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Abstract: Accumulating evidence reveals that DEP-domain containing mTOR-interacting 

protein (DEPTOR) plays pivotal roles in the pathogenesis and progression of many tumors. 

However, the expression level of DEPTOR and its function in the tumorigenesis of osteosar-

coma (OS) remain unknown. In this study, we conducted quantitative real-time polymerase 

chain reaction, Western blot, and immunohistochemistry to detect DEPTOR expression level in 

human OS tissues and cell lines. To assess DEPTOR function, DEPTOR siRNA was designed 

and transfected into OS cells, which were then used in a series of in vitro assays. Our results 

indicated that DEPTOR was highly expressed in some OS tissues and cell lines. DEPTOR 

knockdown by siRNA dramatically inhibited cell proliferation, migration, invasion, and the 

formation of vasculogenic mimicry in OS cells. In addition, DEPTOR knockdown induced cell 

cycle arrest in the G0/G1 phase and apoptosis in the OS cell lines, MG63 and MNNG/HOS. 

Furthermore, we found that DEPTOR knockdown notably activated mTOR and inhibited the 

PI3K/Akt pathway. Taken together, these results suggest that DEPTOR overexpression is 

necessary for the proliferation, migration, invasion, formation of vasculogenic mimicry, and 

survival of OS cells and may be a potential target for the treatment of OS.
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Introduction
Osteosarcoma (OS) is the most common malignant bone tumor with early metastatic 

potential and poor prognosis.1 Despite the fact that many patients benefit from mul-

tiagent chemotherapy and aggressive surgical resection, the survival rate of patients 

with OS did not improve over the past decades, especially for patients suffering from 

local recurrence or metastasis.2,3 Targeted therapy is considered a promising treatment 

for cancer. Many targeted drugs applied in the clinic are eutherapeutic. However, little 

progress has been made in the treatment of OS.4 Therefore, it is of great importance to 

identify novel therapeutic targets to improve the prognosis of patients with OS.

The mammalian target of rapamycin (mTOR), including mTORC1 and mTORC2, 

is an evolutionarily conserved serine/threonine protein kinase and the central regulator 

of cell metabolism, growth, proliferation, autophagy, survival, and angiogenesis because 

it responds to diverse cellular signals.5,6 Hence, deregulation of the mTOR pathway 

takes part in the pathogenesis of many diseases, including cancer, obesity, diabetes, and 

Alzheimer’s disease.7,8 Abnormal activation of the mTOR pathway has been detected 

in OS, and accumulating evidence demonstrates that the aberrant activation of mTOR 

pathway plays a pivotal role in the proliferation, metastasis, apoptosis, and chemotherapy 
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resistance of OS cells.9 Thus, inhibiting mTOR pathway activa-

tion may be a promising target for OS treatment. Consistent 

with this notion, many studies confirmed that mTOR inhibitors, 

typically rapamycin, can effectively prevent the progression 

of OS.10 Furthermore, when combined with chemotherapy 

drugs, the antitumor curative effects of mTOR inhibitors are 

enhanced.11 However, the mTOR inhibitors applied for the 

treatment of OS are exiguous. Therefore, exploring new mTOR 

inhibitors will be of great interest for OS treatment.

DEP-domain containing mTOR-interacting protein 

(DEPTOR) is a recently identified endogenous inhibitor of 

mTOR. It was initially identified as being overexpressed 

in a subset of multiple myeloma (MM) cells.5 As a part of 

mTORC1 and mTORC2, DEPTOR inhibits both mTORC1 

and mTORC2 through its PDZ domain.12 Meanwhile, mTOR 

can also negatively regulate DEPTOR expression at the 

transcriptional and posttranslational levels.5 Considering 

the inextricable connection between DEPTOR and mTOR 

complexes, DEPTOR is considered important in the patho-

genesis of many diseases, especially in cancer. Accordingly, 

the abnormal expression of DEPTOR is detected in many 

tumors, and an interesting study suggested that DEPTOR is 

involved in cell growth, apoptosis, autophagy, and drug resis-

tance of human cancers.13 However, the effect of DEPTOR 

on tumorigenesis is still controversial because the expression 

of DEPTOR varies depending of the tumor type. Previous 

studies show that DEPTOR is downregulated in pancreatic 

ductal adenocarcinoma, esophageal squamous cell carci-

noma, colorectal cancer, and lung adenocarcinoma and 

indicates quick tumor progression and poor prognosis.14–17 

In contrast, DEPTOR is overexpressed in multiple myeloma, 

cervical cancer, ovarian cancer, thyroid carcinoma, and 

T-cell leukemia, where it is essential for Akt activation and 

cell survival.5,6,18–20 Nevertheless, the role of DEPTOR in the 

tumorigenesis and progression of OS has not been elucidated. 

