYBR Green PCR Kit (Takara, Japan). The mRNA level was 
relatively defined using the 2− ΔΔCT method and normalized to GAPDH, 
which served as an internal control. The primer sequences were given as 
follows: α-SMA (F: 5′-CTA TGC CTC TGG ACG CAC AAC T-3′, R: 5′-CAG 
ATC CAG ACG CAT GAT GGC A-3′), FSP-1 (F: 5′-CAG AAC TAA AGG AGC 
TGC TGA CC-3′, R: 5′-CTT GGA AGT CCA CCT CGT TGT C-3′), FAP (F: 5′- 
GGA AGT GCC TGT TCC AGC AAT G-3′, R: 5′-TGT CTG CCA GTC TTC 
CCT GAA G-3′), TGF-β1 (F: 5′-TAC CTG AAC CCG TGT TGC TCT C-3′, R: 
5′-GTT GCT GAG GTA TCG CCA GGA A-3′), METTL3 (F: 5′-CTA TCT CCT 
GGC ACT CGC AAG A-3′, R: 5′-GCT TGA ACC GTG CAA CCA CAT C-3′), 
Ki-67 (F: 5′-GAA AGA GTG GCA ACC TGC CTT C-3′, R: 5′-GCA CCA AGT 
TTT ACT ACA TCT GCC-3′), and GAPDH (F: 5′- GTC TCC TCT GAC TTC 
AAC AGC G-3′, R: 5′-ACC ACC CTG TTG CTG TAG CCA A-3′).

2.4. Methylated RNA immunoprecipitation (MeRIP)-qPCR

Total RNA was extracted in this study from cells subjected to the 
indicated treatments using TRIzol reagent. Then, the mRNA was frag
mented and immunoprecipitated with a mixture of anti-m6A (1:500, 
ab151230, Abcam) and Protein A beads (Thermo Fisher Scientific) after 
extraction and isolation. The complex with mRNA and bead-antibody 
was incubated in IP buffer overnight at 4 ◦C, followed by the quantifi
cation of target mRNA using qPCR.

2.5. Western blot

In the present study, total protein was isolated using RIPA lysis buffer 
(Thermo Fisher Scientific) from collected cells, and the concentration 
was measured with a BCA Protein Kit (Beyotime, Shanghai, China). 
Then, 150 μL of the lysate protein mixture was boiled for 5 min with 50 
μL of 4 × loading buffer. Equal amounts of protein were separated by 
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electrophoresis using 10 % SDS–PAGE. The separated proteins were 
then transferred onto PVDF membranes using the wet transfer method. 
After blocking with skimmed milk, the following primary antibodies 
were applied to the prepared membranes for immunoblotting: FSP-1 
(1:1000, ab197896, Abcam), α-SMA (1:1000, ab5694, Abcam), 
METTL3 (1:1000, ab195352, Abcam), TGF-β1 (1:1000, ab215715, 
Abcam), FAP (1:1000, ab314456, Abcam), Ki-67 (1:5000, ab92742, 
Abcam) and β-actin (1:2500, ab9485, Abcam) at 4 ◦C overnight. After 
this process, the secondary antibodies conjugated with horseradish 
peroxidase were incubated with the membranes for 60 min at 25 ◦C 
following washing. Protein bands were visualized using a chem
iluminescence system (Bio-Rad, USA) after incubation with ECL reagent 
from Thermo Fisher Scientific. The relative levels of protein expression 
were evaluated based on the gray densities of the bands and normalized 
to GAPDH.

2.6. Immunofluorescence

After treatment, cells were fixed for 20 min using paraformaldehyde 
(4 %). Then, cells were washed with Phosphate-Buffered Saline (PBS) 
and permeabilized with Triton X-100 (0.3 %) for 10 min. Following a 30- 
minute blocking, the cells were incubated overnight at 4 ◦C with α-SMA 
(1:250, ab124964, Abcam). After washing, the cells were incubated with 
a secondary antibody conjugated to Alexa Fluor 488 (green). DAPI 
(Thermo Fisher) was used for nuclear counterstaining. Cell images were 
captured using a fluorescence microscope (Olympus, Japan).

