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Abstract. Osteosarcoma (OS) metastasis and recurrence and 
multidrug resistance are three major obstacles in the clinic. 
New highly effective and low toxicity drugs for osteosarcoma 
are needed. The antitumoral efficacy of cetrimonium 
bromide (CTAB), a quaternary ammonium compound, is 
gradually being investigated. The aim of the present study 
was to investigate the effects of CTAB on OS cells and the 
underlying mechanisms. CTAB inhibited the proliferation of 
osteosarcoma cells in a concentration‑ and time‑dependent 
manner, resulting in cell cycle arrest in G1 phase. CTAB 
also suppressed the migration and invasion of HOS and 
MG63 cells at a low concentration without inhibiting the 
growth of human osteoblasts. Moreover, CTAB promoted 
caspase‑mediated apoptosis of osteosarcoma cells through 
the PI3K/AKT cascade, and this effect was accompanied by 
obvious mitochondrial toxicity. In vivo, CTAB inhibited OS 
proliferation without inducing organ toxicity. In conclusion, 
this study reveals that CTAB has an inhibitory effect on OS by 
suppressing proliferation and metastasis and inducing apop‑
tosis through the PI3K/AKT signaling pathway and identifies 
CTAB as a potential therapeutic drug.

Introduction

Osteosarcoma (OS), one of the most common primary bone 
malignant tumors, usually occurs in children and adolescents 
aged 10‑20  years; it is associated with a high degree of 
morbidity, and patients are prone to recurrence and metas‑
tasis, leading to a poor prognosis (1‑3). Osteosarcoma tends 
to occur in areas where bone growth and bone turnover are 
more active, such as a typical long‑axis medullary bone tumor 
in growing adolescents. Despite the innovative development 

of neoadjuvant chemotherapy and surgery, which have the 
tremendous ability to shrink tumors and eliminate small 
lesions to ensure complete surgical resection and reduce 
tumor recurrence and metastasis, the 5‑year survival rate of 
patients is less than 70% (4,5). This outcome may be related 
to various issues, such as complex pathogenesis, tumor 
heterogeneity, lack of novel adjuvant drugs, and an imperfect 
evaluation system. In addition, multidrug resistance caused 
by cross‑resistance of chemotherapeutic drugs is a widely 
recognized problem (6). Previous findings have shown that 
alterations in the combination of chemotherapeutic drugs and 
the methods of administration do not improve 5‑year survival, 
even when the doses are increased (7,8). The major limitations 
of current clinical treatment regimens for osteosarcoma are 
recurrence and primary or secondary chemical resistance (9). 
Therefore, since surgical strategies have been developed, drug 
discovery is the key to improving survival rates.

In a previous study, a cell‑based and phenotype‑based 
high‑throughput screening of approximately 2400 bioactive 
or clinically used compounds from the FDA‑approved drug 
library (Selleck Chem) was conducted and it was found that, 
cetrimonium bromide (CTAB) has a tremendous inhibitory 
effect on osteosarcoma. CTAB, a quaternary ammonium 
compound, is used as a topical antiseptic and may play a 
variety of roles in cancer treatment, exhibiting the ability 
to penetrate the hydrophobic barriers of the plasma and 
mitochondrial membranes and accumulate in mitochondria 
under a negative transmembrane potential, which leads to 
mitochondrial toxicity (10,11). Furthermore, the cation part of 
CTAB is the cause of bacterial cell wall damage, leading to 
the leakage of essential cell components. Notably, no adverse 
effects are observed in humans when CTAB is used as surgical 
lavage fluid, which also lays the foundation for our exploration 
of its effect on osteosarcoma (12,13).

In summary, due to the urgency of exploring new drugs 
for osteosarcoma and the results of aforementioned studies, 
in the present study the effects of CTAB on the proliferation, 
apoptosis, invasion and metastasis of osteosarcoma and its 
underlying mechanisms were examined for the first time.

