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Objectives. To observe the effect of Inonotus obliquus polysaccharide (IOP) on the proliferation, invasion, migration, and apoptosis
of osteosarcoma cells and to elucidate its underlying molecular mechanism. Methods. IOP was extracted from Inonotus obliquus,
human osteosarcoma MG-63 cells and U20S cells were cultured in vitro, and the effects of IOP on the proliferation, migration,
invasion, and apoptosis of MG-63 cells and U20S cells were determined by CCK-8 assays, cell scratch assays, transwell assays,
and flow cytometry, respectively. Western blot was used to detect the expression of related proteins in the Akt/mTOR and NEF-
«B signaling pathways. Results. Compared with the control group, MG-63 cells and U20S cells treated with IOP of 80 pg/ml,
160 pg/ml, and 320 yg/ml in the experimental group had significantly lower proliferation activity, decreased migration and
invasion ability, and increased apoptosis rate (P < 0.05). Furthermore, IOP could significantly inhibit the activation of the
Akt/mTOR and NF-«B signaling pathway (P < 0.05). Conclusion. IOP can regulate the proliferation, migration, invasion, and
apoptosis of osteosarcoma cells by inhibiting the activation of the Akt/mTOR signaling pathway. It has antitumor activity on

osteosarcoma and has the potential of clinical application in osteosarcoma treatment.

1. Introduction

Osteosarcoma (OS) is a common malignant bone tumor that
occurs mainly in adolescents and young people [1]. Osteosar-
coma is an extremely aggressive malignant tumor character-
ized by rapid growth and early metastasis [2]. It is suggested
that clinical prognosis from conventional osteosarcoma
treatments such as surgery, radiotherapy, and chemotherapy
is still not satisfactory [3]. Although new drugs have been
applied in osteosarcoma chemotherapy, however, it could
also result in strong drug resistance and unnecessary side
effects, which can further cause serious problems [4]. There-
fore, looking for a new targeted therapeutic drug is of great
significance for preventing the progression of osteosarcoma
and improving the survival of patients.

With the discovery of paclitaxel, the development of new
tumor drugs has refocused on natural products. Particularly,
in recent years, the application of natural products of medic-
inal plants in modern medicine is one of the important
aspects of tumor treatment [5]. Among these natural prod-

ucts, polysaccharides are a class of biological macromolecules
with great structural diversity, have no toxic effects, and have
therapeutic values, so they have attracted widespread atten-
tion in the medical community [6]. Natural polysaccharides
have a variety of pharmacological activities such as antitu-
mor, immune regulation, antioxidation, antibacterial, and
antiulcer [7]. Among them, their antitumor effects have an
important application value. For example, many antitumor
polysaccharides have been found to be nontoxic to normal
cells and can induce apoptosis to various cancer cells [8, 9].

Inonotus obliquus fungus is a precious edible and medic-
inal fungus and has a long history as a traditional medicinal
plant in China and other countries. It is reported that Inono-
tus obliquus has many biological functions, including anti-
oxidant, antimitotic, and anti-inflammatory activities [10,
11]. In particular, Inonotus obliquus polysaccharide (IOP)
extracted from Inonotus obliquus fungus can be used to treat
and prevent various diseases such as cancer [12], diabetes
[13], pancreatitis [14], high lipidemia [10], colitis [15], and
Alzheimer’s disease [16]. However, the effect of IOP on
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osteosarcoma and its possible mechanism are still poorly
understood. This study is to investigate the effect of IOP
on the proliferation, invasion, migration, and apoptosis of
osteosarcoma cells and its associated molecular mechanism,
so as to provide a basis for the application of IOP in the
treatment of osteosarcoma.

2. Materials and Methods

2.1. Materials and Reagents. The CCK8 kit was purchased
from MedChemExpress in the United States, the transwell
cell was purchased from Corning in the United States, and
the Annexin V-FITC/PI apoptosis kit was purchased from
Sigma-Aldrich in the United States. Phospho-Akt (Ser473)
antibody, Phospho-Akt (Thr308) antibody, Akt (pan) anti-
body, mTOR antibody, and Phospho-mTOR (Ser2448) anti-
body were purchased from Cell Signaling Technology, USA.

