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Abstract. Osteosarcoma is a common primary bone cancer 
that there are currently no effective treatment strategies for. 
Forkhead box M1 (FoxM1) is key in the development of osteo‑
sarcoma, and microRNA (miR)‑216b serves an antitumor role 
by targeting FoxM1. Moreover, thiostrepton (TST), a natural 
thiazole antibiotic, induces antitumor effects and specifically 
targets FoxM1. Therefore, the present study investigated 
whether thiostrepton and miR‑216b synergistically inhibited 
osteosarcoma cells by targeting FoxM1. The MTT assay, 
reverse transcription‑quantitative PCR, a dual‑luciferase 
reporter assay and flow cytometry were performed. Compared 
with the human osteoblast cell line hFOB1.19, miR‑216b 
expression was significantly downregulated in the osteosar‑
coma cell lines U2OS, MG63 and Saos‑2. By contrast, FoxM1 
expression was significantly upregulated in osteosarcoma 
cell lines compared with the hFOB1.19 cell line. The results 
indicated that miR‑216b targeted the 3'‑untranslated region of 
FoxM1. Moreover, the results suggested that miR‑216b coop‑
erated with TST to decrease cell cytotoxicity and increase 
cell apoptosis. In addition, miR‑216b cooperated with TST 
to increase Bax expression and decrease Bcl‑2 expression. In 
conclusion, the combination of TST and miR‑216b synergisti‑
cally promoted osteosarcoma cell cytotoxicity and apoptosis 
by targeting FoxM1. Therefore, the present study suggested 
that the combination of TST and miR‑216b may serve as a 
promising therapeutic strategy for osteosarcoma.

Introduction

Osteosarcoma is a common type of primary bone cancer, 
with an incidence of 4‑5  per  million individuals and a 
60‑70% 5‑year survival rate (1). In recent years, increasing 

research has been conducted to develop clinical therapeutic 
strategies for osteosarcoma, including chemotherapy, radio‑
therapy and surgery; however, the survival rate of patients 
with osteosarcoma remains low (2). Therefore, identifying 
the molecular mechanisms underlying the occurrence and 
progression of osteosarcoma is important for the development 
of effective therapeutic agents.

MicroRNAs (miRNAs/miRs) are small, endogenous 
non‑coding RNAs that contain 20‑25 nucleotides. By post-
transcriptionally regulating the silencing of genes in the 
3'‑untranslated region  (3'‑UTR), miRNAs are involved in 
biological processes, including tumor occurrence, growth and 
progression (3). miR‑216 is downregulated in numerous types 
of tumors, which suggests that miR‑216 may serve as a prom‑
ising prognostic indicator (4,5). By knocking down syndecan 
binding protein in breast cancer or Cyclin  T2 in gastric 
cancer, miR‑216 effectively inhibits cancer cell proliferation 
and migration (6,7). By targeting FoxM1, miR‑216 suppresses 
proliferation, migration and invasion in osteosarcoma cells, as 
well as in liver and cervical cancer cells (8‑10). In addition, 
miR‑216 is closely linked to improved outcomes in patients 
with cervical cancer (10).

Thiostrepton (TST) is a natural cyclic oligopeptide 
antibiotic of the thiopeptide class, which is derived from 
streptomyces (11). TST was first studied in breast cancer as 
a FoxM1 and proteasome inhibitor in 2008 (12). In vivo and 
in vitro evidence has demonstrated the significant anticancer 
effects of TST  (11). By targeting FoxM1 protein and the 
proteasome, TST induces cell apoptosis in ovarian and lung 
cancer, as well as in other types of tumor cells (13‑15). As a 
novel anticancer target, TST has been extensively studied in 
tumor research (11). Additionally, by targeting FoxM1, TST is 
involved in the progression of Ewing's sarcoma and synovio‑
sarcoma (16‑18). The present study investigated FoxM1 as a 
common target of TST and miR‑216b, and the co‑influences of 
TST and miR‑216b on osteosarcoma cell behaviors.

Materials and methods

Cell culture. Human osteosarcoma cell lines (U2OS, MG63 
and Saos‑2) and the human osteoblast cell line (hFOB1.19) 
were purchased from The Cell Bank of Type Culture Collection 
of the Chinese Academy of Sciences. Cells were cultured in 
Dulbecco's Modified Eagle's medium (Gibco, Thermo Fisher 
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Scientific, Inc.) supplemented with 10% fetal bovine serum 
(Gibco, Thermo Fisher Scientific, Inc.), 100 U/ml penicillin 
and 100  µg/ml streptomycin with 5%  CO2 at 37˚C. Cells 
in the logarithmic growth phase were used for subsequent 
experiments.