Materials and methods

Cells and animals. The human osteosarcoma cells (HOS, 
MG63 and U2OS) and human osteoblast line (hFOB1.19) 
used in this study were obtained from the Cell Bank of the 
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Type Culture Collection of the Chinese Academy of Sciences 
(Shanghai, China). All of the cell lines were authenticated 
by Short Tandem Repeat (STR) profiling. The simian virus 
40‑transfected hFOB1.19 cells were applied to detect whether 
CTAB is toxic to normal human osteoblasts. The cells were 
cultured in high‑glucose Dulbecco's modified Eagle's medium 
(DMEM; HyClone) supplemented with 10% fetal bovine 
serum (FBS; Invitrogen; Thermo Fisher Scientific, Inc.), and 
1% penicillin/streptomycin (Sigma‑Aldrich; Merck KGaA), 
and incubated at 37˚C with 5% CO2. BALB/c nude mice 
(male, 4‑5 weeks, 20‑22 g) were obtained from the Shanghai 
SLAC Laboratory Animal Co and housed in a standard 
animal environment (22‑26 ̊ C, 40‑70% humidity) with free 
access to water and food. All animal experiments were 
approved by the Animal Research Committee of the First 
Affiliated Hospital of Chinese Medical University.

Antibodies and reagents. CTAB was purchased from 
Sigma‑Aldrich; Merck KGaA. PI3K agonist 740 Y‑P were 
purchased from MedChemExpress (MCE). Antibodies 
against caspase‑3 (1:1,000 dilution; cat. no. 9662), cleaved 
caspase‑3 (1:1,000 dilution; cat.  no.  9661), caspase‑8 
(1:1,000 dilution; cat.  no.  9746), cleaved caspase‑8 
(1:1,000 dilution; cat. no. 9496), caspase‑9 (1:1,000 dilution; cat. 
no. 9502), cleaved caspase‑9 (1:1,000 dilution; cat. no. 20750), 
PARP (1:1,000 dilution; cat.  no.  9532), cleaved PARP 
(1:1,000 dilution; cat.  no.  32563), AKT (1:1,000 dilution; 
cat. no. 9272) and p‑AKT (1:1,000 dilution; cat. no. 9271) 
were purchased from Cell Signaling Technology. Antibodies 
against PI3K (1:1,000 dilution; cat.  no.  180967), p‑PI3K 
(1:1,000 dilution; cat. no. 278545), Bcl‑2 (1:1,000 dilution; 
cat.  no.  32124), Bax (1:1,000 dilution; cat.  no.  32503), 
cytochrome  c (1:5,000 dilution; cat.  no.  133504), and 
β‑actin (1:1,000 dilution; cat.  no.  8226) and secondary 
antibodies (1:5,000 dilution; cat. no. 96899 and 96879) were 
obtained from Abcam. Phosphate‑buffered saline  (PBS) 
was obtained from Gibco; Thermo Fisher Scientific, Inc. 
Radioimmunoprecipitation assay (RIPA) lysis buffer was 
purchased from Santa Cruz Biotechnology.

Cell proliferation assay. OS cells and osteoblasts were 
cultured (1x104 cells/well) in 96‑well plates (Thermo Fisher 
Scientific, Inc.) and treated with CTAB at different concen‑
trations (0, 1, 2, 3, 4, 5, 6, 7, and 8 µM) for 24, 48 and 72 h 
in vitro. After the specified incubation time, 10 µl of CCK‑8 
(Dojindo Molecular Technologies, Inc.) was added to the 
plate, the cells were incubated at 37˚C for 1‑4 h, and the 
absorbance was measured at 450 nm using an ELISA micro‑
plate reader (Bio‑Rad). Cells without CTAB treatment were 
used as negative controls.

Cell cycle analysis. After incubation with a concentration 
gradient of CTAB at 37˚C for 48 h, the cells were collected, 
washed twice with PBS, and then fixed overnight with 70% 
cold ethanol at 4˚C. After the cells had been washed with PBS 
again, they were resuspended in 0.5 ml stain buffer containing 
100 µg/ml RNase A and 50 µg/ml PI (Beyotime Biotech) in 
the dark at room temperature for 30 min and analyzed by a 
flow cytometer (Becton‑Dickinson). Moreover, CytExpert 
(version 2.3) was used for subsequent data analysis.