2.2. IOP Extraction and Identification. IOP was extracted
according to the method of Xu et al. [17]. First, use the sav-
age method to dissolve and remove the protein of Inonotus
obliquus, then dialysis with tap water for 24 hours, and then
with distilled water for 12 hours. The crude polysaccharide
was centrifuged, lyophilized, and further purified in an
anion exchange DEAE cellulose column (50 cm x 2.6 cm).
Elute with 0M, 0.25m, and 0.5m NaCl solution at a flow
rate of 0.4ml/min. Elute with 0.15m NaCl solution in a
Sephadex G-200 gel column (1.6 cm x 40 cm) at a flow rate
of 0.18 ml/min. Collect the IOP, make it into a lyophilized
powder, and store in an airtight container at 4°C.

2.3. Cell Culture and Treatment. Human osteosarcoma MG-
63 cells and U20S cells were purchased from Shanghai
Fuheng Biotechnology Co., Ltd. and cultured in DMEM
high-sugar medium containing 10% fetal bovine serum
under 37°C with 5% CO,. 10 ug/mL, 20 ug/mL, 40 ug/mL,
80 pug/mL, 160 pg/mL, and 320 ug/mL of IOP were added to
the medium for the treatments, and a group of cells without
IOP was used as a negative control (NC).

2.4. Cell Proliferation Detected with CCK-8. MG-63 cells and
U20S cells were seeded in 96-well plates and treated with
different concentrations of IOP. After the cells were incu-
bated in the incubator for 24, 48, and 72h, 10 ul of CCK8
solution was added to each well and incubated for a while.
The absorbance at 450 nm was measured with a spectropho-
tometer afterward.

2.5. Cell Migration Measured with Cell Scratch Test. Cell
migration experiments were carried out using scratch exper-
iments. Specifically, MG-63 cells and U20S cells were seeded
on 6-well plates, cultured overnight, and then treated with
different concentrations of IOP for 24 h. After that, scratch
the cell layer with a sterile plastic pipette tip to form a scratch.
The detached cells were rinsed off with PBS. After that, the
DMEM medium containing 1% fetal bovine serum was
added, the cells were cultured for 24 h, photos were taken,
and the cell migration rate was calculated accordingly.
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2.6. Cell Invasion Determined by Transwell Cell Assay. Cell
invasion tests were carried out using a matrix gel-coated
transwell cell. Specifically, 1.0 x 10° MG-63 cells or U20S
cells treated with different concentrations of IOP for 24h
were inoculated into the upper chamber with 100 ml of
serum-free DMEM, and 500 ml of medium containing 10%
FBS was added to the lower chamber. After 24 h of incuba-
tion, the cells on the surface of the upper membrane were
wiped with a cotton swab, and the cells passing through the
membrane were fixed with methanol, stained with crystal
violet, and counted afterward.

2.7. Cell Apoptosis Measured with Annexin V-FITC/PI
Apoptosis Detection Kit. MG-63 cells and U20S cells were
seeded in 6-well plates at 4 x 10° cells per well and cultured
overnight. The cells were treated with different concentra-
tions of IOP for 24 h. Cells were then collected, washed with
PBS, and double-stained using Annexin V-FITC/PI apopto-
sis detection kit. Finally, flow cytometry was used to analyze
the cell apoptotic rate.

2.8. Western Blot. After the cells were treated with different
concentrations of IOP for 24 h, the cells were washed twice
with cold PBS. Total protein was then extracted using a
RIPA lysis buffer supplemented with a protease inhibitor,
and total protein was then quantified using a BCA protein
concentration determination kit. An equal amount of pro-
tein (20 pug/well) from each treatment was taken and sub-
jected to SDS-PAGE electrophoresis, and the protein was
then electrotransferred to a PVDF membrane. The mem-
brane was then blocked with 5% skim milk at room temper-
ature for 1h and then incubated with the primary antibody
overnight at 4°C. The membrane was then washed and was
incubated with the secondary antibody for 1h at room tem-
perature. Protein bands were then detected using the ECL
luminescence kit.

2.9. Statistical Analysis. All the data in this study were ana-
lyzed using SPSS software. Results are expressed as mean +
standard deviation. The t-test and one-way analysis of vari-
ance was used to compare the differences between groups.
The difference was statistically significant at P < 0.05.

