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	 Background:	 Osteosarcoma (OS) is a highly aggressive, metastatic bone tumor with a poor prognosis, and occurs more com-
monly in children and adolescents. Therefore, new drugs and treatments are urgently needed. In this study, we 
investigated the effect and potential mechanisms of C18H17NO6 on osteosarcoma cells.

	 Material/Methods:	 Human MNNG osteosarcoma cells were treated with different concentrations of C18H17NO6. The proliferation 
of the MNNG cells was examined via CCK-8 assay. Cell migration and invasion were tested via wound-healing 
assay and Transwell migration and invasion assays. ELISA was used to detect MMP-2, MMP-9, and VEGF secre-
tion. Finally, Western blotting and qRT-PCR were used to detect protein and mRNA expressions, respectively.

	 Results:	 C18H17NO6 inhibited MNNG proliferation in a dose- and time-dependent manner and inhibited MMP-2, MMP-9, 
and VEGF secretion. C18H17NO6 treatment significantly downregulated N-cadherin and Vimentin expression lev-
els and upregulated E-cadherin expression levels in vitro and in vivo. C18H17NO6 inhibited tumor growth in a 
MNNG xenograft. We also found that C18H17NO6 can significantly reduce the phosphorylation of the PI3K/AKT 
signaling pathway in vivo and in vitro. However, 740Y-P (a PI3K agonist) had the opposite effect on prolifera-
tion, migration and invasion of MNNG cells treated with C18H17NO6. LY294002 (a PI3K inhibitor) downregulat-
ed p-PI3K and p-AKT could mimic the inhibitory effect of C18H17NO6.

	 Conclusions:	 Our results suggest that C18H17NO6 can inhibit human MNNG osteosarcoma cell invasion and migration via the 
PI3K/AKT signaling pathway both in vivo and in vitro. C18H17NO6 may be a highly effective and low-toxicity nat-
ural drug for the prevention or treatment of OS.

	 MeSH Keywords:	 Cell Migration Assays • Medicine, Chinese Traditional • Neoplasm Invasiveness • Osteosarcoma

	 Full-text PDF:	 https://www.medscimonit.com/abstract/index/idArt/918431

Authors’ Contribution: 
Study Design  A

 Data Collection  B
 Statistical Analysis  C
Data Interpretation  D

 Manuscript Preparation  E
 Literature Search  F
Funds Collection  G

1 Stomatology Hospital Affiliated to Kunming Medical University, Kunming, 
Yunnan, P.R. China

2 Yan’an Hospital Affiliated to Kunming Medical University, Kunming, Yunnan, 
P.R. China

3 Biomedical Engineering Center of Kunming Medical University, Kunming, Yunnan, 
P.R. China

4 Kunming Medical University, Kunming, Yunnan, P.R. China
5 School of Public Health Kunming Medical University, Kunming, Yunnan, P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2019; 25: 7527-7537 

DOI: 10.12659/MSM.918431

7527
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Osteosarcoma (OS) is a primary malignant bone tumor most 
commonly found in children and adolescents [1]. In adoles-
cent malignant tumors, the incidence of OS is second only to 
that of lymphoma, accounting for 3–4% of pediatric tumors 
and 30% of malignant bone tumors [2]. Although great prog-
ress has been made in treating OS, the recurrence and metas-
tasis of this tumor remain uncontrolled, and the 5-year sur-
vival rate of patients with metastasis to the lungs is less than 
20%. Postoperative recurrence and metastasis are also impor-
tant factors affecting the prognosis of OS patients. To treat 
malignant bone tumors, planned comprehensive treatment is 
advocated, mainly with surgery supplemented by radiother-
apy and chemotherapy [3]. However, these treatment meth-
ods cannot meet the needs of all patients and can cause ad-
ditional harm to the body. It is urgent to develop new drugs 
with strong anticancer effect and low toxicity.

