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Abstract. – OBJECTIVE: To investigate the in-
fluences of rapamycin on proliferation and apop-
tosis of human osteosarcoma MG-63 cells and 
the mechanisms of action. 

MATERIALS AND METHODS: The human os-
teosarcoma MG-63 cells were randomly divided 
into Control group, Rapamycin group, and Rapa-
mycin + Beclin-1 plasmid transfection group. 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) assay was adopted to de-
tect the viability of MG-63 cells in each group, 
and the 5-Ethynyl-2’-deoxyuridine (EdU) staining 
and Hoechst staining were applied to determine 
the proliferation and apoptosis, respectively, of 
MG-63 cells in each group. The levels of B-cell 
lymphoma-2 (Bcl-2) and Bcl-2-associated X pro-
tein (Bax) were measured using enzyme-linked 
immunosorbent assay (ELISA) kits, and the pro-
tein expression levels of Beclin-1 and Vps34 in 
each group of MG-63 cells were tested using the 
Western blotting. 

RESULTS: Compared with the Control group, 
Rapamycin group, and Rapamycin + Beclin-1 
plasmid transfection group had markedly weak-
ened the viability of MG-63 cells, inhibited cell 
proliferation, remarkably increased cell apop-
tosis rate, elevated Bax level, notably declined 
Bcl-2 level, and significantly raised the levels of 
Beclin-1 and Vps34 proteins in MG-63 cells. Be-
sides, the effects in Beclin-1 plasmid transfec-
tion group were stronger. 

CONCLUSIONS: Rapamycin may decrease the 
viability, inhibit the proliferation, and promote 
the apoptosis of MG-63 cells by activating au-
tophagy.
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Introduction

Osteosarcoma, a type of primary malignant tu-
mor originating in primitive mesenchymal cells, 

frequently occurs in the metaphysis of the long 
bone in children and adolescents, with pain and 
swelling as the clinical manifestations. It is charac-
terized by rapid onset and tumor growth as well as 
easy relapse and metastasis1-3. Clinically, osteosar-
coma is mainly treated by means of surgical resec-
tion, during which adjunctive therapy with chemo-
therapy drugs such as cisplatin, Adriamycin, and 
methotrexate are applied to the patients. However, 
no prominent improvement in the overall treatment 
effect on osteosarcoma has been achieved over the 
past decades, so seeking novel treatment meth-
ods or researching and developing new drugs is a 
hotspot of the research on the disease4,5.

Autophagy is widespread in eukaryotic cells 
and serves as one of the pathways accelerating 
the degradation of impaired, denatured, or senes-
cent proteins in cells, thus maintaining cellular 
homeostasis6. When the cells are stimulated by 
stress, the autophagy can effectively prevent the 
intracellular accumulation of toxic or carcino-
genic proteins. In recent years, a large amount of 
literature7,8 has reported that autophagy is closely 
associated with the occurrence and development 
of tumors, and it is involved in the regulation of 
the apoptosis and drug resistance of tumor cells 
and also in the proliferation and differentiation 
of tumor stem cells. Autophagy and apoptosis 
are two overlapping modes of programmed cell 
death. With the deepening of some studies, friz-
zled-related protein Beclin-1 is discovered by re-
searchers for the first time. Known as the BECN1 
gene and located in human chromosome 17q21, 
Beclin-1 is the first target found to be related to 
autophagy. It can form autophagy-associated 
complexes by binding to Vps34 through the evo-
lutionarily conserved district, thereby triggering 
autophagy9,10. It suggests that the cell autophagy, 
activated by appropriate drugs or intervention 
means, can repress the proliferation and promote 
the apoptosis of tumor cells.
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Rapamycin, also known as “sirolimus”, is ex-
tracted from Streptomyces hygroscopicus and 
belongs to the 36-membered triene macrolide 
antibiotics11. Donckier et al12 have revealed that 
rapamycin has anti-tumor, immunosuppressive, 
and other pharmacological actions, which are ex-
tensively applied to prevent organ rejection after 
transplantation in the clinic. Some investigations 
have discovered that rapamycin manifests a favor-
able anti-tumor effect, but its regulatory role in hu-
man osteosarcoma cells is rarely reported. There-
fore, this paper aims to investigate the influences 
of rapamycin on the proliferation and apoptosis of 
osteosarcoma cells and explore the mechanisms of 
action, so as to provide a new basis for the clinical 
treatment of osteosarcoma with rapamycin.