3. Results

3.1. IOP Identification by High-Performance Liquid
Chromatography. IOP was analyzed with high-performance
liquid chromatography as shown in Figure 1. We analyzed
the monosaccharide composition of IOP. The monosaccha-
ride composition of IOP is Man, Rha, Glu, Gal, Xyl, and
Ara, and the molar ratio is 2.2:1.1:11.8:2.8:2.7:1.0.

3.2. IOP Inhibits MG-63 Cells and U20S Cell Proliferation. As
shown in Figure 2, CCK8 assay was used to measure the pro-
liferation of MG-63 cells and U20S cells, and after IOP was
added to MG-63 cells and U20S cells at different concentra-
tions (10 yug/mL, 20 ug/mL, 40 pug/mL, 80 pug/mL, 160 ug/mL,
and 320 yg/mL), compared with the control group, the cell
proliferation activity was significantly reduced (P < 0.05)
when the IOP was at the concentrations of 80ug/mL,
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Figure 1: HPLC chart of IOP.
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FIGURE 2: The effect of IOP on the proliferation activity of MG-63 cells and U20S cells evaluated with CCK8. *P < 0.05.
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FIGURE 3: The effect of IOP on the migration activity of MG-63 cells and U20S cells evaluated with the cell scratch test. * P < 0.05.
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FiGURE 4: The effect of IOP on the invasion ability of MG-63 cells and U20S cells was determined with the transwell experiment. *P < 0.05.
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FIGURE 5: The effect of IOP on the apoptosis of MG-63 cells and U20S cells was measured with flow cytometry. *P < 0.05.

160 ug/mL, and 320 ug/mL after 48 h and 72 h of treatments.
This result indicates that IOP can inhibit the proliferation of
osteosarcoma cells.

3.3. IOP Inhibits MG-63 Cells and U20S Cell Migration. As
shown in Figure 3, after adding IOP to MG-63 cells and
U20S cells at different concentrations (80 yug/mL, 160 pg/mL,
and 320 ug/mL) compared with the control group, the migra-
tion activity of the cells was significantly reduced in the
80 pg/mL, 160 ug/mL, and 320 ug/mL groups (P < 0.05). It is
apparent that this inhibition on the MG-63 cells and U20S
cell migration by the treatment of IOP was in a dose-
dependent manner. Overall, this result indicates that IOP
can inhibit the migration of osteosarcoma cells.

3.4. IOP Inhibits MG-63 Cells and U20S Cell Invasion. As
shown in Figure 4, when IOP was added to MG-63 cells and

U20S cells at different concentrations (80 ug/mL, 160 pug/mL,
and 320 ug/mL) compared with the control group, the
invasive ability of the cells was significantly reduced in the
80 ug/mL, 160 ug/mL, and 320 ug/mL groups (P <0.05).
And this inhibition of cell invasion by the treatment of IOP
was in a concentration-dependent manner. This result indi-
cates that IOP can inhibit the invasion of osteosarcoma cells.

3.5. IOP Promotes Apoptosis of MG-63 Cells and U20S Cells.
As shown in Figure 5, after adding IOP to MG-63 cells and
U20S cells at different concentrations (80 yg/mL, 160 yg/mL,
and 320 ug/mL), compared with the control group, the
apoptosis rate of the cells was significantly increased in the
80 ug/mL, 160 ug/mL, and 320 ug/mL groups (P <0.05),
which was also in a dose-dependent manner. This result
indicates that IOP can promote the apoptosis of osteosar-
coma cells.
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FiGUrek 6: Effect of IOP on Akt/mTOR and NF-«B signaling pathway-related protein expression detected with Western blot. *P < 0.05.

3.6. IOP Inhibits Akt/mTOR and NF-xB Signaling Pathway.
As shown in Figure 6, after adding IOP to MG-63 cells
and U20S cells at different concentrations (80 ug/mL,
160 ug/mL, and 320 ug/mL), compared with the control
group, the phosphorylation levels of Akt and mTOR as well
as NF-«B p65 were significantly reduced (P <0.05) at all
treatment groups. And with the increase of the IOP levels,
the phosphorylation of Akt at Ser473 and Thr308 as well
as the phosphorylation of mTOR at Ser2448 and NF-«B
p65 decreased dramatically. This result indicates that IOP
can inhibit the activation of the Akt/mTOR and NF-«B
signaling pathways.