Cell transfection. Cells were seeded (5x105 cells/well) into 6‑well 
plates. Subsequently, cells were transfected with miR‑216b 
mimic (Shanghai GenePharma Co., Ltd.) or mimic‑negative 
control (NC) (Shanghai GenePharma Co., Ltd.). The miR‑216b 
mimic sequence was 5'‑AAA​UCU​CUG​CAG​GCA​AAU​
GUG​A‑3', and the mimic‑NC sequence was 5'‑UUC​UCCG​
AACG​UGU​CAC​GUTT‑3'. miR‑216b mimic or mimic‑NC 
were transfected at a final concentration of 50  nM using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). Following culture for 6 h at 37˚C, the medium was 
replaced. At 48 h post‑transfection, cells were used for subse‑
quent experiments.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was extracted from cells using TRIzol® 
(Thermo Fisher Scientific, Inc.). Total RNA was reverse tran‑
scribed into cDNA using the M‑MLV reverse transcription 
kit (cat. no. RR047A; Takara Bio, Inc.). Relative miR‑216b 
expression was determined using the miRNA Real‑Time PCR 
Assay kit (Aidlab Biotechnologies, Ltd.). Relative FoxM1 
expression was determined using SYBR Premix Ex Taq™ II 
with Tli RNaseH (cat. no. RR820A, Takara Bio, Inc.) and an 
ABI PRISM 7500 system (Thermo Fisher Scientific, Inc.). The 
following primers were used for qPCR: miR‑216b forward, 
5'‑AAA​UCU​CUG​CAG​GCA​AAU​GUGA‑3' and reverse, 
5'‑ACA​UUU​GCC​UCC​AGA​GAU​UUU​U‑3'; β‑actin forward, 
5'‑AAA​CTG​GAA​CGG​TGA​AGG​TG‑3' and reverse, 5'‑AGT​
GGG​GTG​GCT​TTT​AGG​AT‑3'; FoxM1 forward, 5'‑TGC​CCA​
GCA​GTC​TCT​TAC​CT‑3' and reverse, 5'‑CTA​CCC​ACC​TTC​
TGG​CAG​TC‑3'; and U6 forward, 5'‑CTC​GCT​TCG​GCA​GCA​
CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'. 
miRNA and mRNA expression levels were quantified using 
the 2‑ΔΔCq method (19) and normalized to the internal reference 
genes U6 and β‑actin, respectively.

MTT assay. The MTT assay was performed to assess cell cyto‑
toxicity. Transfected cells were seeded (3x103 cells/well) into 
96‑well plates and cultured at 37˚C overnight. Subsequently, 
cells were treated with different concentrations (1, 2, 3 and 
5 µM) of TST (cat. no. MB13332; Meilunbio) at 37˚C for 48 h. 
Cells were incubated with 5 mg/ml MTT solution at 37˚C for 
4 h. Subsequently, DMSO was added to dissolve the formazan 
crystals. The optical density (OD) of each well was measured 
at a wavelength of 490 nm. Cell cytotoxicity (%) = (average 
OD490 of the control group‑average OD490 of the experimental 
group)/(average OD490 of the control group‑average OD490 of 
the blank group) x100.

Western blotting. Cells were washed twice in cold PBS and 
total protein was extracted using RIPA lysate (cat. no. P0013C; 
Beyotime Institute of Biotechnology) containing protease 
inhibitor (Merck KGaA). Total protein was quantified using the 
bicinchoninic acid protein assay kit (cat. no. P0012S; Beyotime 
Institute of Biotechnology). Proteins (40 µg) were separated via 

10% SDS‑PAGE and transferred onto PVDF membranes, which 
were blocked in 5% skim milk at room temperature for 1 h. The 
membranes were incubated the following primary antibodies at 
4˚C: Anti‑FoxM1 (cat. no. A2493; ABclonal Biotech Co., Ltd.), 
anti‑Bax (cat. no. A0207; ABclonal Biotech Co., Ltd.), anti‑Bcl‑2 
(cat. no. 2870; Cell Signaling Technology, Inc.) and anti‑tubulin 
(cat.  no.  2144; Cell Signaling Technology). Subsequently, 
the membranes were incubated with a horseradish peroxi‑
dase‑conjugated secondary antibody (cat. no. A0208; Beyotime 
Institute of Biotechnology) at room temperature for 1 h. Protein 
bands were visualized using ECL plus reagent (Thermo Fisher 
Scientific, Inc.) and a Chemo XRS+ luminometer (Bio‑Rad 
Laboratories). Protein expression levels were quantified using 
Quantity One software (Bio‑Rad Laboratories) with tubulin as 
the loading control.