Cell metastasis assay. OS cell migration and invasion 
were detected by the wound‑healing and Transwell assays, 
respectively. The cells were seeded in 6‑well plates at a density 
of 5x105  cells/well. After the cell monolayer was formed, 
a micropipette tip was used to create a wound. Then, the 
cells were washed with PBS, and the medium was replaced 
with serum‑free high‑glucose DMEM containing different 
concentrations (0, 1, 2 and 4 µM) of CTAB. Cells migrating 
to the wound area were photographed with an inverted micro‑
scope at 0, 6, 18 and 24 h (the average wound size represented 
the relative migration of cells). A 24‑well Transwell chamber 
(Corning Costar) coated with matrix gel (Sigma‑Aldrich; 
Merck KGaA) was used for cell invasion analysis. HOS and 
MG63 cells (5x104 cells/well) were inoculated with medium 
containing different concentrations (0 and 4 uM) of CTAB 
(without FBS) in the upper part of the Transwell chamber, 
and the lower chamber was filled with complete medium 
containing 10% FBS. After 24 h of treatment, the cells in 
the upper chamber were removed, and the remaining cells 
that had invaded through the Matrigel matrix were fixed with 
4% paraformaldehyde, stained with 0.1% crystal violet, and 
counted under an inverted fluorescence microscope (Nikon 
Eclipse Ti‑S). 

Apoptosis analysis by flow cytometry. The effect of CTAB on 
the apoptosis of OS cells was analyzed by using a membrane 
protein V‑FITC apoptosis detection kit (BD Biosciences). HOS 
and MG63 cells were inoculated in 6‑well plates for 24 h and 
then treated with CTAB at a concentration of 0, 2, 4 or 6 µM 
for 48 h. The cells were washed twice with precooled PBS, 
resuspended in 100 µl 1X buffer and then incubated with 
FITC‑labeled Annexin V as well as PI for 15 min at room 
temperature in the dark. Finally, 400 µl 1X binding buffer was 
added to the reaction system, and cell apoptosis was assessed 
by f low cytometry (Becton‑Dickinson) and CytExpert 
(version 2.3).

Western blot analysis. After treatment of HOS and MG63 
cells with different doses of CTAB (0, 2, 4 and 6 µM) for 
48 h, the cells were washed twice with PBS and lysed with 
RIPA buffer comprising protease/phosphatase inhibitors to 
extract total protein. Mitochondrial and cytosolic proteins 
were isolated according to the protocol provided by the mito‑
chondrial extract kit (Thermo Fisher Scientific Inc.). A BCA 
protein assay kit (Beyotime) was used to determine the protein 
concentration. Then, 10 and 12% SDS‑PAGE gels were used 
to separate the proteins (30 µg per lane), which were then 
transferred onto polyvinylidene fluoride (PVDF) membranes. 
The membranes were blocked with 5% bovine serum albumin 
solution at room temperature for 2 h and incubated with all 
the primary antibodies overnight at 4˚C. Then, the membranes 
were incubated with secondary antibody for 2  h at room 
temperature. Subsequently, the results were visualized with an 
enhanced chemiluminescence (ECL) system (UVP Inc.) and 
a Protein Blotting Detection and Imaging Scanner (Bio‑Rad). 
ImageJ (NIH) software was used for quantitative analysis.

Mitochondrial membrane potential (MMP) assay. The 
change in the mitochondrial membrane potential (MMP) of 
osteosarcoma cells after intervention with CTAB was assessed 
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by the JC‑1 Analysis Kit (Beyotime). HOS and MG63 cells 
were seeded in 6‑well plates (5x105/well) overnight and then 
treated with different doses of CTAB for 24 h. The next day, 
the supernatant was removed, and the cells were washed with 
PBS and 1X JC‑1 buffer. Then, the cells were resuspended in 
500 µl JC‑1 staining solution in an incubator for 20 min and 
analyzed by flow cytometry (Beckham).

Tumor xenografts and histopathology. HOS cells (2x106) 
suspended in 100 µl PBS were subcutaneously inoculated 
into the dorsal area of 4‑week‑old male nude mice. Three 
days after inoculation, the mice were randomly divided into 
3 groups (n=4). Then, CTAB (10 or 20 mg/kg/d) was injected 
intraperitoneally every 3 days into each mouse for a total 
of 20 days. The control group was treated with the same 
volume of physiological saline. During the administration 
period, the body weights and tumor sizes of the mice were 
monitored every 3 days. The mice were sacrificed by cervical 
dislocation after 20 days of CTAB treatment, and the tumors 
and major organs, including the liver, lung, kidney, spleen 
and heart, were collected from each group of mice and 
immersed in 4% formalin for immunohistochemical staining 
and hematoxylin and eosin (H&E) staining. The following 
formula was used to calculate the tumor volume: Volume=1/2 
(length x width2). The tissue samples were fixed with 10% 
formalin (for 24 h at room temperature), embedded in paraffin, 
and cut into 4 µm sections. The sections were deparaffinized 
with xylene and then dehydrated with gradient ethanol solu‑
tions. Then, the slides were stained with hematoxylin for 
10 min and eosin for 5 min. Tissue damage was observed 
under a microscope (Nikon) after the slides were sealed with 
neutral resin.