4. Discussion

Osteosarcoma is one of the most common malignant bone
tumors, which seriously endangers the health of adolescents.
In recent years, with the development of chemotherapy
drugs, the survival rate of osteosarcoma has improved; how-
ever, the overall effectiveness is still not satisfactory. Drug
resistance and side effects are the leading causes of cancer
treatment failure. Therefore, it is imperative to seek alterna-
tive methods, and it has become a hot spot for research. In
China, IOP has been used as a folk medicine for treating can-
cer and other diseases for thousands of years [18]. However,



little is known about the mechanisms behind it. Previous
studies have shown that IOP can change energy metabolism
through the LKB1/AMPK pathway and induce lung cancer
cell apoptosis [18]; IOP can also reduce the expression of
MMP-2 and MMP-9 by downregulating the NF-«B signaling
pathway, thereby inhibiting the migration and invasion of
B16-F10 cells [19]. This study intended to elucidate the role
of IOP in osteosarcoma and its mechanism of inhibiting oste-
osarcoma cells and explore its potential value as a chemo-
therapeutic agent for osteosarcoma.

In this study, we first isolated and purified the polysac-
charide IOP from Inonotus obliquus fungus and investigated
its effect on the proliferation, migration, invasion, and
apoptosis of osteosarcoma MG-63 cells and U20S cells
in vitro. CCK-8 experiments showed that IOP significantly
inhibited the proliferation of MG-63 cells and U20S cells.
In particular, when the concentration of IOP was greater
than 80/mL, the proliferation activity of MG-63 cells and
U20S cells was significantly downregulated compared with
the control group. Similarly, cell scratch experiments have
confirmed that IOP has a significant inhibitory effect on the
migration capacity of MG-63 cells and U20S cells, transwell
experiments have shown that IOP has a significant inhibitory
effect on the invasiveness of MG-63 cells and U20S cells, and
further apoptosis experiments have demonstrated that IOP
can promote the apoptosis of MG-63 cells and U20S cells.
Therefore, taken all these together, our functional experi-
ments showed that IOP has obvious antitumor activity on
osteosarcoma cells and has the potential for clinical applica-
tion in osteosarcoma treatment.

Further studies suggested that IOP can also inhibit the
activation of the Akt/mTOR and NF-xB signaling pathway
in osteosarcoma cells. Akt, also known as PKB (protein
kinase B), is a serine/threonine-specific protein kinase that
can be activated by PI3K at Thr308 and Ser473 sites. Acti-
vated Akt can activate the mTOR pathway in a variety of
ways. And mTOR is an important serine-threonine protein
kinase downstream of the PI3K/Akt signaling pathway which
can regulate the malignant biological process of tumor cells
by activating ribosomal kinase [20]. The Akt/mTOR signal-
ing pathway is typically abnormally activated in a variety of
malignant tumors and causes abnormal expression of down-
stream genes such as PFKFB2, p21, Vimentin, and Bcl-2.

Thereby, Akt/mTOR signaling pathway plays an impor-
tant role in a variety of cellular biological processes of tumor
cells, including autophagy, proliferation, migration, invasion,
and apoptosis [21]. NF-xB has been shown to control the
expression of tumor-related genes, such as Cyclin DI, c-
Myc, HER2, interleukins, and XIAP, to regulate chronic
inflammation, tumor cell survival, antiapoptosis, prolifera-
tion, invasion, and angiogenesis [22]. RelA/p65, which is a
subunit of NF-«B, can increase transcription activity after
phosphorylation, causing the activation of NF-xB, thereby
promoting the transcription of related oncogenes [23]. In this
study, it appears that IOP may regulate the proliferation,
migration, invasion, and apoptosis of osteosarcoma cells by
inhibiting the activation of the Akt/mTOR and NF-«B signal-
ing pathway and further supplement the understanding of
the antitumor mechanism of IOP.
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5. Conclusion

The results of this study indicate that polysaccharide from
Inonotus obliquus polysaccharide can regulate the prolifera-
tion, migration, invasion, and apoptosis of osteosarcoma cells
by inhibiting the activation of the Akt/mTOR and NF-xB
signaling pathway. This study also confirms that IOP has
obvious antitumor activity against osteosarcoma and has
the potential for clinical application in osteosarcoma treat-
ment. At the same time, the molecular study provides a the-
oretical basis for the application of IOP in the treatment of
osteosarcoma. However, this study lacks in vivo animal and
clinical experiments, which are the shortcomings of this
study and the direction for future development.