Renilla luciferase activity. The binding sites between FoxM1 
and miR‑216b were predicted using TargetScan software 
(version  7.2.0; www.TargetScan.org/vert_72). The 1.8  kb 
binding sequences in the 3'UTR of FoxM1 were cloned into the 
pmiR‑GLO vector (Promega Corporation) to construct FoxM1 
3'‑UTR wild‑type  (wt). Using the GeneTailer site‑directed 
mutagenesis kit (Invitrogen; Thermo Fisher Scientific, Inc.), 
binding sequences were mutated to generate FoxM1 3'‑UTR 
mutant (mut). U2OS and MG63 cells were seeded into 96‑well 
plates until the confluence reached 70%, and then the cells 
were co‑transfected by Lipofectamine® 2000 with FoxM1 
3'‑UTR wt or FoxM1 3'‑UTR mut and miR‑216b mimic or 
mimic‑NC according to the protocol. Following transfection 
for 48 h, relative luciferase activity was measured using the 
Dual‑Luciferase Reporter assay kit (Promega Corporation).

Apoptosis analysis (early and late apoptosis). At 48  h 
post‑transfection/TST treatment, cells were washed twice 
with cold PBS. Cell apoptosis was detected using the Annexin 
APC/7AAD kit (Nanjing KeyGen Biotech Co., Ltd.) according 
to the manufacturer's protocol. Annexin V‑positive cells were 
defined as apoptotic cells. Apoptotic cells were analyzing 
using a FACSCalibur flow cytometer (BD Biosciences) and 
CellQuest Pro software (version 5.1; BD Biosciences).

Statistical analysis. Statistical analyses were performed using 
SPSS software (version 17.0; IBM Corp.). Data are expressed 
as the mean ±  standard deviation. All data conformed to 
normal distribution. Comparisons among multiple groups 
were analyzed using one‑way ANOVA followed by Tukey's or 
Bonferroni's post hoc test. P<0.05 was considered to indicate 
a statistically significant difference. All experiments were 
performed in triplicate and repeated three times.

Results

Opposite expression patterns of FoxM1 and miR‑216b in 
osteosarcoma cells. Compared with the human osteoblast cell 
line hFOB1.19, miR‑216b was significantly downregulated in 
osteosarcoma cell lines U2OS, MG63 and Saos‑2 (Fig. 1A). 
By contrast, the mRNA (Fig. 1B) and protein (Fig. 1C and D) 
expression levels of FoxM1 were significantly upregulated in 
the osteosarcoma cell lines U2OS, MG63 and Saos‑2 compared 
with the hFOB1.19 cell line.
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miR‑216b targets the 3'‑UTR of FoxM1. Based on a previous 
report  (6) and online prediction, the results indicated that 
miR‑216b bound to the 3'‑UTR of FoxM1 (Fig. 2A). Compared 
with the mimic‑NC group, miR‑216b overexpression signifi‑
cantly decreased the luciferase activity of FoxM1 3'‑UTR wt, 
whereas miR‑216b overexpression did not significantly alter the 
luciferase activity of FoxM1 3'‑UTR mut (Fig. 2B), indicating 
that miR‑216b bound to the 3'‑UTR of FoxM1. Additionally, 
the regulatory effects of miR‑216b on FoxM1 expression were 
examined via RT‑qPCR and western blotting. FoxM1 mRNA 
expression levels were not significantly altered by miR‑216b 
overexpression compared with the mimic‑NC group (Fig. 2C). 
However, miR‑216b overexpression significantly decreased 
FoxM1 protein expression levels in U2OS and MG63 cells 
compared with the mimic‑NC group (Fig. 2D).