Materials and Methods

Reagents
The main reagents used were: rapamycin (Sangon 

Biotechnology, Shanghai, China); Beclin-1 plasmid 
(Wuhan Miaoling Bioscience & Technology Co., 
Ltd., Wuhan, China); Lipofectamine 2000 transfec-
tion reagent (Invitrogen, Carlsbad, CA, USA); MG-
63 cells lines (Shanghai Xin Yu Biotechnology Co., 
Ltd., Shanghai, China); high glucose Dulbecco’s 
Modified Eagle’s Medium (H-DMEM, Hyclone, 
South Logan, UT, USA); fetal bovine serum (FBS, 
Hyclone, South Logan, UT, USA); penicillin/strepto-
mycin (P/S; Gibco, Grand Island, NY, USA); trypsin 
(Beijing Solarbio Science & Technology Co., Ltd., 
Beijing, China); cell culture plate and flask (Corn-
ing, Corning, NY, USA); kits of 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
assay, 5-Ethynyl-2’-deoxyuridine (EdU) staining 
and Hoechst staining (Shanghai Beyotime Biotech-
nology Co., Ltd., Shanghai, China); enzyme-linked 
immunosorbent assay (ELISA) kits for B-cell lym-
phoma-2 (Bcl-2) and Bcl-2-associated X protein 
(Bax; Abcam, Cambridge, MA, USA); rabbit an-
ti-human Beclin-1 and Vps34 primary antibodies 
(Sigma-Aldrich, St. Louis, MO, USA);  horseradish 
peroxidase (HRP-labeled secondary antibodies; 
Beijing Bioss Biological Technology Co., Ltd., Bei-
jing, China).

Instruments
The main instruments used were: Inverted flu-

orescence microscope (Nikon, Tokyo, Japan); gel 
electrophoresis apparatus (Bio-Rad, Hercules, CA, 
USA) and microplate reader (Shanghai Flash Spec-
trum Biotechnology Co., Ltd., Shanghai, China).

MG-63 Cell Culture and Transfection
MG-63 cells were cultured in the H-DMEM 

containing 10% FBS and 1% P/S for 3 d and then 
washed using high-temperature sterilized 1× 
Phosphate-Buffered Saline (PBS) solution. Lat-
er, the cells were reacted with trypsin for 5 min, 
and the complete medium was added to terminate 
the digestion. The cell suspension was collected 
and centrifuged at 1,500 rpm for 7 min. After the 
medium was discarded, another complete medi-
um was added to resuspend the cell pellets, and 
the cells were paved on a 6-well plate overnight. 
When the cell fusion reached 70-80%, 2 μg of 
Beclin-1 plasmid was dissolved in 150 μL of Op-
ti-Medium and placed for 5 min according to the 
instructions of Lipofectamine 2000. Next, 6 μL 
of Lipofectamine 2000 was dissolved in 150 μL 
of Opti-Medium, followed by standing for 5 min. 
Subsequently, the two solutions were mixed and 
let stand for 20 min, and then the mixture was 
added dropwise into the culture medium of MG-
63 cells. 6 h later, the medium was replaced, and 
the transfection was observed 24 h later.

Detection of MG-63 Cell Viability 
in Each Group Via MTT Assay

MTT kit is a very typical tool to detect cell 
viability, in which the stronger the cell viability 
means the higher the absorbance. The MG-63 
cells were paved on a 96-well plate at a density 
of 5×103 cells/well and cultured overnight. Later, 
the MTT solution (5 mg/mL) was prepared and 
stored away from light. At 24 h after the reaction 
with rapamycin (50 nM), 10 μL of MTT solution 
was added into each well and cultured for other 
4 h. After that, 100 μL of formazan solution was 
added into each well, mixed, and cultured again 
for 4 h. Finally, the absorbance at the wavelength 
of 570 nm was measured using the microplate 
reader.