Thus, exploring the effect of DEPTOR on OS will be of great 

benefits and may provide new targets for OS treatment.

In this study, we first evaluated the expression of 

DEPTOR in human OS tissues and cell lines. Furthermore, 

we detected the specific effects of DEPTOR on OS cells. 

Finally, we explored the possible mechanism involved in this 

process. Our study revealed important functions of DEPTOR 

in human OS for the first time.

Materials and methods
cell lines and tissues
Human OS cells, MG63, MNNG/HOS, U2OS, and normal 

osteoblast cells hFOB1.19, were purchased from the Cell 

Bank of Type Culture Collection of Chinese Academy of 

Sciences (Shanghai, China). Five OS tissue samples and 

paired adjacent normal tissue samples were obtained from 

patients undergoing neoadjuvant chemotherapy and surgery 

in the Department of Orthopaedic Surgery, Union Hospital 

(Wuhan, China). All samples used in this study were obtained 

in accordance with the policies of the institutional review 

board of the hospital. Ethical approval for the study was 

provided by the independent ethics committee, the Tongji 

Medical College, Huazhong University of Science and 

Knowledge, and written informed consent was obtained from 

each patient prior to the start of this study. Tissue samples 

were immediately stored in liquid nitrogen.

cell culture
The osteoblasts, hFOB1.19 cells, were cultured in DMEM/

Ham’s F-12 (DMEM/F-12; Thermo Fisher Scientific, Waltham, 

MA, USA) containing 10% fetal bovine serum (FBS; 

Sciencell, Carlsbad, CA, USA) and 0.3 mg/mL G418. The 

MG63 and MNNG/HOS cell lines were grown in Eagle’s 

minimum essential medium (Thermo Fisher Scientific) 

containing 10% FBS (Sciencell). The U2OS cells were 

cultured in RPMI medium 1640 (Thermo Fisher Scientific) 

supplemented with 10% FBS (Sciencell). Cells were incu-

bated at 37°C in a humidified atmosphere consisting of 5% 

CO2 and 95% air.

synthetic DePTOr sirna and 
transfection
Human DEPTOR si-RNAs and the corresponding negative 

control were designed and manufactured by RiboBio Co 

(Guangzhou, China). OS cells were treated with three inde-

pendent DEPTOR siRNAs, the sense and antisense 

sequences of which are as follows: DEPTOR siRNA-1: 

5′-CAUGACAAUCGGAAAUCUA dTdT-3′, 3′-dTdTGU 

ACUGUUAGCCUUUAGAU-5′; DEPTOR siRNA-2: 

5′-GCCAUGACAAUCGGAAAUCUA dTdT-3′, 3′-dTdTU

AGAUUUCCGAUUGUCAUGGC-5′; DEPTOR siRNA-3: 

5′-GCAAGGAAGACAUUCACGAUU dTdT-3′, 3′-dTdTG

CAAGGAAGACAUUCACGAUU-5′. The siRNA efficacy 

was tested and DEPTOR siRNA-1 was chosen to conduct 

the following experiments. Transfection was performed 

with Lipofectamine 3000 (Thermo Fisher Scientific) at the 

concentration of 120 nM according to the manufacturer’s 

instructions. The transfection medium was replaced with 

complete growth medium after 24 h of transfection, and the 

transfected cells were digested and cultivated in plates for 

further study.
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cell proliferation assay
Cell proliferation was measured by using the cell counting 

kit 8 (CCK-8; Dojindo, Kyushu Island, Japan) following the 

manufacturer’s instructions. In brief, 5×103 MG63 or MNNG/

HOS cells were seeded in 96-well plates supplied with com-

plete growth medium without antibiotics and transfected with 

nonspecific siRNA or DEPTOR siRNA; for each group, 10 

replicates were set. Cell growth was detected every 24 h 

during 1–5 days of culture. The absorbance was measured 

after incubation for 3 h at 37°C at a wavelength of 450 nm 

on a microplate reader (Biotek, Winooski, VT, USA). All 

experiments were repeated at least three times.