2.7. Enzyme-linked immunosorbent assay (ELISA)

After collecting the supernatants from the co-culture system of os
teosarcoma cells and MSCs, the concentration of TGF-β1 in the super
natants was evaluated using an ELISA kit (ab100647, Abcam). The 
optical density (OD) values of the supernatants were measured using a 
microplate reader at a wavelength of 450 nm.

2.8. RNA stability test

The osteosarcoma cells transfected with sh-NC or sh-METTL3 were 
treated with actinomycin D (ActD; Sigma-Aldrich, USA) at a dose of 5 
μg/mL for 3 and 6 h to inhibit transcription. Then, the cells were sub
jected to qPCR to measure the levels of TGF-β1 mRNA, allowing for the 
evaluation of the stability of TGF-β1 mRNA.

2.9. Xenograft assay

All in vivo animal experiments and procedures were conducted with 
the approval of the Ethics Committee of Yijishan Hospital of Wannan 
Medical College. Five-week-old BALB-c mice were raised in a pathogen- 
free environment and were allowed free access to food and water. The 
animal subjects were then randomly divided into 4 groups (n = 5) based 
on the type of cell they would be injected with: sh-NC MG-63 (MG-63 
cells transfected with sh-NC), sh-NC MG-63 plus MSCs, sh-METTL3 MG- 
63 (MG-63  cells transfected with sh-METTL3) and sh-METTL3 MG-63 
plus MSCs. Then, osteosarcoma xenograft models were established with 
the corresponding cells (MG-63 cells (1 × 106) and/or MSCs (1 × 106) 
subcutaneously injected into the left flank. After these cells developed 

Fig. 1. Osteosarcoma cells induce the differentiation of human bone marrow MSCs into CAFs. (A) qPCR detection of α-SMA, FSP-1, and FAP mRNA expression (B) 
Detection of α-SMA, FSP-1, and FAP protein levels by western blot. (C) Immunofluorescence detection of α-SMA. n = 3. Data were displayed as mean ± SD and 
analyzed with one-way ANOVA followed by Turkey post hoc test. *p < 0.05, **p < 0.01, ***p < 0.001.
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into palpable tumors, the volumes of tumors were measured every seven 
days. The animal subjects were sacrificed, and the corresponding sam
ples were collected for further evaluation after the observation for 28 
days.

2.10. Immunohistochemistry

Tissues were fixed with 4 % paraformaldehyde, embedded in 
paraffin, and sectioned into 4 μm slices. Following deparaffinization, the 
sections were hydrated in a gradient of ethanol. Antigen retrieval was 
performed using 10 mM sodium citrate (pH 6.0) for 10 min at 95 ◦C. The 
sections were then blocked with 3 % bovine serum albumin (BSA) and 
incubated overnight at 4 ◦C with α-SMA (1:100, ab5694, Abcam) and 
TGF-β1 (1:500, ab215715, Abcam). After incubation with the second 
antibody, a DAB chromogenic agent was applied, and hematoxylin was 
used for nuclear counterstaining.

2.11. Statistical analysis

All data presented in this study are expressed as mean ± standard 
deviation (SD). To assess statistical differences, GraphPad Prism 8.0 
(GraphPad Software, CA) was utilized. For comparisons involving more 
than two independent groups, we conducted a one-way analysis of 
variance followed by Tukey’s post hoc test. For the analysis of two in
dependent groups, we employed Student’s t-test. A p-value of less than 
0.05 was considered statistically significant.

3. Results

3.1. Osteosarcoma cells induce the differentiation of human bone marrow 
MSCs into CAFs

To identify the effect of human osteosarcoma cells on the differen
tiation process of human bone marrow MSCs, human bone marrow 