Effects of TST and miR‑216b on osteosarcoma cell cytotoxicity 
and apoptosis. TST increased U2OS and MG63 cell cytotox‑
icity in a dose‑dependent manner (Fig. 3A). FoxM1 mRNA 
expression levels were decreased by TST treatment in U2OS 
and MG63 cells in a dose‑dependent manner compared with 
the control group (0 µM TST; Fig. 3B). By contrast, compared 
with the control group (0 µM TST), miR‑216b expression 
levels were not notably altered by TST treatment (Fig. 3C). 
miR‑216b overexpression significantly increased miR‑126b 
expression levels in U2OS, MG63 and hFOB1.19 cells 

compared with the untreated cells (Fig. 3D). Treatment with 
1 µM TST significantly decreased osteosarcoma cell cytotox‑
icity (Fig. 3E) and significantly increased osteosarcoma cell 
apoptosis (Fig. 3F) compared with untreated osteosarcoma 
cells. miR‑216b overexpression enhanced the regulatory 
effects of TST on osteosarcoma cell cytotoxicity and apoptosis 
(Fig. 3E and F). Subsequently, osteosarcoma cells were treated 
with miR‑126 mimic and different concentrations of TST. The 
results indicated that there was a notable synergistic effect 
between miR‑216b and TST on osteosarcoma cell cytotoxicity 
(Fig. 3G).

miR‑216b and TST co‑regulate apoptosis‑associated genes 
in osteosarcoma cells. The results indicated that 1 µM TST 
notably downregulated the mRNA and protein expression 
levels of FoxM1 in U2OS  cells compared with untreated 
cells (Fig.  4A and B). However, miR‑216b overexpression 
only amplified the inhibitory effect of TST on FoxM1 protein 
expression (Fig. 4B). In addition, protein expression levels of 
apoptosis‑associated genes Bax and Bcl‑2 were detected. The 
western blotting results indicated that TST treatment markedly 
increased Bax expression and decreased Bcl‑2 expression in 
U2OS cells compared with untreated cells (Fig. 4B); however, 
TST‑induced alterations to Bax and Bcl‑2 expression were 
enhanced by miR‑216b overexpression. Similar results were 
obtained in MG63 cells (Fig. 4C and D).

Figure 1. Opposite expression patterns of FoxM1 and miR‑216b in osteosarcoma cells. The expression level of (A) miR‑216b and (B) FoxM1 mRNA in 
osteoblast and osteosarcoma cells. FoxM1 protein expression levels were (C) determined by western blotting and (D) semi‑quantified. *P<0.05, **0.05≤P<0.01. 
FoxM1, forkhead box M1; miR, microRNA. 



CAI et al:  TST AND miR-216b INHIBIT OSTEOSCARCOMA BY TARGETING FoxM14

Discussion

As a cancerous bone tumor, osteosarcoma primarily affects 
the metaphysis of long bones, especially the regions around 
the knee, and it is highly prevalent in children and teen‑
agers (1). Currently, the therapeutic efficacy of osteosarcoma 
treatment strategies is not ideal. Limb‑preserving surgery is 
widely used for the treatment of osteosarcoma; however, even 
with radical amputation, 10% of patients experience local 
relapse and 40‑50%  suffer from lung metastases  (20‑22). 
Moreover, large bone defects caused by surgery do not heal 
easily, which seriously affects the limb function of affected 
patients (1). Therefore, understanding the pathogenesis and 
etiology of osteosarcoma is important for the development of 
highly specific and less toxic targeted drugs. Osteosarcoma 
progression is complicated, involving multiple signaling path‑
ways, vital factors, and regulatory miRNAs and their target 
genes (23,24).

FoxM1 is part of the forkhead box family of transcription 
factors, containing a winged helix in the DNA‑binding region 
that consists of 100 amino acids (25). FoxM1 expression is 
upregulated in numerous different human tumor types, which 