Detection of MG-63 Cell Proliferation 
in Each Group Via Edu Staining

The Edu-488 cell proliferation detection kit 
was used for cell proliferation detection, in which 
the thymidine analog Edu was incorporated and 
labeled in the process of DNA synthesis. 100 μL 
of Edu working solution (10 μM) was added into 
MG-63 cells in the 96-well plate for incubation 
for 2 h. Subsequently, the cells were fixed in 4% 
paraformaldehyde for 15 min, sealed in PBS solu-
tion containing 3% bovine serum albumin (BSA), 
permeabilized in 0.3% Triton X-100 solution for 
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15 min, and washed with PBS (5 min/time). Final-
ly, the staining was observed at the wavelength of 
495 nm under a microscope.

Detection of MG-63 Cell Apoptosis in 
Each Group Via Hoechst 33258 Staining

Hoechst 33258 (molecular formula: C25H-
24N6O·3HCl, molecular weight: 533.88) is a kind 
of blue fluorescent dye capable of penetrating the 
cell membrane, with relatively low cytotoxicity. 
MG-63 cells in the 96-well plate were fixed with 
4% paraformaldehyde and then permeabilized 
with 0.3% Triton X-100 solution for 15 min, fol-
lowed by reaction with Hoechst 33258 staining 
solution (1 μg/mL) for 15 min, washing with PBS 
solution and observation of staining under the mi-
croscope.

Detection of Bax and Bcl-2 Levels in 
Each Group of MG-63 Cells Via ELISA

The blank wells were added with 100 μL 
of samples, while the control wells were add-
ed with 100 μL of deionized water. Then, 50 
μL of the enzyme-labeled solution was added 
into each well, and the microplate was sealed 
using sealing gum, followed by incubation at 
37°C for 1 h. Next, the microplate was washed 
adequately for 3-5 times (5 min/time) and pat-
ted thoroughly dry on absorbent paper. Later, 
50 μL of color developer A and 50 μL of color 
developer B were added for incubation at room 
temperature for 15 min. Finally, 50 μL of stop 
buffer was added to terminate the reaction. The 
absorbance at the wavelength of 450 nm in each 
well was detected using the microplate reader 
within 30 min, and the levels of Bax and Bcl-2 
were calculated.

Detection of Beclin-1 and Vps34 Protein 
Levels in MG-63 Cells in Each Group Via 
Western Blotting Assay

The total proteins in each group of MG-63 
cells were extracted, and the concentration was 
determined via the Bradford method. According 
to the loading of electrophoresis (20 μg), a cor-
responding volume of protein lysate was added. 
The voltage was set as 80 V when the proteins 
were in the spacer gel, which was switched to 120 
V when the proteins ran to the dividing line be-
tween the separation gel and spacer gel. After the 
electrophoresis, the proteins were transferred on-
to a membrane, and the target bands were clipped 
according to the Marker, followed by incubation, 
sealing with 5% BSA for 1 h, and incubation with 

rabbit anti-human Beclin-1 and Vps34 primary 
antibodies diluted by 1% BSA (1:1000) overnight. 
The next morning, the proteins were incubated 
with horseradish peroxidase (HRP)-labeled sec-
ondary antibodies for 1 h, the color was devel-
oped using the diaminobenzidine (DAB) color 
developer, and the optical density of the bands 
was recorded and analyzed.

Statistical Analysis
The Statistical Product and Service Solutions 

(SPSS) 20.0 (IBM Corp., Armonk, NY, USA) 
software was employed for statistical analyses 
and the measurement data were presented as 
mean ± standard deviation. The t-test was used 
to analyze the measurement data. The differences 
between the two groups were analyzed using the 
Student’s t-test. The comparison between multi-
ple groups was done using One-way ANOVA test 
followed by the post-hoc test (Least Significant 
Difference). p<0.05 suggested that the difference 
was statistically significant.