Fig. 2. TGF-β1 enhances the ability of osteosarcoma cells to induce the differentiation of MSCs into CAFs. (A) TGF-β1 mRNA expression evaluated by qPCR. (B) TGF- 
β1 protein level examined by western blot. (C) TGF-β1 level in culture medium measured by ELISA. (D) α-SMA, FSP-1, and FAP mRNA expression evaluated by qPCR. 
(E) α-SMA, FSP-1, and FAP protein level examined by western blot. n = 3. Data were displayed as mean ± SD and analyzed with Student’s t-test or one-way ANOVA 
followed by Turkey post hoc test. *p < 0.05, **p < 0.01, ***p < 0.001.
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MSCs were co-cultured with MG-63 or HOS cells. The mRNA expression 
and protein levels of α-SMA, FSP-1 and FAP in MSCs were significantly 
upregulated following co-culture with MG-63 and HOS cells (Fig. 1A 
&and B). In addition, immunofluorescence results demonstrated that the 
addition of MG-63 and HOS significantly increased the expression of the 
CAF marker α-SMA in MSCs (Fig. 1C). These results indicate that both 
the MG-63 and HOS can stimulate MSCs to differentiate into CAFs.

3.2. TGF-β1 enhances the ability of osteosarcoma cells to induce the 
differentiate of MSCs into CAFs

TGF-β1 gene in osteosarcoma cells (MG-63 and HOS) was silenced 
using TGF-β1 shRNA (Fig. 2A and B). Bone marrow MSCs were cultured 
alongside these osteosarcoma cells using co-culture technology. The 
levels of TGF-β1 in the co-culture medium were measured using ELISA, 
revealing that osteosarcoma cells induced TGF-β1 production compared 
to the blank control, while sh-TGF-β1 partly reversed the effect of os
teosarcoma cells on TGF-β1 secretion (Fig. 2C). Similarly, osteosarcoma 
cells upregulated both the protein levels and mRNA expression of CAF 
markers in MSCs, but TGF-β1 shRNA inhibited the effect of 

osteosarcoma cells on CAF marker expression (Fig. 2D and E). These 
results demonstrat that the differentiation of MSCs into CAFs is induced 
by osteosarcoma cells through the secretion of TGF-β1, which is essential 
for this differentiation process.

3.3. METTL3 induces the m6A modification on TGF-β1 mRNA to enhance 
its stability and expression

The qPCR results demonstrated that METTL3 shRNA significantly 
downregulated METTL3 expression level (Fig. 3A and B). Moreover, 
METTL3 inhibition reduced the TGF-β1 expression at both the mRNA 
and protein level (Fig. 3C and D). The results of MeRIP-qPCR demon
strated that the knockdown of METTL3 reduced the m6A levels of TGF- 
β1 mRNA (Fig. 3E). Furthermore, following the treatment with ActD, an 
RNA expression inhibitor, the existing mRNA stability was assessed by 
measuring its residual quantity. The results showed that the stability of 
TGF-β1 mRNA was notably suppressed due to METTL3 silencing 
(Fig. 3F). Taken together, METTL3 could increase the stability and 
expression levels of TGF-β1 through m6A modification of its mRNA.

Fig. 3. METTL3 induces the m6A modification on TGF-β1 mRNA, enhancing its stability and expression. (A) METTL3 mRNA expression level evaluated by qPCR. (B) 
METTL3 protein examined by western blot. (C) TGF-β1 mRNA expression level evaluated by qPCR. (D) TGF-β1 protein examined by western blot. (E) TGF-β1 mRNA 
m6A mediation status evaluated by MeRIP-qPCR. (F) TGF-β1 mRNA stability evaluated by qPCR. n = 3. Data were displayed as mean ± SD and analyzed with 
Student’s t-test. *p < 0.05, **p < 0.01, ***p < 0.001.
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3.4. METTL3 enhances the ability of osteosarcoma cells to induce the 
differentiation of MSCs into CAFs via TGF-β1

The transcription and translation levels of TGF-β1 in osteosarcoma 
cells were significantly upregulated after transfection with a TGF-β1 
overexpression plasmid (Fig. 4A and B). We also measured the TGF-β1 
levels in the medium using ELISA. ELISA results indicated that knocking 
down METTL3 could reduce TGF-β1 secretion in osteosarcoma cells, and 
the oe-TGF-β1 plasmid could partially reverse this reduction (Fig. 4C). 
Concurrently, downregulating METTL3 in osteosarcoma cells could 
reduce the expression of marker proteins for CAFs including α-SMA, FSP- 
1, and FAP, in co-cultured MSCs, while TGF-β1 overexpression was able 
to reverse this reduction (Fig. 4D and E). Therefore, METTL3 promotes 
the effect of osteosarcoma cells on the differentiation of MSCs into CAFs 
via TGF-β1.