Traditional Chinese Medicine has been used to treat can-
cers for many years, with good therapeutic effects. However, 
basic research into its applications has just begun worldwide, 
and many problems remain unsolved. Traditional Chinese 
Medicine is reported to have achieved good results in treat-
ing liver cancer [4], lung cancer [5], gastric cancer [6], cervi-
cal cancer [7], glioma [8], osteosarcoma [9] and other cancers. 
C18H17NO6 [6-acety1–2-(1-amino-ethylidene)-7, 9-dihydroxy-8, 
9b-dimethy1–9bH-dibenzofuran-1, 3-dione] is a new, natu-
ral anticancer drug with low toxicity extracted from a special 
plant Usnea in Yunnan, China. This drug significantly inhibits 
the proliferation of lung cancer, liver cancer, bladder cancer, 
breast cancer, and nasopharyngeal carcinoma cells, with IC50 
of 1.68, 1.91, 2.11, 2.51, and 3.39 µM, respectively. It can also 
induce apoptosis and cell cycle arrest in many types of can-
cer cells (patent ID: 201710388136.8). Notably, He et al. found 
that C18H17NO6 combined with Scutellarin can inhibit prolifer-
ation and induce apoptosis of human glioma cells by upreg-
ulating Fas-Associated Factor 1 expression [10]. At present, 
there has been no relevant study on the effect of C18H17NO6 
on osteosarcoma cells. However, whether C18H17NO6 can in-
hibit osteosarcoma cell proliferation, migration, and invasion 
and the specific mechanisms involved remain unclear and re-
quire further study.

The phosphatidylinositol 3-kinase/protein kinase B signaling 
pathway (PI3K/AKT) plays an important role in many cellular 
functions, including proliferation, adhesion, migration, inva-
sion, metabolism, and survival. AKT has been reported to be 
over-activated in >60% of cancer types [11]. It is involved in 
tumor development and is also a potential target for tumor 
therapy. However, its role in C18H17NO6-inhibited osteosarco-
ma cell proliferation, migration, and invasion is still unclear.

We selected human MNNG osteosarcoma cells and treated them 
with different concentrations of C18H17NO6 and established a 
MNNG xenograft model to examine the effects of C18H17NO6 
on human osteosarcoma cell proliferation, migration, and in-
vasion, as well as the possible molecular mechanisms, in vitro 
and in vivo. This will provide an important theoretical basis for 
determining the experimental safety and efficacy of C18H17NO6 
in vivo and in clinical experiments.

Material and Methods

Cell lines and culture conditions

Human osteosarcoma cells (MNNG) were acquired from the 
Institute of Zoology, Chinese Academy of Sciences. MNNG cells 
were cultured at 37°C in Dulbecco’s modified Eagle’s medi-
um (DMEM; HyClone, USA) supplemented with 10% fetal bo-
vine serum (FBS; Gibco, USA) and 1% penicillin-streptomycin 
(HyClone, USA) in a cell incubator containing 5% CO2. When 
the cells grew to 80–90% confluence, digestion was terminat-
ed with 0.25% trypsin (HyClone, USA) after 2 min. After cen-
trifugation at 600 rpm for 5 min, the cells were collected and 
subcultured according to experimental protocols.

Cell counting kit-8 (CCK-8) detection

One hundred microliters of MNNG cell suspension in the loga-
rithmic growth stage were inoculated into a 96-well plate with 
5000 cells/well. Each group had 5 compound holes and were 
cultured at 37°C in 5% CO2. After 24 h of adherence, the cells 
were incubated with different concentrations of C18H17NO6 for 
24 h, 48 h, and 72 h. CCK-8 (DOJINDO, Japan) detection re-
agent (10 µl) was added to each well, and the absorbance (OD 
value) was measured at 450 nm after incubating for 2 h in an 
incubator. The inhibitory rate and survival rate were calculat-
ed as follows: inhibitory rate=(Ac–As)/(Ac–Ab)×100%; surviv-
al rate=1-inhibitory rate.