Results

Rapamycin Could Reduce the MG-63 
Cell Viability

The impact of rapamycin on MG-63 cell viabil-
ity was investigated via MTT assay. As shown in 
Figure 1, the cell viability was markedly reduced 
in Rapamycin group (*p<0.05) and Rapamycin 
+ Beclin-1 plasmid transfection group (#p<0.05) 
compared with that in Control group,. Moreover, 
the impact in Rapamycin + Beclin-1 plasmid 
transfection group was stronger than that in the 
Rapamycin group, suggesting that rapamycin is 
able to attenuate the viability of MG-63 cells, and 
the effect of transfection with Beclin-1 plasmid is 
stronger.

Rapamycin Could Inhibit the MG-63 
Cell Proliferation

The Edu staining was conducted to detect the 
impact of rapamycin on MG-63 cell prolifera-
tion, and the results are shown in Figure 2. Ac-
cording to the statistical analysis, in comparison 
with that in the Control group, the cell prolifer-
ative capacity was remarkably decreased in the 
Rapamycin group (*p<0.05), and it was also sig-
nificantly weakened in Rapamycin + Beclin-1 
plasmid transfection group (#p<0.05), manifest-
ing stronger impact than that in the Rapamycin 
group (Figure 3). This indicated that rapamycin 
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can repress the proliferation of MG-63 cells, and 
that the transfection with Beclin-1 plasmid had a 
stronger effect.
Rapamycin Could Promote the MG-63 
Cell Apoptosis

The Hoechst 33258 staining was utilized to 
detect the impact of rapamycin on MG-63 cell 
apoptosis. It was shown in the results (Figure 
4) that the apoptotic cells were stained bright 
blue and had shrunk nuclei. The results of the 
statistical analysis indicated that both the Rapa-
mycin group (*p<0.05) and the Rapamycin + 
Beclin-1 plasmid transfection group (#p<0.05) 
had notably higher cell apoptosis rates than the 
Control group. Besides, the impact in the Rapa-
mycin + Beclin-1 plasmid transfection group 
was stronger than that in the Rapamycin group 
(Figure 5), illustrating that rapamycin is capa-
ble of promoting the apoptosis of MG-63 cells, 
and that the transfection with Beclin-1 plasmid 
has a stronger effect.

Rapamycin Could Increase Bax Level and 
Decrease Bcl-2 Level in MG-63 Cells

The impacts of rapamycin on the expression lev-
els of Bax and Bcl-2 in MG-63 cells were explored 
via ELISA. Compared with those in the Control 
group, the Bax level was elevated (*p<0.05), while 
the Bcl-2 level was lowered (*p<0.05) in Rapa-
mycin group (Table I). Moreover, the raised Bax 
level (#p<0.05) and declined Bcl-2 level (#p<0.05) 
were also observed in the Rapamycin + Beclin-1 
plasmid transfection group, and the effects were 
stronger than those in the Rapamycin group.

Table I. Bax and Bcl-2 levels in each group of MG-63 cells detected via ELISA.

Group	 Bax (pg/mL)	 Bcl-2 (pg/mL)

Control	 9.36 ± 1.02	 23.45 ± 2.84
Rapamycin	 23.48 ± 2.73*	 14.26 ± 2.05*
Rapamycin + Beclin-1	 35.39 ± 2.96#	 10.33 ± 2.17#

Note (*p<0.05: Rapamycin group vs. Control group, #p<0.05: Rapamycin + Beclin-1 plasmid transfection group vs. Rapamycin 
group).

Figure 1. Comparison of MG-63 cell viability among 
groups. (*p<0.05: Rapamycin group vs. Control group, 
#p<0.05: Rapamycin + Beclin-1 plasmid transfection group 
vs. Rapamycin group).