colony formation assay
To evaluate the anchorage-independent ability of OS cells, the 

colony formation assay was used. OS cells transfected with 

nonspecific siRNA or DEPTOR siRNA were trypsinized into 

a single-cell suspension 24 h after transfection and the cells 

were seeded in six-well plates at a concentration of 1×103 cells 

per well. After they were cultured for ~2 weeks, the cell 

colonies were fixed with 4% paraformaldehyde and stained 

with crystal violet (Sigma-Aldrich, Steinheim, Germany). 

Then, the colonies were photographed and counted.

Wound healing assay
For wound healing assay, cells transfected with nonspecific 

siRNA or DEPTOR siRNA were seeded in six-well plates 

and the wound was not made until the cells reached 90% 

confluence. The cell monolayer was carefully scratched 

using a sterile 1,000 μL pipette tip. The detached cells were 

washed twice with PBS, and the medium was subsequently 

replaced with complete medium without FBS. The wound 

location was marked by three parallel lines, and the cells were 

monitored over a 48 h period and imaged at 0, 24, and 48 h. 

The percentage of wound closure (original width – width 

after cell migration/original width) was calculated.21

Transwell migration assay
To further evaluate the influence of DEPTOR on the migration 

capacity of OS cells, we conducted the Transwell migration 

assay. Cells transfected with nonspecific siRNA or DEP-

TOR siRNA were starved for about 24 h; then, 1.5×104 cells 

in serum-free medium were placed on the upper part of a 

Transwell chamber (Corning Costar, Rochester, NY, USA) 

and 20% FBS-medium was added in the lower chamber. After 

48 h of incubation, the nonmigratory cells were removed by 

wiping with a cotton swab. The migratory cells were then 

fixed with 4% formaldehyde and stained with crystal violet. 

Five visual fields of each insert were randomly chosen, and 

the migratory cells were counted under a light microscope.

Tube formation assay
To assess the influence of DEPTOR on the formation of vas-

culogenic mimicry (VM), the Matrigel tube formation assay 

was performed.22 In brief, 50 μL Matrigel (BD Biosciences, 

San Jose, CA, USA) was added to 96-well plate at 4°C and 

allowed to solidify at 37°C for 0.5 h. Then, after transfection 

for 24 h, 2×104 MG63 or MNNG/HOS cells suspended in 

100 μL medium were seeded into the Matrigel-coated 96-well 

plate and incubated at 37°C. The formation of capillary-like 

tubes was photographed at 1, 3, 6, 12, and 24 h after seed-

ing. Quantitative analysis of the mean number of tube-like 

structures from six randomly chosen areas in 3D culture was 

performed. Data were expressed as the mean ± SD from three 

independent experiments.

invasion assay
Cell invasion was detected by the Transwell assay. In brief, 

7×104 cells transfected with nonspecific siRNA or DEPTOR 

siRNA were suspended in serum-free medium and placed 

on the upper part of a Matrigel-coated invasion Transwell 

chamber (Corning Costar) and 20% FBS-medium was 

added in the lower chamber. After 20 h of incubation for 

MNNG/HOS cells and 48 h of incubation for MG63 cells, 

the noninvading cells were removed by wiping with a cotton 

swab. The invading cells were then fixed with 4% formal-

dehyde and stained with crystal violet. Five visual fields of 

each insert were randomly chosen, and the invading cells 

were counted under a light microscope.