Data Availability

All the data is available with the handwritten notebook
documented in our lab.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

This work is supported by Weifang City Health and Family
Planning Commission Scientific Research Project Plan
(Grant no. wfwsjs-2018-107).

References

[1] F. Yin, Z. Wang, Y. Jiang et al., “Reduction-responsive poly-
peptide nanomedicines significantly inhibit progression of
orthotopic osteosarcoma,” Nanomedicine, vol. 23, p. 102085,
2020.

[2] Y. Suehara, D. Alex, A. Bowman et al., “Clinical genomic
sequencing of pediatric and adult osteosarcoma reveals dis-
tinct molecular subsets with potentially targetable alter-
ations,” Clinical Cancer Research, vol. 25, no. 21, pp. 6346-
6356, 2019.

[3] Y. Chen, J. Cao, N. Zhang et al., “Advances in differentiation
therapy for osteosarcoma,” Drug Discovery Today, vol. 25,
no. 3, pp. 497-504, 2020.

[4] P. Marec-Berard, C. Dalban, N. Gaspar et al., “A multicentric
randomized phase II clinical trial evaluating high-dose thio-
tepa as adjuvant treatment to standard chemotherapy in
patients with resectable relapsed osteosarcoma,” European
Journal of Cancer, vol. 125, pp. 58-68, 2020.

[5] X. M. Huang, Z.J. Yang, Q. Xie, Z. K. Zhang, H. Zhang, and
J. Y. Ma, “Natural products for treating colorectal cancer: a
mechanistic review,” Biomedicine ¢ Pharmacotherapy,
vol. 117, p. 109142, 2019.

[6] X.Li, Y. He, P. Zeng et al., “Molecular basis for Poria cocos
mushroom polysaccharide used as an antitumour drug in
China,” Journal of Cellular and Molecular Medicine, vol. 23,
no. 1, pp. 4-20, 2019.

[7] X. Y. Wang, D. D. Zhang, J. Y. Yin, S. P. Nie, and M. Y. Xie,
“Recent developments in Hericium erinaceus polysaccha-
rides: extraction, purification, structural characteristics and



Analytical Cellular Pathology

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

biological activities,” Critical Reviews in Food Science and
Nutrition, vol. 59, Supplement 1, pp. S96-S115, 2019.

K. Li, S. Li, D. Wang et al., “Extraction, characterization, anti-
tumor and immunological activities of hemicellulose polysac-
charide from astragalus radix herb residue,” Molecules,
vol. 24, no. 20, p. 3644, 2019.

Y. Y. Feng, H. Y. Ji, X. D. Dong, and A. J. Liu, “An alcohol-
soluble polysaccharide from Atractylodes macrocephala Koidz
induces apoptosis of Eca-109 cells,” Carbohydrate Polymers,
vol. 226, p. 115136, 2019.

X. Lu, H. Chen, P. Dong, L. Fu, and X. Zhang, “Phytochemical
characteristics and hypoglycaemic activity of fraction from
mushroom Inonotus obliquus,” Journal of the Science of Food
and Agriculture, vol. 90, no. 2, pp. 276-280, 2010.

W. Zheng, K. Miao, Y. Liu et al., “Chemical diversity of biolog-
ically active metabolites in the sclerotia of Inonotus obliquus
and submerged culture strategies for up-regulating their pro-
duction,” Applied Microbiology and Biotechnology, vol. 87,
no. 4, pp. 1237-1254, 2010.

Y. Song, J. Hui, W. Kou et al., “Identification of Inonotus obli-
quus and analysis of antioxidation and antitumor activities of
polysaccharides,” Current Microbiology, vol. 57, no. 5,
Pp. 454-462, 2008.

J. Wang, W. Hu, L. Li et al., “Antidiabetic activities of polysac-
charides separated from Inonotus obliquus via the modulation
of oxidative stress in mice with streptozotocin-induced diabe-
tes,” PLoS One, vol. 12, no. 6, article e0180476, 2017.