indicates its vital involvement in tumor progression (25,26). In 
the prognostic landscape of >18,000 genes across 39 human 
cancer types, the FoxM1 regulatory network is the main 
prognostic indicator for poor prognosis, in cancers such as 
lung cancer, colon cancer, liver cancer, head and neck cancer, 
brain cancer and others (27). Nevertheless, the exact mecha‑
nisms underlying the anticancer functions of FoxM1 are not 
completely understood. One potential theory suggested that 
FoxM1 transcription activation enhances tumorigenicity, 
including promoting tumor cell proliferation (28). Another 
theory proposed that FoxM1 supports different carcinogenetic 
signaling pathways, including the Wnt, SMAD3 and NF‑κB 
signaling pathways, by interacting with other proteins (29). 
A relevant study indicated that FoxM1 is upregulated in 
osteosarcoma cells and triggers cell proliferation, migration 
and invasion (8). FoxM1 knockdown via RNA interference 
induces tumor cell proliferation and anchors independent 
growth (30). Meanwhile, FoxM1 silencing can inhibit tumor 
cell migration, invasion and tumorigenesis (28). Based on the 
aforementioned studies, it has been suggested that FoxM1 
may serve as a novel osteosarcoma drug target. The present 
study indicated that FoxM1 expression was upregulated in 

Figure 2. FoxM1 is a target of miR‑216b. (A) The binding sites between miR‑216b and FoxM1. (B) The interaction between miR‑216b and the 3'‑UTR of FoxM1 
was detected by performing a dual‑luciferase reporter assay. The (C) mRNA and (D) protein expression levels of FoxM1 following miR‑216b overexpression. 
**0.05≤P<0.01. FoxM1, forkhead box M1; miR, microRNA; 3'‑UTR, 3'‑untranslated region; wt, wild‑type; mut, mutant; NS, not significant. 
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Figure 3. Effects of TST and miR‑216b on cell cytotoxicity and apoptosis. (A) Effect of TST on U2OS and MG63 cell (A) cytotoxicity, (B) FoxM1 mRNA 
expression and (C) miR‑216b expression. (D) miR‑216b expression levels following transfection with miR‑216b mimic or mimic‑NC. The effects of TST 
(1 µM) and miR‑216b mimic on U2OS and MG63 cell (E) cytotoxicity of miR‑216b and TST treatment in normal and cancer cells; and (F) apoptosis. 
(G) Relationship between TST concentration and its potency. The combined effect of TST (1 µM) and miR‑216b mimic on U2OS and MG63 cell cytotoxicity. 
*P<0.05, **0.05≤P<0.01. TST, thiostrepton; miR, microRNA; FoxM1, forkhead box M1; NC, negative control; NS, not significant.
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osteosarcoma cell lines compared with the human osteoblast 
cell line hFOB1.19.

The diagnostic and prognostic potential of miRNAs for 
tumors has recently been reported, with a number of miRNAs 
being used a tumor biomarkers and targeted drugs  (31). 
Moreover, miRNAs are involved in osteosarcoma‑associated 
signaling pathway regulation, which provides a novel strategy 
for identifying the molecular mechanisms underlying osteo‑
sarcoma (32). The miRNAs and drug resistance relationships 
in osteosarcoma have been identified, which further broadens 
the knowledge of the structure and functions of miRNAs 
in the disease (33). It has been predicted that miRNAs will 
reverse chemotherapy resistance in future analyses  (34). 
miR‑216b is a member of the miR‑216 cluster and is located 
on human chromosome 2p16.1 (35). A previous study demon‑
strated the close relationship between miR‑216b and different 
types of human cancer such as breast cancer, cervical cancer 
and colorectal cancer (35). miR‑216b inhibits proliferation 
and promotes apoptosis in pancreatic cancer and clear cell 
renal cell carcinoma by downregulating KRAS (36,37). In 
colorectal cancer, miR‑216b suppresses tumors by activating 
the JAK2/STAT3 signaling pathway (38). miR‑216b is down‑
regulated in non‑small cell lung cancer (NSCLC) tissues and 
cell lines. Multivariate Cox regression analysis indicated that 
miR‑216b is an independent prognostic factor for patients 

with NSCLC (39). By targeting FoxM1 and SOX9, miR‑216b 
regulates NSCLC proliferation and invasion  (39,40). 
miR‑216b is also downregulated in breast cancer samples, 
which suppresses breast cancer cell proliferation by targeting 
the purinergic receptor P2X7 (41). A recent study reported 
that the miR‑216b/FoxM1 axis inhibits osteosarcoma prolif‑
eration, migration and metastasis (8). In the present study, 
miR‑216b was downregulated in osteosarcoma cell lines 
compared with the hFOB1.19 cell line, and the results indi‑
cated that miR‑216b regulated FoxM1 protein expression by 
binding to the 3'UTR.