Flow cytometry analysis
Apoptosis of OS cells was measured using Annexin 

V-fluorescein isothiocyanate/propidium iodide (Nanjing 

Keygen Biotech, Nanjing, China) double staining. After 

transfection for 48 h, the OS cells were harvested and 

washed twice with PBS. The cells were then stained with 

a commixture, including 200 μL of binding buffer, 5 μL 

of fluorescein isothiocyanate-conjugated Annexin V, and 

5 μL of propidium iodide and subjected to flow cytometry 

(BD FACSCalibur). For cell cycle analysis, the cells were 

processed with Cell Cycle and Apoptosis Analysis Kit 

(Beyotime Biotechnology Co. Ltd., Nantong, China) accord-

ing to the manufacturer’s specifications. Quantitation of cell 

cycle distribution was performed using Multi-cycle Software 

(ModFit software). The percentage of cells in G0, G1, S, and 

G2 phases was calculated.
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immunohistochemistry
Biopsy samples obtained from patients were fixed in 4% 

formalin and embedded in paraffin. Tissues were cut into 

5 μm thick sections, and immunohistochemistry staining 

was performed using the Vectastain ABC Kit (rabbit IgG; 

Vector Laboratories, Burlingame, CA, USA). The rabbit 

polyclonal antibody against DEPTOR (1:500) was purchased 

from Abcam (Cambridge, UK). Sections were developed 

with Diaminobenzidine (DAB) and counterstained with 

hematoxylin.

Western blot analysis
Total protein of tissue samples and cells was extracted 

by using radioimmunoprecipitation assay buffer (Sigma-

Aldrich). The protein concentration was determined by using 

the BCA Protein Assay Kit (Beyotime Biotechnology Co. 

Ltd). Equivalent amounts of protein were electrophoresed in 

sodium dodecyl sulfate-polyacrylamide gel and transferred 

onto polyvinylidene difluoride membranes (EMD Millipore, 

Billerica, MA, USA). The polyvinylidene difluoride mem-

branes were blocked with 5% nonfat milk in Tris Buffered 

Saline with Twee buffer for 1 h and incubated overnight at 

4°C with rabbit anti-DEPTOR polyclonal antibodies (1:2,000; 

Abcam), rabbit anti-PI3K polyclonal antibodies (1:500; 

Proteintech Group, Inc., Wuhan, China), rabbit anti-Akt 

monoclonal antibodies (1:1,000; Cell Signaling Technology, 

Danvers, MA, USA), rabbit anti-p-Akt monoclonal antibodies 

(Ser473, 1:1,000; Cell Signaling Technology), rabbit anti-

mTOR monoclonal antibodies (1:1,000; Cell Signaling 

Technology), rabbit anti-p-mTOR monoclonal antibodies 

(Ser2488, 1:1,000; Cell Signaling Technology), rabbit anti-

eIF-4E-binding protein (anti-4E-BP1 antibodies, 1:1,000; 

Cell Signaling Technology), rabbit anti-p-4E-BP1 antibodies 

(Thr37/46, 1:1,000; Cell Signaling Technology), and mouse 

anti-β-actin monoclonal antibodies (1:8,000; Tianjin Sungene 

Biotech, Tianjin, China). Signals were detected using Electro-

Chemi-Luminescence detection reagent (EMD Millipore) 

following the manufacturer’s instructions.

rna extraction and quantitative 
real-time polymerase chain reaction 
(qrT-Pcr) analysis
Total RNA was extracted from the tissue samples and cells 

using TRIzol (Thermo Fisher Scientific) according to the 

manufacturer’s instructions. The corresponding cDNA was 

synthesized by using the reverse transcriptional kit (TaKaRa 

Bio, Tokyo, Japan). The expression level of DEPTOR was 

quantified by qRT-PCR on the Step One Plus Real-Time PCR 

system (Thermo Fisher Scientific) using SYBR PrimeScript 

RT-PCR Kit (TaKaRa Bio). The following primers were used: 

DEPTOR, forward: 5′-TCTAGCCCAAACAGCGACA-3′ 
and reverse: 5′-ACTTGAATGCTTTAGAACCCC-3′; 
GAPDH, forward: 5′-ACTTGAATGCTTTAGAACCCC-3′ 
and reverse: 5′-GAGCCCCAGCCTTCTCCAT-3′. GAPDH 

was regarded as an internal control and the data were 

analyzed by the 2-ΔΔCt method.

statistical analysis
All experiments were repeated at least three times to ensure 

reproducibility. Results were presented as mean ± SD and 

analyzed by using the GraphPad Prism V.6.00 software 

(GraphPad Software, Inc., San Diego, CA, USA). Statistical 

analysis was performed by using the Student’s t-test or one-way 

analysis of variance. P,0.05 was considered significant.