Statistical analysis. Data are expressed as the mean ± standard 
deviation (SD). GraphPad Prism 7.0 software was used for 
statistical analysis, and Student's t‑test or one‑way analysis 
of variance (ANOVA) followed with Tukey post‑hoc test 
was used to analyze differences between groups. P<0.05 was 
considered statistically significant. All the cell experiments 
were performed in triplicate.

Results

CTAB inhibited the proliferation of and induced cell cycle 
arrest in osteosarcoma cells. To investigate the effect of 
CTAB on the proliferation of OS cells, we treated HOS, 
MG63 and U2OS cells with different concentrations of CTAB 
in vitro for 24, 48 or 72 h. The results showed that CTAB 
significantly inhibited the activity of osteosarcoma cells 
in a time‑ and concentration‑dependent manner (Fig. 1A), 
and the IC50 values of HOS, MG63, and U2OS cells were 
4.949, 3.500, and 4.212 µM, respectively (Fig. 1A). Notably, 
CTAB treatment did not affect the viability of hFOB1.19 
cells (Fig. 1A), indicating that CTAB at a concentration of 
1‑8 µM had no significant toxicity compared to normal human 
osteoblasts. Based on the above results, 2, 4 and 6 µM were 
selected as the effective drug concentrations for subsequent 
analysis. To determine whether CTAB inhibits cell prolifera‑
tion by inducing cell cycle arrest, we evaluated the cell cycle 
distribution of osteosarcoma cells using flow cytometry. The 

proportion of G1 phase cells increased from 30.29 to 53.34%, 
40.23  to 61.55% and 39.95  to 60.58% in HOS, MG63 and 
U2OS cells treated with CTAB (2, 4 or 6 µM), respectively 
(Fig. 1B). These data suggest that CTAB has an inhibitory 
effect on OS cells and induces G1 phase arrest.

CTAB inhibits the migration and invasion of osteosarcoma 
cells. Tumor metastasis is the most common factor affecting 
the survival of patients. Therefore, inhibiting tumor migration 
and invasion may be an effective strategy to prevent tumor 
metastasis. In this study, the wound‑healing assay showed that 
CTAB treatment significantly reduced the wound closure rate 
of HOS and MG63 cells in a dose‑dependent manner (Fig. 2A). 
The invasion of tumor cells was analyzed by the Transwell 
assay, in which Matrigel matrix effectively simulates the 
invasion microenvironment of tumor cells. The digestion and 
penetration of Matrigel matrix by tumor cells is a good reflec‑
tion of invasion ability. Compared with the control, CTAB 
significantly reduced the number of invasive HOS and MG63 
cells (Fig. 2B).

CTAB induced apoptosis of osteosarcoma cells. The inhibi‑
tory effect of CTAB on the growth of osteosarcoma cells 
resulting from apoptosis was verified by flow cytometry. The 
percentage of apoptotic OS cells increased significantly after 
treatment with different concentrations of CTAB compared 
with control treatment for 48 h (Fig. 3A). The expression 
level of downstream apoptotic proteins was further measured 
by western blot analysis, and as shown in Fig. 3B and C, 
CTAB‑treated OS cells exhibited downregulated expression 
of the antiapoptotic protein PARP and Bcl‑2 but upregulated 
expression of cytosolic cytochrome c (cyto‑c) and the proapop‑
totic protein Bax. In addition, CTAB significantly promoted 
the cleavage of PARP, caspase‑3, caspase‑8 and caspase‑9. 
These results suggest that CTAB triggers apoptosis in OS cell 
lines. Disturbance of the mitochondrial membrane potential 
(MMP, ΔΨm) is an early sign of apoptosis that affects the 
permeability of mitochondrial membranes (14). An increased 
mitochondrial membrane permeability leads to the release 
of mitochondrial apoptotic factors, such as cyto‑c, which is 
transferred from the mitochondria to the cytoplasm and acti‑
vates a series of apoptotic enzymes (15). The results of flow 
cytometry (Fig. 3D) showed that after 24 h of treatment with 
4 µM CTAB, the percentage of HOS and MG63 cells with a 
normal MMP was significantly reduced. These results indicate 
that CTAB may promote OS apoptosis by interfering with the 
MMP and disrupting mitochondrial membrane permeability.