TST has been widely applied in the clinic as a natural 
cyclic oligopeptide antibiotic of the thiopeptide class, which is 
derived from streptomyces (11). TST exerts a specific targeted 
inhibitory effect on FoxM1, but whether or not FoxM1 can 
be downregulated by TST poses little impact on the activity 
of other transcription factors (42‑44). Previous studies have 
demonstrated that TST can inhibit proliferation and induce 
apoptosis in different types of malignant tumors by down‑
regulating FoxM1, thereby indicating that TST displays 
strong anticancer activity  (45,46) TST has a limited toxic 
effect on normal cells, and in vivo experiments also verified 
that TST treatment at an effective anticancer concentration 
presents few toxic effects (46‑48). The combined treatment 
of TST, cisplatin and Bortezomib significantly improves the 

Figure 4. miR‑216b and TST co‑regulate Bax/Bcl‑2 expression via FoxM1. FoxM1 (A) mRNA and (B) protein expression levels in U2OS cells. FoxM1 
(C) mRNA and (D) protein expression levels in MG63 cells. **0.05≤P<0.01. miR, microRNA; TST, thiostrepton; FoxM1, forkhead box M1.
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therapeutic sensitivity of breast cancer (49,50). Therefore, the 
aforementioned studies indicated that TST may serve as a 
potential anticancer treatment by targeting FoxM1. Previous 
studies have proposed that TST, as a FoxM1 inhibitor, may 
serve as a novel therapeutic agent for Ewing's sarcoma (17,18). 
The results of the present study indicated that TST reduced 
osteosarcoma cell cytotoxicity and negatively regulated 
FoxM1 mRNA expression levels.

In the present study, since FoxM1 is the common target 
of TST and miR‑216b, osteosarcoma cells were treated with 
different TST concentrations and subsequently, miR‑216b 
expression levels were detected. miR‑216b expression 
levels were not significantly altered by TST compared 
with the control group. The present study also indicated 
that 1  µM TST displayed an inhibitory effect on osteo‑
sarcoma cytotoxicity. Subsequently, miR‑216b mimic‑ or 
mimic‑NC‑transfected osteosarcoma cells were treated with 
1 µM TST. Cytotoxicity was decreased by TST treatment 
in miR‑216b‑overexpression osteosarcoma cells compared 
with the control group. The combination of miR‑216b mimic 
and TST indicated that there was a notable synergistic effect 
between miR‑216b and TST. Furthermore, TST significantly 
decreased FoxM1 mRNA expression levels, which were not 
altered by miR‑216b overexpression, compared with the 
control group. However, miR‑216b synergistically down‑
regulated FoxM1 protein expression levels in TST‑treated 
osteosarcoma cells. It has been suggested that TST 
and miR‑216b independently target FoxM1, which combined 
with the results of the present study indicated that TST and 
miR‑216b may display synergistic effects on osteosarcoma 
progression via FoxM1.

Jin et al (51) reported that TST treatment downregulated 
FoxM1, matrix metallopeptidase 9 and Bcl‑2 expression in 
a dose‑dependent manner in endometriosis rat samples. By 
downregulating cyclin D1 and cyclin E1, TST stops cell cycle 
progression at the early S phase; moreover, TST suppresses 
laryngeal squamous cell carcinoma (LSCC) DNA synthesis 
in a dose‑ and time‑dependent manner (52). Similarly, TST 
induces LSCC apoptosis in a dose‑ and time‑dependent 
manner via cytochrome C release, Bcl‑2 downregulation, 
and upregulation of Bax, p53, cleaved Caspase‑9, cleaved 
Caspase‑3 and cleaved poly(ADP‑ribose) polymerase 1 (52). 
The present study assessed cell apoptosis by detecting Bax and 
Bcl‑2 expression levels. miR‑216b overexpression combined 
with TST treatment increased Bax expression and decreased 
Bcl‑2 expression compared with the control group, thereby 
promoting osteosarcoma cell apoptosis.

Collectively, to the best of our knowledge, the present study 
indicated for the first time that miR‑216b was downregulated 
in osteosarcoma cells compared with hFOB1.19 cells, and its 
expression was not altered by TST treatment. Moreover, the 
results indicated that TST and miR‑216b targeted FoxM1, 
synergistically inhibiting cytotoxicity and stimulating apop‑
tosis in osteosarcoma cells. Therefore, the combined used 
of TST and miR‑216b may serve as a promising therapeutic 
strategy for osteosarcoma.
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