Results
DePTOr is highly expressed in tissues 
from patients with Os and in Os cell 
lines
To exclude the possibility that DEPTOR overexpression was 

an artifact induced by in vitro culture propagation, five pairs 

of fresh OS tissues and adjacent normal tissues were used to 

detect DEPTOR expression levels by qRT-PCR. DEPTOR 

expression was higher (2-fold or more) in four out of five tumor 

specimens than in the adjacent normal tissues (Figure 1A). 

DEPTOR detection by immunohistochemistry further con-

firmed higher DEPTOR expression in OS tissues than in 

adjacent normal tissues (Figure 1B). Western blotting was 

also performed to analyze DEPTOR protein expression, which 

was strikingly increased in OS tissues compared with that in 

adjacent normal tissues (Figure 1C). These results indicate that 

DEPTOR may play an important role in the development and 

survival of OS. Then, DEPTOR expression was examined by 

qRT-PCR and Western blot in OS cell lines (MG63, U2OS, 

and MNNG/HOS) and a normal osteoblastic cell line, human 

normal osteoblast cells hFOB1.19 (Figure 1D). Among the 

three OS cells, DEPTOR expression was the highest in MG63 

cells and the lowest in U2OS cells. Thus, we used MG63 and 

MNNG/HOS in our following experiments.

To further explore the functional role of DEPTOR in 

OS, we used a synthetic siRNA to downregulate DEPTOR 

expression in MG63 and MNNG/HOS cells. This siRNA 

oligonucleotide (DEPTOR siRNA-1) was validated in other 

cell lines and it inhibits DEPTOR expression. The relative 

level of DEPTOR mRNA was decreased by ~80% in MG63 

and MNNG/HOS cells following transfection with DEPTOR 
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siRNA when compared with nonspecific siRNA (Figure 2A). 

Western blotting indicated that DEPTOR protein level 

was also downregulated when cells were transfected with 

DEPTOR siRNA (Figure 2B).

DePTOr knockdown decreases the 
proliferation of Os cells
Recent studies provided evidence of a decline in prolifera-

tion after DEPTOR siRNA transfection in some carcinomas. 

To examine the effects of DEPTOR knockdown on pro-

liferation, CCK-8 assays were performed on MG63 and 

MNNG/HOS cell lines for 1–5 days, respectively. Trans-

fection of DEPTOR siRNA dramatically inhibited MG63 

and MNNG/HOS proliferation in a time-dependent manner 

(Figure 2C and D). Subsequently, colony formation assay was 

performed to examine the anchorage-independent ability of 

MG63 and MNNG/HOS cells after DEPTOR siRNA trans-

fection. In comparison to the nonspecific siRNA-transfected 

cells, DEPTOR siRNA dramatically repressed colony forma-

tion after 12 days (Figure 3A and B). These findings strongly 

confirmed that DEPTOR is necessary for OS proliferation. 

Therefore, we hypothesized that DEPTOR could be involved 

in the regulation of OS cell migration.

DePTOr knockdown compromises the 
migratory capacity of Os cells
In order to test our hypothesis that DEPTOR regulates the 

migration of OS cells, wound healing assays, which provide 

Figure 1 Quantitative rT-Pcr, immunohistochemical staining, and Western blot analysis of DePTOr expression in osteosarcoma tissues, corresponding adjacent normal 
tissues, and cell lines.
Notes: (A) qrT-Pcr results of DePTOr expression in osteosarcoma tissues and adjacent normal tissues. results are presented as the fold change in tumor tissues relative 
to that in adjacent normal tissues within five pairs of cancer and adjacent tissues. (B) immunohistochemical staining of DePTOr expression in tumor samples and adjacent 
normal tissues. Original magnification: ×100 (upper images), ×400 (bottom images). (C) Western blot analysis of DePTOr expression in tumor tissues and adjacent normal 
tissues; the results were normalized to β-actin expression. (D) Protein and mrna expression of DePTOr in different osteosarcoma cell lines and normal osteoblasts. 
qrT-Pcr results are expressed as mean ± sD of three independent experiments. results are presented as the fold change in osteosarcoma cell lines relative to that in the 
osteoblastic cell line hFOB1.19 (**P,0.01, ***P,0.001).
Abbreviations: DePTOr, DeP-domain containing mTOr-interacting protein; qrT-Pcr, quantitative real-time polymerase chain reaction.
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Figure 2 The DEPTOR siRNA efficacy and influence of DEPTOR knockdown on the proliferation of OS cells.
Notes: (A) relative expression of DePTOr mrna in Mg63 and Mnng/hOs cells after transfection with nc sirna or DePTOr sirna for 24 h. results are presented 
as the fold change in DePTOr sirna transfected cells relative to that in nc sirna transfected cells. (B) Western blot analysis of DePTOr protein when transfected with 
DePTOr sirna or nc sirna in Mg63 and Mnng/hOs cells. (C, D) The proliferation of Mg63 (C) and Mnng/hOs (D) cells transfected with nc sirna or DePTOr 
sirna. Data are expressed as mean ± sD of three independent experiments (*P,0.05, **P,0.01, ***P,0.001 compared with nonspecific siRNA group).
Abbreviations: DEPTOR, DEP-domain containing mTOR-interacting protein; NC siRNA, nonspecific siRNA; OS, osteosarcoma.