3.5. METTL3/ TGF-β1 signaling axis promotes the progression of 
osteosarcoma induced by MSCs

MG-63 OS cells with various modifications were utilized to establish 
xenograft osteosarcoma models with or without MSCs in nude mice. The 

results indicated that MSCs could promote tumor growth, whereas the 
knockdown of METTL3 inhibited tumor growth. Additionally, this 
knockdown also mitigated the stimulatory effects of MSCs on tumor 
growth (Fig. 5A–C). The results from western blotting and qPCR also 
demonstrated that MSCs could stimulate the expression of Ki-67, TGF- 
β1, and METTL3. Conversely, the inhibition of METTL3 led to a down
regulation of these molecular expressions and diminished the impact of 
MCSs on their expression levels (Fig. 5D and E). The CAF marker 
(α-SMA, FSP-1 and FAP) expression levels showed similar trends in 
response to MSCs and/or METTL3 inhibition in tumors derived from 
these xenograft models (Fig. 5F and G). Moreover, immunohistochem
istry results demonstrated that MSCs had the ability to increase TGF-β1 
and α-SMA expression, but the knockdown of METTL3 decreased these 
protein levels, which could be partially reversed by MSCs (Fig. 5H). 
Collectively, the METTL3/TGF-β1 axis may promote MSC-induced 
tumor progression in osteosarcoma.

In summary, the results indicated that osteosarcoma cells could 
induce MSCs to differentiate into CAFs by secreting TGF-β1. Further
more, METTL3 was found to enhance the stability and expression of 
TGF-β1 mRNA by mediating its m6A modification. A detailed summary 
of the results is shown in Fig. 6.

Fig. 4. METTL3 enhances the ability of osteosarcoma cells to induce the differentiation of MSCs into CAFs via TGF-β1. (A) TGF-β1 mRNA expression evaluated by 
qPCR. (B) TGF-β1 protein level examined by western blot. (C) TGF-β1 level in culture medium measured by ELISA. (D) α-SMA, FSP-1, and FAP mRNA expression 
evaluated by qPCR. (E) α-SMA, FSP-1, and FAP protein levels examined by western blot. n = 3. Data were displayed as mean ± SD and analyzed with Student’s t-test 
or one-way ANOVA followed by Turkey post hoc test. *p < 0.05, **p < 0.01, ***p < 0.001.
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4. Discussion

Osteosarcoma is one of the most prevalent malignancies of the 
skeletal system [28]. Currently, the standard treatment involves a 
combination of surgery and multi-drug chemotherapy, which has 
remained unchanged [4,29]. However, these strategies are primarily 
effective for early-stage tumors [30]. Therefore, there is an urgent need 
to identify effective treatments for advanced osteosarcoma. As one of the 
most prevalent and significant cell types in the bone matrix, human bone 

marrow MSCs possess the potential to differentiate into CAFs. Previous 
studies have demonstrated that TGF-β1 can promote this process in tu
mors [31,32]. In addition, numerous studies have indicated that CAFs 
play a crucial role in tumor progression [33,34]. Therefore, elucidating 
the interaction mechanisms between osteosarcoma cells and MSCs may 
pivotal in developing new treatment strategies. We investigated the 
combined impact of TGF-β1 and METTL3 on the key process by which 
osteosarcoma cells induced MSCs to differentiate into CAFs using a co- 
culture technique. Additionally, we analyzed the effects of the 

Fig. 5. METTL3/TGF-β1 signaling axis promotes the progression of osteosarcoma induced by MSCs. (A) Size of xenograft tumor tissues. (B) Volume growth curve of 
xenograft tumor tissues. (C) Weight of xenograft tumor tissues. (D) METTL3, TGF-β1 and Ki-67 mRNA expression level evaluated by qPCR. (E) METTL3, TGF-β1 and 
Ki-67 protein level examined by western blot. (F) α-SMA, FSP-1, and FAP mRNA expression evaluated by qPCR. (G) α-SMA, FSP-1, and FAP protein level examined by 
western blot. (H) Immunohistochemical detection of TGF-β1 and α-SMA. n = 5. Data were displayed as mean ± SD and analyzed with one-way ANOVA followed by 
Turkey post hoc test. *p < 0.05, **p < 0.01, ***p < 0.001.
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METTL3/TGF-β1 signaling axis on promoting MSC-mediated osteosar
coma progression through in vivo experiments in a xenograft model, 
highlighting directions for future research on potential treatments.