Wound-healing assay

Three microliters of MNNG cell suspension in the logarith-
mic growth phase were inoculated into 6-well plates with ap-
proximately 1×106 cells/well and grown overnight. After dis-
carding the supernatant, 5 horizontal lines were drawn on the 
bottom of the 6-hole plate with a marking pen. A 100-µl pi-
pette tip was used to make 3 scratches evenly perpendicu-
lar to the marking line, which were then washed with 0.01 M 
phosphate-buffered saline (PBS) 3 times to remove the sepa-
rated cells. The drug was diluted with DMEM and cultured at 
37°C in 5% CO2. Ten images were taken at the same position 
under an inverted microscope at 0 h, 12 h, and 24 h (×40). 
Image J software was used to measure the area at 0 h, 12 h, 
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and 24 h. Mobility was calculated as (mean area at 0 h–mean 
area at×h)/(mean area at 0 h)×100%.

Transwell migration and invasion assays

Cell invasion was evaluated using serum-free medium and BD 
Matrigel diluted at 4: 1, then mixed, and kept on ice. After add-
ing 100 µl diluted matrix glue to the upper chamber (Costar, 
3422, USA) and incubating at 37°C for 2 h, a white membrane 
was visible to the naked eye. Matrigel was washed once with 
serum-free medium. After 48 h of drug treatment per group, 
the MNNG cells were collected to prepare the cell suspen-
sion, and 100 µl of the cell suspension was added to the up-
per chamber at 1×104 cells/well, and 500 µl complete culture 
medium containing 10% FBS was added to the lower chamber. 
The cells were incubated in a cell incubator for 48 h. Cells were 
removed from the upper chamber by wiping the surface with 
a cotton swab. Cells that had migrated to the membrane sur-
face were fixed with 4% polyformaldehyde for 10 min, stained 
with 1% crystal violet (Leagene, China) for 10 min, and rinsed 
with 0.01 M PBS 3 times. Using a microscope, 5 visual fields 
(×200) were randomly selected to observe and count the cells.

To evaluate the cell migration, all the above steps were re-
peated but without adding BD Matrigel to the upper chamber.

Western blotting

MNNG cells were treated with C18H17NO6 at different concen-
trations for 48 h, then the total protein was extracted via ra-
dioimmunoprecipitation assay buffer (Thermo Fisher Scientific, 
Inc.) (Solarbio, USA) adding 1% PMSF (Solarbio, USA) on ice. 
The protein concentration was determined using a bicincho-
ninic acid assay (Beyotime, China). The protein samples were 
transferred to a PVDF membrane (Millipore, MA, USA) af-
ter electrophoresis, then sealed at room temperature for 1 h 
with 5% skimmed milk, and dissolved in 1×TBST. Anti-MMP-2 
(1: 2000; Abcam, ab97779), anti-MMP-9 (1: 1500; Abcam, 
ab58803), anti-E-cadherin (1: 1000; CST, 14472), anti-N-cad-
herin (1: 1000; CST, 14215), anti-Vimentin (1: 1000; CST, 5741), 
anti-PI3K (1: 1000; CST, 4292), anti-AKT (1: 5000; Abcam, 
ab179463), anti-p-PI3K (1: 1000; CST, 4228) and anti-p-AKT 
(1: 750; Abcam, ab38449) were incubated overnight at 4°C, 
then washed 3 times with 1×TBST for 10 min. The samples 
were incubated with corresponding secondary antibody diluted 
at 1: 5000 at room temperature for 1 h, then washed 3 times 
with 1×TBST for 10 min each time. Enhanced chemilumines-
cence detection reagent (MILLIPORE, USA) was used to devel-
op the image. The ChemiDoc XSR+imaging system (BIO-RAD) 
was used for imaging. Image J software was used to analyze 
the gray-scale level. The average intensity ratio of the target 
protein to the internal reference was used for semiquantita-
tive analysis of the target proteins.

Quantitative real-time PCR (qRT-PCR)

Primers were designed according to the relevant target gene 
sequences published by GenBank. Table 1 lists the primers 
used for the qRT-PCR. Takara Biotechnology Co. synthesized 
the primers. After the MNNG cells were treated with C18H17NO6 
at different concentrations for 48 h, the total RNA was extract-
ed according to the instructions of the Takara RNA extraction 
kit (Takara, Japan, 9767). The extracted total RNA was im-
mediately re-transcribed into cDNA (Takara, Japan, RR047A). 
Finally, the fluorescence quantitative PCR reaction (Takara, 
Japan, RR820A) was carried out in an ABI7300 fluorescence 
quantitative PCR instrument. The thermocycling conditions 
were 95°C for 10 min, followed by 40 cycles of 95°C for 10 s 
and 60°C for 30 s. Expression of selected genes was normal-
ized to GAPDH using the 2–DDCT method.