β

β

Figure 3 colony formation capacity of osteosarcoma cells.
Notes: (A) representative images of crystal violet staining of Mnng/hOs and Mg63 cell colony formation assays. (B) colonies containing .50 cells were counted. 
Quantified results were expressed as a percentage to the NC siRNA group, setting at 100%. Data are expressed as mean ± sD of three independent experiments (**P,0.01 
compared with nc sirna group).
Abbreviation: NC siRNA, nonspecific siRNA.
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a visual indication of cell proliferative and migratory capac-

ities spatially, were used in vitro. The ability of OS cells 

to close a wound gap was decreased in DEPTOR knocked 

down cells, compared with a marked migration into the 

wound in DEPTOR overexpressing cell lines (Figure 4A 

and B). To further confirm these results, the Transwell 

assay was also performed. The results indicated that 

the number of migratory OS cells sharply decreased in 

DEPTOR knocked down cells (Figure 4C and D). The 

results demonstrated that inhibition of DEPTOR decreased 

the migratory capacity of OS cell lines MG63 and MNNG/

HOS in vitro.

DePTOr knockdown decreases the 
VM formation and invasion capacity of 
Os cells
VM is the formation of microvascular channels by malignant 

tumors. The presence of VM is considered an unfavorable 

prognostic factor in OS.23,24 To determine whether DEPTOR 

influences the formation of VM in OS cells, we conducted the 

tube formation assay. Our results demonstrated that DEPTOR 

knockdown dramatically decreased the number of tube-like 

structures in MNNG/HOS cells. Although MG63 cells had 

limited capacity of formation of vascular mimicry during 

our experimental period, we still observed inhibition of tube 

Figure 4 Influence of DEPTOR knockdown on the migratory capacity of osteosarcoma cells.
Notes: (A) Micrographs of wound healing assays for Mnng/hOs and Mg63 cells transfected with nc sirna or DePTOr sirna. images were obtained at 0, 24, and 
48 h, original magnification: ×100. (B) Percentage of wound closure. Data are expressed as mean ± sD of three independent experiments. (C) Micrographs of the Transwell 
migration assay in the MNNG/HOS and MG63 cells, original magnification: ×100. (D) number of migratory cells. Data are expressed as mean ± sD of three independent 
experiments (*P,0.05, **P,0.01, compared with nc sirna group).
Abbreviations: DEPTOR, DEP-domain containing mTOR-interacting protein; NC siRNA, nonspecific siRNA.
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formation in DEPTOR siRNA group (Figure 5A and B). 

Since DEPTOR knockdown could inhibit the migration and 

VM formation capacity of OS cells, we hypothesized that 

the invasion ability could also be decreased in DEPTOR 

knockdown cells. Accordingly, our experiment indicated that 

downregulation of DEPTOR markedly inhibited the invasion 

capacity of OS cell lines, MG63 and MNNG/HOS, in vitro 

(Figure 5C and D). Taken together, these data indicated that 

DEPTOR overexpression might contribute to the formation 

of VM and invasion in OS cells, leading to poor prognosis.