Figure 2. Comparison of MG-63 cell proliferative capacity among groups via Edu staining (20×).
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Discussion

Osteosarcoma, as the most common primary 
malignant bone tumor, mainly occurs in adoles-
cents aged 15-25 years old, and males have a prom-
inently higher incidence rate than females13,14. In 
previous clinical practices, the treatment protocol 
for osteosarcoma was dominated by the life-sav-
ing amputation, but unfortunately, the 5-year sur-
vival rate of the patients was only 20%. Moreover, 
the imperfect overall appearance due to amputa-
tion will cause tremendous psychological damage 
to the patients. Lugowska et al15, however, showed 
that the rapid development in medicine has made 
limb salvage treatment possible for osteosarcoma 
patients. Later, combined with the chemotherapy 
drugs, the survival time of the patients is extend-
ed greatly, and the quality of life is also improved. 
The pathogenesis of osteosarcoma is still a task to 
be solved by researchers, and the understanding 
and mastering the pathogenesis is of important 
significance for the prevention and treatment of 
the disease.

Autophagy is a cell protective mechanism and 
a lysosome-mediated intracellular protein degra-
dation process16,17. The autophagy at the cellular 
level is conducive to maintaining cellular homeo-
stasis, while its destruction can easily trigger tu-
mors. More attention and importance have been 
paid to the exploration of autophagy by research-
ers. The cell autophagy is suppressed in the case of 
tumor, so the normal autophagy cannot be exerted 
to promote cell apoptosis. Tsai et al18 discovered 
that autophagy plays a positive regulatory role 
in the epithelial-mesenchymal transition in non-
small cell lung cancer cells, suggesting that the 
development of non-small cell lung cancer can be 

Rapamycin Could Increase Protein 
Expressions of Beclin-1 and Vps34 
in MG-63 Cells

The Western blotting was performed to deter-
mine the impacts of rapamycin on the protein ex-
pressions of Beclin-1 and Vps34 in MG-63 cells. 
According to the bands (Figure 6), the protein 
levels of Beclin-1 and Vps34 were increased in 
the Rapamycin group (*p<0.05) and Rapamycin 
+ Beclin-1 plasmid transfection group (#p<0.05) 
compared with those in Control group, while 
the Rapamycin + Beclin-1 plasmid transfection 
group manifested stronger effects than Rapamy-
cin group (Figure 7).

Figure 3. Comparison of MG-63 cell proliferative capac-
ity among groups. (*p<0.05: Rapamycin group vs. Control 
group, #p<0.05: Rapamycin + Beclin-1 plasmid transfection 
group vs. Rapamycin group).

Figure 4. Comparison of MG-63 cell apoptosis among groups via Hoechst 33258 staining (20×).
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affected by controlling the cell autophagy. Jiao et 
al19 revealed that the cell apoptosis in liver cancer 
is associated with glycolysis level. The total RNA 
was extracted from human liver cancer tissues, 
and the specifically expressed target hexokinase 2 
(HK2) was screened via microarray assay. It was 
found that the regulation of the autophagy target-
ing HK2 can intervene in the glycolytic pathway 
in liver cancer, providing a new method for the 
treatment of liver cancer with impaired autopha-
gy19. The above research findings demonstrate that 
cell autophagy is closely related to the occurrence 
and development of tumor diseases. In addition, 
autophagy has been regarded as a crucial factor 
for tumor cell migration and invasion. Xu et al20 

found that the overexpressed miR-30a is able to 
significantly accelerate the apoptosis of the osteo-
sarcoma cells, whose mechanism is probably as-
sociated with the targeted regulation of Beclin-1 
level, thus implying that the regulation of the cell 
autophagy by proper drugs or intervention means 
have vital effects on the prevention and treatment 
of osteosarcoma.