Enzyme-linked immunosorbent assay (ELISA)

MNNG cells were treated with different concentrations of 
C18H17NO6 for 48 h, then the conditioned medium was col-
lected. The supernatant was centrifuged at a low temperature 
at 12 000 rpm for 15 min, and the supernatant was collected 
and stored at –80°C. The operation was performed according to 
the instructions provided with the ELISA kit. The matrix metal-
loproteinase-2 (MMP-2, Huamei, China, CSB-E04675h), matrix 
metalloproteinase-9 (MMP-9, Huamei, China, CSB-E08006h), 
and vascular endothelial growth factor (VEGF, Huamei, China, 
CSB-E11718h) secretion levels in each treatment group were 
detected.

Establishment of the MNNG xenograft model

Twelve female BALB/c-nu/nu mice weighing 18–22 g were ran-
domly divided into the control and experimental groups, with 
6 mice per group. MNNG cell suspensions were taken during 
the logarithmic growth stage. The cell concentration was ad-
justed to 5×106 cells/ml, and 0.2 ml MNNG cell suspension was 
subcutaneously injected into the right armpits of the mice. 
When the tumor volumes reached 180–200 mm3, the mice 
were randomly divided into the control or experimental group. 

Genes
Primer 

sequence

MMP-2
Forward
Reverse

5’-GAGTGCATGAACCAACCAGC-3’
5’-AAACTTGCAGGGCTGTCCTT-3’

MMP-9
Forward
Reverse

5’-TCTATGGTCCTCGCCCTGAA-3’
5’-TTGTATCCGGCAAACTGGCT-3’

VEGF
Forward
Reverse

5’-ACTTTGGTATCGTGGAAGGACTCAT-3’
5’-GTTTTTCTAGACGGCAGGTCAGG-3’

Table 1. Primer sequences used for qRT-PCR analysis.
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The experimental group was injected with 2 mg/kg C18H17NO6, 
i.p. qd; the control group was injected 0.9% physiological sa-
line at the same dose and mode. The body weight, length and 
diameter of the tumor of the mice were recorded every 3 days. 
MNNG xenograft tumors were resected on day 20. Tumor vol-
ume was calculated as 1/2a2b, where “a” is the short diame-
ter of the tumor, and “b” is the long diameter.

Statistical analysis

Data are expressed as mean±SD of 3 independent experi-
ments. Data analysis was done using the t test and one-way 
ANOVA. GraphPad prism 6 software was used for data analysis 
and mapping. Statistical significance was defined as p<0.05.

Results

Effects of C18H17NO6 on proliferation, migration, and 
invasion of MNNG cells

The inhibitory effect of C18H17NO6 on MNNG cells was detected 
via CCK-8 and was found to occur in a time- and dose-depen-
dent manner (Figure 1A). We measured the viability of MNNG 
cells treated with 0–100 µM C18H17NO6 for 24 h, 48 h, and 
72 h, and the IC50s (drug concentrations at a 50% inhibito-
ry rate) of the MNNG cells were 9.96±0.45 µM, 3.12±0.05 µM, 
and 2.13±0.04 µM, respectively (Figure 1B). The cell viability 
decreased as the drug concentration increased (p<0.01). Thus, 
C18H17NO6 inhibited MNNG cells in a time- and dose-depen-
dent manner. We selected 3 concentrations (1.5 µM, 3 µM, and 
4 µM) as the follow-up experimental concentrations.

We hypothesized that C18H17NO6 could inhibit MNNG cell mi-
gration and invasion. The wound-healing assay showed that 
compared with the group at 12 h, the control group and the 
1.5 µM C18H17NO6 group showed migration (p<0.05) at 24 h, 
but the migration rates of the 3 µM and 4 µM C18H17NO6 groups 
showed almost no differences at 24 h and were time- and 
dose-dependent (Figure 1C, 1D).