CTAB promoted osteosarcoma apoptosis by inhibiting the 
PI3K‑AKT pathway. The PI3K/AKT signaling pathway is 
the main intracellular signaling pathway that regulates the 
proliferation, apoptosis and migration of tumor cells  (16). 
Previous findings have reported that excessive activation 
of the PI3K/AKT pathway is closely related to the negative 
regulation of tumor cell apoptosis (17). Therefore, we further 
analyzed whether CTAB‑induced OS cell apoptosis depends 
on the PI3K/AKT signaling pathway. As shown in Fig. 4A, 
the expression levels of p‑PI3k and p‑AKT in HOS and 
MG63 cells treated with different concentrations of CTAB 
decreased significantly. We further investigated whether the 
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antitumor effect of CTAB is mediated through inhibition of 
the PI3K/AKT signaling pathway, and we found that 740Y‑P 
(a PI3K agonist) partially reversed the inhibitory effect of 
CTAB on OS cells (Fig. 4B). Specifically, 740Y‑P reversed 
CTAB‑induced alterations in the abundance of p‑PI3K, p‑Akt, 
Bax and cleaved caspase‑9 in HOS and MG63 cells (Fig. 4B). 
In addition, the flow cytometry showed that 740Y‑P decreased 
the apoptosis rate of OS cells (Fig. 4C). After treatment with 
CTAB (4 µM), the apoptosis rates of HOS and MG63 cells were 
41.9 and 50.2%, respectively, but the combination of CTAB 
and 740Y‑P reduced the apoptosis rate to 18.7 and 21.5%, 
respectively. These results confirmed that CTAB induces 
apoptosis by inhibiting the PI3K/AKT signaling pathway.

CTAB prevented the growth of OS cells in vivo. Since CTAB 
can inhibit OS cell proliferation and metastasis and induce 
apoptosis in vitro, we examined whether CTAB can inhibit 
the growth of OS (HOS) in xenograft tumors. As shown in 
Fig. 5A‑D, CTAB treatment resulted in a significant reduction 
in tumor volume and weight in a dose‑dependent manner. The 

average tumor volume of the control group was 1718±97 mm3, 
while that of the 10  mg/kg/d CTAB‑treated group was 
987±107  mm3 and that of the 20  mg/kg/d CTAB‑treated 
group was 545±105 mm3. In addition, the mean tumor weight 
of the control group was 1380±87  mg, while that of the 
10 mg/kg/d CTAB‑treated group was 566±101 mg and that 
of the 20 mg/kg/d‑treated group was 270±75 mg. In addition, 
there was no significant organ toxicity in the CTAB group, indi‑
cating that it safely exerts antitumor effects in vivo (Fig. 5E).

Discussion

With the rapid development of medical science and 
technology, the rate of limb salvage in osteosarcoma is 
greater than 80% in the clinic, and limb salvage has gradually 
replaced amputation in the majority of cases (18). Currently, 
the widely accepted strategy for osteosarcoma treatment is 
surgery combined with neoadjuvant chemotherapy (19,20). 
Different chemotherapy regimens include the use of two 
to seven drugs, of which the four classic drugs that show 

Figure 1. CTAB inhibits osteosarcoma cell proliferation and induces cell cycle arrest. (A) The CCK‑8 assay was used to assess the proliferation of osteosar‑
coma cell lines (HOS, MG63 and U2OS) and a human osteoblast cell line (hFOB1.19) treated with different concentrations of CTAB for 24‑72 h. (B) CTAB 
induced G1‑phase arrest in HOS, MG63 and U2OS cells (n=3, **P<0.01, CTAB compared with the control). 
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consistent effects are cisplatin, doxorubicin, and high‑dose 
methotrexate with leucovorin and ifosfamide with or without 
etoposide  (21). With the development and application of 
neoadjuvant chemotherapies, the 5‑year survival rate of 
patients with osteosarcoma has increased from 20% to more 
than 60%. Moreover, another great value of neoadjuvant 
chemotherapy is that it provides time for patients to undergo 
artificial replacement without amputation. Therefore, preop‑
erative chemotherapy‑surgery‑postoperative chemotherapy 

is the current standard treatment for osteosarcoma. However, 
attempts to target specific cell receptors and intracellular 
signaling molecules have not further improved survival rates 
due to the extreme genetic polymorphism of osteosarcoma 
cells. It is not difficult to determine that the key to improving 
the survival rate is drug therapy, which is also a challenging 
and controversial issue for orthopedic and oncology experts 
globally. We identified CTAB through high‑throughput 
drug screening. CTAB is a known component of ctrimetide, 