Hence, the impact of rapamycin on MG-63 
cell viability was detected via MTT assay in this 
experiment, and it was shown that rapamycin 
could markedly weaken the MG-63 cell viability 
(*p<0.05). Later, the results of Edu and Hoechst 
33258 staining manifested that rapamycin could 
inhibit the proliferation but promote the apoptosis 
of MG-63 cells, and the effects in Beclin-1 plas-
mid transfection group were more apparent after 
the intervention with rapamycin. Subsequently, the 
Bax and Bcl-2 levels in MG-63 cells were mea-
sured using ELISA kits. The results displayed that 
rapamycin could remarkably increase the level of 
the pro-apoptotic factor Bax and decrease that of 
the anti-apoptotic factor Bcl-2. Moreover, Beclin-1 
plasmid transfection group exhibited more signifi-
cant effects after the intervention with rapamycin. 
To further explore the regulatory role of rapamycin 
in the MG-63 cell proliferation, and apoptosis, the 
Western blotting assay was adopted to determine 
the protein expression levels of Beclin-1, Vps34, 
and the key target proteins in the autophagy-related 

Figure 5. Comparison of MG-63 cell apoptosis rate among 
groups. (*p<0.05: Rapamycin group vs. Control group, 
#p<0.05: Rapamycin + Beclin-1 plasmid transfection group 
vs. Rapamycin group).

Figure 6. Comparisons of protein expressions of Beclin-1 
and Vps34 in MG-63 cells among groups via Western blot-
ting assay.

Figure 7. Comparisons of Beclin-1 and Vps34 protein 
levels in MG-63 cells among groups. (*p<0.05: Rapamycin 
group vs. Control group, #p<0.05: Rapamycin + Beclin-1 
plasmid transfection group vs. Rapamycin group).
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signaling pathways. It was revealed that rapamycin 
could exert its effect by up-regulating the protein 
levels of Beclin-1 and Vps34 and activating the 
autophagy. The results of the present experiment 
provide an experimental basis for the treatment of 
osteosarcoma with rapamycin.

Conclusions

Rapamycin may decrease the viability, inhibit the 
proliferation, and promote the apoptosis of MG-63 
cells by activating the autophagy.

Conflict of Interests
The Authors declare that they have no conflict of interests.

Funding Acknowledgements
National Natural Science Foundation of China, No: 
81601877; Key R&D Program Projects in Shaanxi Province, 
No: S2019-YF-YBSF-0172.

References

  1)	 Moore DD, Luu HH. Osteosarcoma. Cancer Treat 
Res 2014; 162: 65-92.

  2)	 Kansara M, Teng MW, Smyth MJ, Thomas DM. Trans-
lational biology of osteosarcoma. Nat Rev Cancer 
2014; 14: 722-735.

  3)	 Nie WB, Zhao LM, Guo R, Wang MX, Ye FG. Circu-
lar RNA circ-NT5C2 acts as a potential novel bio-
marker for prognosis of osteosarcoma. Eur Rev 
Med Pharmacol Sci 2018; 22: 6239-6244. 

  4)	 Zhou W, Hao M, Du X, Chen K, Wang G, Yang J. 
Advances in targeted therapy for osteosarcoma. 
Discov Med 2014; 17: 301-307.

  5)	 Lai Q, Ye C, Gao T, Xiao J, Xie A, Liu X, Yu X, Liu J, 
Dai M, Liu H, Zhang B. Therapeutic effect of neo-
adjuvant chemotherapy combined with curettage 
to treat distal femoral osteosarcoma: a case re-
port. Medicine (Baltimore) 2017; 96: e8672.

  6)	 Liu K, Ren T, Huang Y, Sun K, Bao X, Wang S, Zheng 
B, Guo W. Apatinib promotes autophagy and apop-
tosis through VEGFR2/STAT3/BCL-2 signaling in 
osteosarcoma. Cell Death Dis 2017; 8: e3015.

  7)	 Kimmelman AC, White E. Autophagy and tumor me-
tabolism. Cell Metab 2017; 25: 1037-1043.

  8)	 Xin Y, Jiang F, Yang C, Yan Q, Guo W, Huang Q, 
Zhang L, Jiang G. Role of autophagy in regulating 
the radiosensitivity of tumor cells. J Cancer Res 
Clin Oncol 2017; 143: 2147-2157.