Y. Hu, C. Teng, S. Yu et al., “Inonotus obliquus polysaccharide
regulates gut microbiota of chronic pancreatitis in mice,” AMB
Express, vol. 7, no. 1, p. 39, 2017.

Y. F. Chen, J. J. Zheng, C. Qu et al., “Inonotus obliquus poly-
saccharide ameliorates dextran sulphate sodium induced coli-
tis involving modulation of Th1/Th2 and Th17/Treg balance,”
Artificial Cells, Nanomedicine, and Biotechnology, vol. 47,
no. 1, pp. 757-766, 2019.

Y. Han, S. Nan, J. Fan, Q. Chen, and Y. Zhang, “Inonotus obli-
quus polysaccharides protect against Alzheimer's disease by
regulating Nrf2 signaling and exerting antioxidative and anti-
apoptotic effects,” International Journal of Biological Macro-
molecules, vol. 131, pp. 769-778, 2019.

L. Xu, R. Sang, Y. Yu, J. Li, B. Ge, and X. Zhang, “The polysac-
charide from Inonotus obliquus protects mice from Toxo-
plasma gondii-induced liver injury,” International Journal of
Biological Macromolecules, vol. 125, pp. 1-8, 2019.

S. Jiang, F. Shi, H. Lin et al., “Inonotus obliquus polysaccha-
rides induces apoptosis of lung cancer cells and alters
energy metabolism via the LKBI/AMPK axis,” International
Journal of Biological Macromolecules, vol. 151, pp. 1277-
1286, 2020.

K.R.Lee,J.S. Lee, Y. R. Kim, I. G. Song, and E. K. Hong, “Poly-
saccharide from Inonotus obliquus inhibits migration and
invasion in B16-F10 cells by suppressing MMP-2 and MMP-
9 via downregulation of NF-«B signaling pathway,” Oncology
Reports, vol. 31, no. 5, pp. 2447-2453, 2014.

Z. Xu, X. Han, D. Ou et al, “Targeting PI3K/AKT/mTOR-
mediated autophagy for tumor therapy,” Applied Microbiology
and Biotechnology, vol. 104, no. 2, pp. 575-587, 2020.

D. Tewari, P. Patni, A. Bishayee, A. N. Sah, and A. Bishayee,
“Natural products targeting the PI3K-Akt-mTOR signaling
pathway in cancer: a novel therapeutic strategy,” Seminars in
Cancer Biology, 2019.

[22] A. Ahmad and H. Ahsan, “Ras-mediated activation of NF-xB
and DNA damage response in carcinogenesis,” Cancer Investi-
gation, vol. 38, no. 4, pp. 185-208, 2020.

[23] D. Kabacaoglu, D. A. Ruess, J. Ai, and H. Algiil, “NF-xB/Rel
transcription factors in pancreatic cancer: focusing on RelA,
c-Rel, and RelB,” Cancers (Basel), vol. 11, no. 7, p. 937, 2019.



	Effects of Inonotus obliquus Polysaccharides on Proliferation, Invasion, Migration, and Apoptosis of Osteosarcoma Cells
	1. Introduction
	2. Materials and Methods
	2.1. Materials and Reagents
	2.2. IOP Extraction and Identification
	2.3. Cell Culture and Treatment
	2.4. Cell Proliferation Detected with CCK-8
	2.5. Cell Migration Measured with Cell Scratch Test
	2.6. Cell Invasion Determined by Transwell Cell Assay
	2.7. Cell Apoptosis Measured with Annexin V-FITC/PI Apoptosis Detection Kit
	2.8. Western Blot
	2.9. Statistical Analysis

	3. Results
	3.1. IOP Identification by High-Performance Liquid Chromatography
	3.2. IOP Inhibits MG-63 Cells and U2OS Cell Proliferation
	3.3. IOP Inhibits MG-63 Cells and U2OS Cell Migration
	3.4. IOP Inhibits MG-63 Cells and U2OS Cell Invasion
	3.5. IOP Promotes Apoptosis of MG-63 Cells and U2OS Cells
	3.6. IOP Inhibits Akt/mTOR and NF-κB Signaling Pathway

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