Figure 2. CTAB inhibits osteosarcoma cell migration and invasion. (A) The effects of CTAB on the migration of HOS and MG63 cells treated with CTAB for 
24 h were determined by the wound‑healing assay, and images were obtained with an inverted fluorescence microscope (magnification, x40; scale bar=10 µM). 
(B) The effects of CTAB on the invasion of HOS and MG63 cells were assessed by a Matrigel Transwell assay (magnification, x400; scale bar=40 µM) 
(n=3, **P<0.01, CTAB compared with the control). 
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Figure 3. CTAB induces apoptosis of osteosarcoma cells. (A) Apoptosis of HOS and MG63 cells treated with different concentrations of CTAB (0, 2, 4 and 6 µM) 
for 48 h was determined by flow cytometry. (B) The expression of apoptosis‑related proteins was measured by western blot analysis. (C) The expression of 
cytochrome c (cyto‑c) in cytoplasm and mitochondria was measured by western blot analysis. (D) The mitochondrial membrane potential (MMP) of HOS 
and MG63 cells treated with or without CTAB was determined by JC‑1 using flow cytometry (n=3, *P<0.05 and **P<0.01, CTAB compared with the control). 
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which has been clinically used at clinically well‑tolerated 
concentrations as a bactericidal adjuvant or tumor suppressor 
for hydatid cysts and during colorectal surgery  (12,13). 
However, no studies have explored the role of CTAB in 

osteosarcoma and its biochemical mechanisms. Our data 
suggest that CTAB significantly inhibits the proliferation of 
osteosarcoma cells, leading to G1 arrest, suppresses metas‑
tasis and induces apoptosis.

Figure 4. CTAB promotes osteosarcoma cell apoptosis by inhibiting the PI3K‑AKT signaling pathway. (A) The expression of PI3K, p‑PI3K, AKT and p‑AKT 
in HOS and MG63 cells treated with different concentrations of CTAB for 48 h was analyzed by western blot analysis. (B) The expression of caspase‑9, cleaved 
caspase‑9, Bax, PI3K, p‑PI3K, AKT and p‑AKT in HOS and MG63 cells treated with CTAB (4 µM) or CTAB (4 µM) + 740Y‑P (20 µM) for 48 h was measured 
by western blot analysis. (C) Apoptosis of HOS and MG63 cells was evaluated by flow cytometry (n=3, *P<0.05 and **P<0.01, CTAB compared with the control; 
#P<0.05 and ##P<0.01, CTAB compared with CTAB + 740Y‑P). 
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One of the clinical features of osteosarcoma is the 
tendency to form metastatic lesions, and the degradation of 
extracellular matrix is an essential step in cancer invasion and 
metastasis (22,23). Previous findings have showed that CTAB can 
selectively inhibit the proliferation of prostate cancer cells and 
markedly decrease the invasion of DU‑145 cells in the collagen 
matrix (24). In addition, CTAB has been used as an effective 
cytotoxic lavage solution in breast cancer surgery (25). CTAB 
may also suppress the invasion and metastasis of hepatocellular 
carcinoma cells by inhibiting TGF signal transduction (26). As 
bone metastasis is closely related to poor prognosis, control‑
ling the invasion and metastasis of osteosarcoma cells is one 
of the difficulties in the treatment of osteosarcoma (22,27). 
Osteosarcoma cells have the ability to migrate when cultured 
in vitro. The principle of the scratch test is the assessment of cell 
wound healing to detect the migration characteristics of cultured 
osteosarcoma cells. The Transwell experiment was performed to 
assess the invasion of osteosarcoma cells. We found that CTAB 
significantly inhibited the invasion and migration of HOS cells 
even at a low concentration. The ability of osteosarcoma cells 

to digest and penetrate Matrigel matrix after treatment with 
different concentrations of CTAB decreased significantly, and 
this was dependent on the concentration of drug.