The Transwell invasion assay showed that the invasion ability 
in the C18H17NO6-treatment group was significantly lower than 
that of the control group (p<0.01) and was dose-dependent 
(Figure 1E, 1F). The Transwell migration assay showed that the 
migration ability of the C18H17NO6 treatment group was signif-
icantly lower than that of the control group (p<0.01) and was 
dose-dependent (Figure 1E, 1G).

Effects of C18H17NO6 on MMPs and VEGF expression, EMT 
process, and PI3K/AKT signaling pathway

To further investigate the mechanism by which C18H17NO6 inhib-
ited MNNG cell migration and invasion, we assessed whether 
C18H17NO6 affected MMP-2, MMP-9, and VEGF expression and 
secretion. Western blot results showed that the protein expres-
sion levels of MMP-2 and MMP-9 decreased as the C18H17NO6 
concentration increased. Among these, the 4 µM C18H17NO6 
group was significantly decreased (p<0.01; Figure 2A, 2B). 
qRT-PCR results showed that the mRNA expression levels of 
MMP-2 and MMP-9 decreased as the C18H17NO6 concentration 
increased, among which the 4 µM C18H17NO6 group decreased 
significantly (p<0.01; Figure 2C–2E). ELISA results showed that 
C18H17NO6 reduced MMP-2 secretion in MNNG cells, and the 
4 µM C18H17NO6 group concentration was significantly reduced 
compared with that of the control group (p<0.01). C18H17NO6 
also reduced MMP-9 secretion from MNNG cells compared with 
that of the control group, with the 3 µM and 4 µM C18H17NO6 
groups showing significant decreases (p<0.05). C18H17NO6 re-
duced VEGF secretion in MNNG cells compared with that of 
the control group, with the 3 µM and 4 µM C18H17NO6 groups 
showing significant decreases (p<0.05) (Figure 2F–2H).

Epithelial-to-mesenchymal transition (EMT) plays an important 
role in tumor metastasis, and we hypothesized that C18H17NO6 
can affect the EMT process. Western blot results showed that 
as the C18H17NO6 concentration increased and the N-cadherin 
and Vimentin expression levels decreased significantly (p<0.01), 
while the E-cadherin expression level increased significantly 
(p<0.01; Figure 2A, 2B).

We hypothesized that C18H17NO6 regulates the biological be-
havior of MNNG cells through the PI3K/AKT signaling pathway. 
We detected the protein expression changes of PI3K, p-PI3K, 
AKT, and p-AKT after MNNG cells were treated with different 
concentrations of C18H17NO6 for 48 h. There was no significant 
change in total PI3K or total AKT. p-PI3K and p-AKT expression 
levels were dose-dependently decreased compared with those 
of the control group, especially in the 3 µM and 4 µM C18H17NO6 
groups (p<0.01; Figure 2I, 2J). We selected a concentration of 
4 µM C18H17NO6 as the follow-up experimental concentration.

C18H17NO6 suppresses proliferation, migration and invasion 
by inhibiting PI3K/AKT signaling pathway in MNNG cells