  9)	 Liu GS, Zhu H, Cai WF, Wang X, Jiang M, Essandoh 
K, Vafiadaki E, Haghighi K, Lam CK, Gardner G, Adly 

G, Nicolaou P, Sanoudou D, Liang Q, Rubinstein J, 
Fan GC, Kranias EG. Regulation of BECN1-mediat-
ed autophagy by HSPB6: Insights from a human 
HSPB6S10F mutant. Autophagy 2018; 14: 80-97.

10)	 Lin JF, Lin YC, Tsai TF, Chen HE, Chou KY, Hwang TI. 
Cisplatin induces protective autophagy through 
activation of BECN1 in human bladder cancer 
cells. Drug Des Devel Ther 2017; 11: 1517-1533.

11)	 Fu J, Wang H, Gao J, Yu M, Wang R, Yang Z, Zhang T. 
Rapamycin effectively impedes melamine-induced 
impairments of cognition and synaptic plasticity in 
Wistar rats. Mol Neurobiol 2017; 54: 819-832.

12)	 Donckier V, Craciun L, Miqueu P, Troisi RI, Lucidi V, 
Rogiers X, Boon N, Degre D, Buggenhout A, Moreno 
C, Gustot T, Sainz-Barriga M, Bourgeois N, Colle I, 
Van Vlierberghe H, Amrani M, Remmelink M, Lemmers 
A, Roelen DL, Claas FH, Reinke P, Sawitzki B, Volk 
HD, Le Moine A, de Hemptinne B, Goldman M. Ex-
pansion of memory-type CD8+ T cells correlates 
with the failure of early immunosuppression with-
drawal after cadaver liver transplantation using 
high-dose ATG induction and rapamycin. Trans-
plantation 2013; 96: 306-315.

13)	 Gümbel D, Gelbrich N, Weiss M, Napp M, Daeschlein 
G, Sckell A, Ender SA, Kramer A, Burchardt M, Ek-
kernkamp A, Stope MB. New treatment options for 
osteosarcoma – inactivation of osteosarcoma 
cells by cold atmospheric plasma. Anticancer Res 
2016; 36: 5915-5922.

14)	 Klein MJ, Siegal GP. Osteosarcoma: anatomic and 
histologic variants. Am J Clin Pathol 2006; 125: 
555-581.

15)	 Lugowska I, Mierzejewska E, Lenarcik M, Klepacka 
T, Koch I, Michalak E, Szamotulska K. The clinical 
significance of changes in ezrin expression in os-
teosarcoma of children and young adults. Tumour 
Biol 2016; 37: 12071-12078.

16)	 Chen R, Li X, He B, Hu W. MicroRNA-410 regulates 
autophagy-related gene ATG16L1 expression and 
enhances chemosensitivity via autophagy inhi-
bition in osteosarcoma. Mol Med Rep 2017; 15: 
1326-1334.

17)	 Yuan H, Li ZM, Shao J, Ji WX, Xia W, Lu S. FGF2/
FGFR1 regulates autophagy in FGFR1-amplified 
non-small cell lung cancer cells. J Exp Clin Can-
cer Res 2017; 36: 72.

18)	 Tsai CH, Li CH, Cheng YW, Lee CC, Liao PL, Lin CH, 
Huang SH, Kang JJ. The inhibition of lung cancer 
cell migration by AhR-regulated autophagy. Sci 
Rep 2017; 7: 41927.

19)	 Jiao L, Zhang HL, Li DD, Yang KL, Tang J, Li X, Ji J, 
Yu Y, Wu RY, Ravichandran S, Liu JJ, Feng GK, Chen 
MS, Zeng YX, Deng R, Zhu XF. Regulation of gly-
colytic metabolism by autophagy in liver cancer 
involves selective autophagic degradation of HK2 
(hexokinase 2). Autophagy 2018; 14: 671-684.

20)	 Xu R, Liu S, Chen H, Lao L. MicroRNA-30a down-
regulation contributes to chemoresistance of os-
teosarcoma cells through activating Beclin-1-me-
diated autophagy. Oncol Rep 2016; 35: 1757-1763.