CAFs are the most abundant non-malignant cells in TME. Under 
normal conditions, CAFs remain in a quiescent state as mesenchymal 
cells; however, they become activated in response to the TME or during 
tissue repair processes [35]. High expression levels of CAF markers, such 
as α-SMA, FSP-1 and FAP, indicate extensive the large-scale production 
and activation of CAFs, which may correlate with a poor prognosis for 
the tumor [36,37]. TGF-β1 derived from tumor cells in adenocarcinoma 
can facilitate the transformation of MSCs into CAFs. Furthermore, 
inbiting TGF-β1 in MSCs can effectively inpede this transformation 
process [22,23,32]. Previous studies have shown that TGF-β1 can induce 
the transformation of bone marrow MSCs into CAFs and enhance the 
stability of CAFs by promoting the secretion of inflammatory cytokines 
such as IL-6 [38]. In the present study, we demonstrated that osteosar
coma cells possess the ability to induce human MSCs to differentiate into 
CAFs through the overexpression and secretion of TGF-β1. Following co- 
culturing with human osteosarcoma cells, the expression of CAF marker 
proteins in bone marrow MSCs was significantly upregulated, confirm
ing that differentiation into CAFs occurred in MSCs. Furthermore, our 
experiments indicated that knocking down TGF-β1 in osteosarcoma cells 
could partially reverse this induction effect.

Multiple studies have demonstrated that m6A modification is crucial 
for the upregulation of TGF-β1 expression [39,40]. Currently, it has been 
established that the upregulation of TGF-β1 is closely linked to the 
upregulation of METTL3/METTL14 and global m6A hypermethylation 
in activated Kupffer cells [39]. Lu et al. indicated that METTL3 can 
promote the differentiation of lung-resident MSCs into myofibroblasts 
through the regulation of m6A RNA methylation [41]. In osteosarcoma 
cells, there is a general upregulation of METTL3 expression [42]. In 
addition, studies have demonstrated that METTL3 can promote the 
migration and proliferation of osteosarcoma cells by editing m6A mod
ifications on various oncogenes [24,43]. Therefore, this study hypoth
esizes that METTL3 may also induce the differentiation of MSCs in the 
TME of osteosarcoma into CAFs through the modification of specific, 
thereby stimulating the growth and migration of osteosarcoma. Our 
results provided strong evidence that METTL3 induced the differentia
tion of MSCs into CAFs within the osteosarcoma TME by directly 
mediating the m6A modification of TGF-β1 mRNA. This findings aligns 
with previous studies conducted in other sites, including the 

gastrointestinal tract and lung [41,44]. In addition, it is consistent with 
multiple prior studies demonstrating that in vivo xenograft experiments 
indicate the METTL3/TGF-β1 signaling axis is crucial for osteosarcoma 
progression by promoting the differentiation of MSCs into CAFs. 
Furthermore, METTL14 can also regulate the expression of TGF-β1 [39]; 
however, it remains unclear whether METTL14 facilitates the trans
formation of MSCs into CAFs by regulating TGF-β1 in an m6A manner. 
This uncertainty presents a potential avenue for future research.

In summary, METTL3 expression is upregulated in osteosarcoma 
cells, promoting the differentiation of bone marrow MSCs into CAFs 
within the TME through the m6A methylation modification of TGF-β1 
mRNA, which in turn, promote the progression and exacerbation of 
osteosarcoma. These findings offer new insights into the mechanisms of 
m6A gene expression regulation mediated by METTL3 and highlight the 
role of the TME in the promotion of osteosarcoma. Furthermore, this 
study presents novel approaches for the non-surgical treatment of 
advanced osteosarcoma.
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