To confirm the results, 740Y-P (a PI3K agonist, Selleck, 
USA, S7865) and LY294002 (a PI3K inhibitor, Selleck, USA, 
S1105) were used to treat MNNG cells alone or combined 
with C18H17NO6 for 48 h. Firstly, we found that 740Y-P at 
20 µM remarkably increased the proliferation (Figure 3A), 
migration, and invasion (Figure 3B–3F) ability of MNNG cells 
(p<0.05), but these were significantly inhibited in the 4 µM 
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Figure 1. �Effects of C18H17NO6 on MNNG cell proliferation, migration, and invasion. (A) Inhibitory effects of different concentrations 
of C18H17NO6 on MNNG cells. (B) The IC50 broken-line diagram of different concentrations of C18H17NO6 acing on the MNNG 
cells after 2 h, 4 h, and 72 h. (C) Pictures of different concentrations of C18H17NO6 acting on MNNG cell scratches after 12 h 
and 24 h (×40) and quantitatively analyzed (D). Data are expressed as mean±SD of 3 independent experiments. Compared 
with 12h, * p<0.05, ** p<0.01. The effects of different concentrations of C18H17NO6 on invasion of MNNG cells (×200) (E) and 
quantitatively analyzed (F). The effects of different concentrations of C18H17NO6 on the migration of MNNG cells (×200) 
(E) and quantitatively analyzed (G). Data are expressed as mean±SD of 3 independent experiments. Compared with the 
control group, * P<0.05, ** P<0.01.
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Figure 2. �The effects of different concentrations of C18H17NO6 on the MMPs, EMT process, and PI3K/AKT signaling pathway in MNNG 
cells. (A) Western blot analysis of MMP-2, MMP-9, N-cadherin, Vimentin, and E-cadherin in MNNG cells treated with different 
concentrations of C18H17NO6 for 48 h and quantitatively analyzed (B). qRT-PCR analysis of MMP-2 (C), MMP-9 (D), and VEGF 
(E) mRNA in MNNG cells treated with different concentrations of C18H17NO6 for 48 h. ELISA was used to detect the secretion 
levels of MMP-2 (F), MMP-9 (G), and VEGF (H). (I) Western blot analysis of PI3K, AKT, p-PI3K, and p-AKT after MNNG cells 
treated with different concentrations of C18H17NO6 for 48 h and quantitatively analyzed (J). Data are expressed as mean±SD 
of 3 independent experiments. Compared with the control group, * p<0.05, ** p<0.01.
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C18H17NO6 group (p<0.05). After co-incubation with 740Y-P, 
these changes were marked rescued (p<0.05). Secondly, the 
protein expression levels of MMP-2, MMP-9, E-cadherin, 
N-cadherin, and Vimentin were evaluated. As shown in Figures 
3G and 3H, the protein expression levels of MMP-2, MMP-9, 
N-cadherin, and Vimentin were significantly downregulated 
following treatment with 4 µM C18H17NO6 (p<0.05). 740Y-P 
at 20 µM remarkably rescued this decrease (p<0.05). We ob-
tained the opposite results in the protein expression levels 
of E-cadherin. Finally, to investigate whether the PI3K/AKT 
pathway participates in the inhibitory effect of C18H17NO6 on 
MNNG cells, the cells were incubated with 740Y-P (20 µM), 
LY294002 (20 µM) alone, or in combination with C18H17NO6 
(4 µM) for 48 h. Compared to the control group, 740Y-P at 20 
µM remarkably upregulated the protein expression of p-PI3K 
and p-AKT (p<0.05), and C18H17NO6 at 4 µM and LY294002 at 
20 µM treatment resulted in remarkably downregulated the 
protein expression of p-PI3K and p-AKT (p<0.05). After co-in-
cubation with 740Y-P, C18H17NO6-dependent inhibition of the 
PI3K/AKT signaling pathway was eliminated. Co-incubation 
with LY294002 enhanced suppression of the PI3K/AKT signal-
ing pathway (Figures 3I, 3J). These data at least partially sug-
gest that C18H17NO6 weakens MNNG cell proliferation, migra-
tion, and invasion by inhibiting the PI3K/AKT signaling pathway.

Therapeutic effects of C18H17NO6 on MNNG xenograft in 
vivo

The effect of C18H17NO6 on OS in vivo was determined via MNNG 
xenograft in nude mice. The time-volume curve showed that 
the tumor volume of the C18H17NO6 group decreased signifi-
cantly (p<0.01; Figure 4A, 4B) compared with that of the con-
trol group. Furthermore, the PI3K, AKT, N-cadherin, E-cadherin, 
and Vimentin levels were detected via Western blot in the tu-
mor tissues of each group. The results showed that p-PI3K 
and p-AKT, N-cadherin, and Vimentin expression levels in the 
C18H17NO6 group were significantly decreased compared with 
the control group, while the E-cadherin expression level in-
creased significantly (p<0.01; Figure 4C–4F). Thus, C18H17NO6 
inhibits the growth of MNNG xenograft and affects the EMT 
process and the PI3K/AKT signaling pathway in vivo.