Apoptosis is an energy‑dependent, genetically programmed 
cell death mechanism that can be induced by either external 
(death receptors) or internal (mitochondria) pathways and is 
the main method for the elimination of tumors (28,29). Various 
cancer therapies, such as chemotherapy, radiotherapy, immu‑
notherapy and gene therapy, target the activation of apoptotic 
signal transduction pathways (30). Ito et al identified CTAB 
as a potential therapeutic agent for head and neck cancer due 
to its cytotoxic effects on related cell lines through mitochon‑
dria‑mediated apoptosis pathways (31). In this study, CTAB 
intervention resulted in an increase in cleaved caspase‑3, 
cleaved caspase‑8 and cleaved caspase‑9 expression in a 
dose‑dependent manner, confirming that caspase‑dependent 
apoptosis is involved in the cytotoxic effect of CTAB on 
osteosarcoma cells. The MMP was significantly reduced after 
CTAB treatment, indicating that CTAB can induce mitochon‑
drial depolarization in OS cells. It is known that a reduction 

Figure 5. CTAB inhibits osteosarcoma cell (HOS) growth in mice. (A) Visual observation of osteosarcoma xenografts in BALB/C nude mice after 21 days of 
control or CTAB treatment. (B) Changes in the mass of mice over time. (C) Changes in the mass of tumors over time. (D) Changes in tumor size over time in 
mice. (E) H&E staining was used to evaluate histologic changes in major organs (n=4, *P<0.05 and **P<0.01, CTAB (10 mg/kg/d) compared with the control; 
##P<0.01, CTAB (20 mg/kg/d) compared with the control; magnification, x200; scale bar=100 µM). 
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in the Δψm triggers the release of cytochrome c from mito‑
chondria into the cytoplasm, thereby initiating mitochondrial 
apoptosis signaling, and that the antiapoptotic Bcl‑2 protein 
family participates in preventing the subsequent process (32). 
CTAB can increase the expression of proapoptotic Bax and 
downregulate the expression of antiapoptotic Bcl‑2, thereby 
increasing mitochondrial permeability. The PI3K/AKT 
pathway is a widely studied intracellular signaling pathway 
that plays an indispensable role in all malignant phenotypes 
(such as tumorigenesis, cancer cell proliferation, survival, 
migration, and chemoresistance)  (33,34). According to 
reports, dysregulation of the PI3K/AKT pathway also plays 
a vital role in the occurrence and development of OS (35). 
Based on these previous studies, we found that CTAB inter‑
vention reduced the phosphorylation of PI3K/AKT in OS 
cells, indicating the inhibitory effect of CTAB on the PI3K/
AKT pathway. In addition, rescue experiments revealed that 
activation of the PI3K/AKT pathway by 740Y‑P abolished the 
inhibitory effect of CTAB on OS cell proliferation and apop‑
tosis. These results indicated that CTAB inhibits cell activity 
and induces OS cell apoptosis by inhibiting the PI3K/AKT 
pathway. The key to exploring tumor cell radiotherapy and 
chemotherapy and antitumor drug screening is the establish‑
ment of tumor models. CTAB had no obvious toxic effects on 
and did not induce side effects on BALB/C‑NU/nu nude mice, 
and no abnormalities in appetite, mental state or motor ability 
or obvious damage to the liver, spleen, kidney or other organs 
were observed. The aforementioned studies show that CTAB 
has a strong anti‑osteosarcoma effect in nude mice without 
inducing obvious adverse drug reactions, which lays a good 
foundation for further research and clinical application. It is 
noteworthy that the antitumoral efficacy of CTAB has been 
studied for decades. Pan et al (36) also found the low toxicity 
of CTAB in vivo, which was consistent with the present study. 
Therefore, the focus of future research is exploring the drug 
delivery methods of CTAB in the treatment of osteosarcoma, 
such as local lavage, nanoparticle delivery system and gel 
sustained‑release. Furthermore, future clinical studies need 
to be performed to assess whether administration of CTAB to 
osteosarcoma patients is beneficial.

In brief, osteosarcoma metastasis, recurrence and multidrug 
resistance (MDR) are the three major obstacles in the clinic. 
Since identification of anti‑osteosarcoma drugs is imperative 
and because our study revealed the strong inhibitory effect of 
CTAB in osteosarcoma, we have sufficient reason to believe 
that CTAB is a potential therapeutic agent for osteosarcoma.
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