Discussion

OS is the most common type of malignant primary bone tu-
mor in children [12]. Advances in chemotherapy and surgical 
treatments have improved the 5-year survival rates of patients 
with OS. However, the 5-year survival rate of patients with pul-
monary metastatic OS remains less than 20% due to its highly 
invasive metastatic potential and therapeutic resistance [13]. 
Therefore, new drugs and treatments are urgently needed.
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Figure 3. �The effect of 740 Y-P (a PI3K activator) and LY294002 (a PI3K inhibitor) alone or combined with C18H17NO6 on MNNG cells. 
(A) The effect of 740 Y-P and C18H17NO6 or co-incubation on MNNG cell proliferation. (B) Images of 740 Y-P and C18H17NO6 
or co-incubation act on MNNG cell scratches after 12 h, 24 h (×40) and quantitatively analyzed (C). (D) The effects of 740 
Y-P and C18H17NO6 or co-incubation on invasion of MNNG cells (×200), quantitative analyzed (E). The effects of 740 Y-P and 
C18H17NO6 or co-incubation on the migration of MNNG cells (×200) (D) and quantitative analysis (F). (G) Western blot analysis 
of MMP-2, MMP-9, N-cadherin, Vimentin, and E-cadherin in MNNG cells treated with 740 Y-P and C18H17NO6 or co-incubation 
for 48 h and quantitatively analyzed (H). (I) Western blot analysis of PI3K, AKT, p-PI3K, and p-AKT after MNNG cells treated 
with 740 Y-P and C18H17NO6 or co-incubation for 48 h and quantitatively analyzed (J). Data are expressed as mean±SD 
of 3 independent experiments. Compared with the control group, * p<0.05; Compared with the 740 Y-P group, & p<0.05; 
Compared with the C18H17NO6 group, # p<0.05; Compared with the LY 294002 group, @ p<0.05.
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C18H17NO6 is a dibenzofuran compound extracted from a plant 
in Yunnan, China. It is a new, natural anticancer drug with low 
toxicity (patent ID: 201710388136.8). The purity of this com-
pound can reach 99.5%. In this study, we obtained similar re-
sults for osteosarcoma cells to those of other tumor cells re-
ported by Xiaoqiong He. Therefore, C18H17NO6 is a promising 
new drug for treating OS.

Metastasis, a major cause of cancer-related deaths, is a multi-
step process involving local adhesion, migration, invasion, and 
degradation of the extracellular matrix and basement mem-
brane with multiple proteases such as matrix metalloproteinases 

(MMPs) and urokinase [14,15]. Because OS is characterized by 
high invasion and metastasis, the migration and invasion of 
MMNG cells after exposure to C18H17NO6 must be determined. 
MMPs plays an important role in cell metastasis [16]. MMP-2 
and MMP-9 promote tumor metastasis and extracellular ma-
trix (ECM) degradation [17]. We found that cell migration and 
invasion in the C18H17NO6-treated group was significantly low-
er than that in the control group. C18H17NO6 reduced endog-
enous MMP-2 and MMP-9 expression and functional MMP-2 
and MMP-9 secretion. Therefore, MMP-2 and MMP-9 may be 
the mediators of degradation of ECM by C18H17NO6, which pro-
motes the metastasis of osteosarcoma cells. Metastasis also 
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requires tumor cells to transition from the epithelium to a mes-
enchymal state and acquire the potential for migration [18]. 
The EMT is the early stage of solid tumor progression and is 
closely related to tumor growth, invasion, metastasis, and 
drug resistance and is conducive to the transformation of tu-
mors from low-grade to high-grade malignancy [19,20]. It is 
reported that resveratrol inhibits migration and metastasis of 
human breast cancer cells by reversing the epithelial-mesen-
chymal transition [21]. In particular, EMT is reported to be a 
key event in OS metastasis [22] and many studies have dem-
onstrated that upregulated expression of MMP-2 and MMP-9 
contributes to EMT [23]. The deletion of E-cadherin can activate 
EMT, while the inhibition of MMP-9 is related to the renewal 
of E-cadherin [24]. Growth factors can induce morphological 
changes in cells, such as a loss of epithelial marker expression 
and increased mesenchymal marker expression [25], which are 
characteristics of the EMT. Among them, VEGF can be used as 
a prognostic biomarker for OS patients [26]. Finally, our study 
found that C18H17NO6 treatment upregulated E-cadherin ex-
pression and inhibited VEGF secretion of MNNG cells. Taken 
together, our results show that using MMPs to restore or block 
downregulation of E-cadherin may be an effective strategy to 
control tumor metastasis and EMT progression.

The PI3K/AKT pathway is interrelated with many intracellu-
lar signaling pathways, thus participating in regulating a va-
riety of cellular events, such as cell cycle progression and cell 

proliferation, angiogenesis, invasion, and metastasis [27]. 
Previous studies have shown that PI3K/AKT/mTOR mediates the 
EMT and AKT can regulate the expression of MMP-related pro-
tein and cancer cell metastasis [16,28]. In our study, C18H17NO6 
inhibited migration and invasion in MNNG cells, suggesting that 
C18H17NO6 regulates MNNG cell behavior through the PI3K/AKT 
signaling pathway. We found that C18H17NO6 markedly inhibits 
the PI3K/AKT signaling pathway both in vivo and in vitro. Our 
results agree with the finding that Phellamurin inhibits osteo-
sarcoma cell proliferation and migration via PI3K/Akt/mTOR 
signaling pathways [29]. Li et al. [30] reached the same con-
clusion after investigating the mechanism of Aclidinium in os-
teosarcoma cells. To further confirm the role of the PI3K/AKT 
signaling pathway in inhibiting MNNG cell proliferation, migra-
tion, and invasion of C18H17NO6, we used 740Y-P (a PI3K ago-
nist) and LY294002 (a PI3K inhibitor). We found that prolifer-
ation, migration, and invasion of MNNG cells were remarkably 
inhibited in the C18H17NO6 treatment group but were increased 
in the C18H17NO6+740Y-P group, as evidenced by wound-heal-
ing assay, Transwell invasion and migration assays, higher pro-
tein expressions of MMP-2, MMP-9, N-cadherin, and Vimentin 
and lower protein expressions of E-cadherin. These results 
suggest that activation of the PI3K/AKT signaling pathway 
by 740Y-P can rescue the inhibitory effects of C18H17NO6 on 
MNNG cells. The PI3K/AKT signaling pathway might be criti-
cal for C18H17NO6-mediated EMT and metastasis. In addition, 
LY294002-downregulated p-PI3K and p-AKT can mimic the 
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Figure 4. �The anti-tumor effect of C18H17NO6 on the BALB/c-nu mice bearing MNNG xenograft. (A) Images of tumors in the control 
group and C18H17NO6-treatment group. (B) The tumor volume at the indicated days was measured. (C, D) Western blot 
analysis of E-cadherin, N-cadherin, and Vimentin in the tumor tissues isolated from mice. (E, F) Western blot analysis of PI3K, 
AKT, p-PI3K, and p-AKT in the tumor tissues isolated from mice. (G) Schematic diagram of the signaling pathway of C18H17NO6 
inhibiting MNNG cell migration and invasion. Compared with the control group, * p<0.05, ** p<0.01.
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inhibitory effect of C18H17NO6 on MNNG cells. In summary, all 
these results indicate that inhibition of the PI3K/AKT signal-
ing pathway may have an important role in the proliferation, 
migration, and invasion of MNNG cells after C18H17NO6 treat-
ment (Figure 4G). Further studies are needed to investigate 
the effects of C18H17NO6 in other types of osteosarcoma cells.

Conclusions

In summary, C18H17NO6 significantly inhibited MNNG cell pro-
liferation, migration, and invasion, and this process may be 
related to inhibition of the PI3K/AKT signaling pathway. As a 
natural drug with strong anticancer properties, C18H17NO6 is a 
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