DePTOr knockdown induces cell cycle 
arrest and apoptosis in Os cells
mTORC1 signaling plays a key role in the regulation of 

cell growth and protein translation.25 To determine whether 

DEPTOR knockdown induced cell cycle arrest in OS cell 

lines, we performed a standard cell cycle assay by flow 

cytometry using MG63 and MNNG/HOS cells. DEPTOR 

knockdown promoted G0/G1 phase arrest in MG63 and 

MNNG/HOS cells. An increase of almost 20% of cells in the 

G0/G1 phase was detected for both cell lines. Meanwhile, 

DEPTOR knockdown led to a 14% and 16% decrease in the 

number of cells in the S phase, when compared with cells 

transfected with the nonspecific siRNA (Figure 6A and B). 

Altogether, these results suggest that DEPTOR knockdown 

prompts G0/G1 cell cycle arrest in OS cells. In addition, 

flow cytometry analysis of MG63 and MNNG/HOS cells 

also indicated that inhibition of DEPTOR caused an 

increase in the proportion of apoptotic cells in DEPTOR 

siRNA group in comparison with that in nonspecific siRNA 

Figure 5 effects of DePTOr knockdown on the VM formation and invasion capacity of osteosarcoma cells.
Notes: (A) Images of tube-like structures in MNNG/HOS and MG63 cells transfected with NC siRNA or DEPTOR siRNA, original magnification: ×100. (B) Mean number of 
tube-like structures in Mnng/hOs and Mg63 cells. Data are expressed as mean ± sD of three independent experiments. (C) Micrographs of the Transwell invasion assay in 
the MNNG/HOS and MG63 cells, original magnification: ×100. (D) number of invaded cells. Data are expressed as mean ± sD of three independent experiments (**P,0.01, 
***P,0.001 compared with nonspecifc sirna group).
Abbreviations: DEPTOR, DEP-domain containing mTOR-interacting protein; NC siRNA, nonspecific siRNA; VM, vasculogenic mimicry.
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group (Figure 6C and D). Hence, we hypothesized that the 

inhibition of OS cell proliferation may be a synergetic effect 

of cell cycle arrest and apoptosis.

DePTOr overexpression promotes the 
progression of Os by inhibiting mTOr 
and activating the Pi3K/akt pathway
DEPTOR regulates the activation of the PI3K/Akt pathway, 

which is responsible for other tumor suppressive functions.14 

To clarify whether DEPTOR knockdown exerts its antitumor 

effects through this mechanism in OS, we performed Western 

blot to analyze the expression of key proteins in the PI3K/

Akt/mTOR pathway, PI3K, Akt, p-Akt, mTOR, p-mTOR, 

4E-BP1, and p-4E-BP1. As an endogenous inhibitor of 

mTOR, the expression levels of mTOR, p-mTOR, 4E-BP1, 

and p-4E-BP1 were increased in DEPTOR knocked down 

cells, compared to that in control cells. Furthermore, DEPTOR 

knockdown reduced the expression levels of PI3K, Akt, 

Figure 6 DePTOr knockdown induced cell cycle arrest and apoptosis in osteosarcoma cells.
Notes: (A) Flow cytometric analysis of the percentage of cells transfected with nc sirna or DePTOr sirna in various phases of the cell cycle. (B) Flow cytometric analysis 
of the percentage of cells in different phases of the cell cycle with three independent experiments. (C) Flow cytometric analysis of apoptotic cells by annexin V-FiTc/Pi 
staining; in all four plots, the right upper and right lower quadrants show apoptotic cells. (D) The proportion of apoptotic cells in Mg63 and Mnng/hOs cells. Data are 
expressed as mean ± sD of three independent experiments (**P,0.01, ***P,0.001 compared with nonspecific siRNA group).
Abbreviations: DEPTOR, DEP-domain containing mTOR-interacting protein; FITC, fluorescein isothiocyanate; NC siRNA, nonspecific siRNA; PI, propidium iodide.
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Figure 7 DePTOr knockdown inhibits the progression of Os by regulating the Pi3K/aKT/mTOr pathway.
Note: after 48 h of transfection, the expression levels of Pi3K/aKT/mTOr pathway-related proteins, Pi3K, aKT, p-aKT, mTOr, p-mTOr, 4e-BP1, and p-4e-BP1, 
were determined by Western blot.
Abbreviations: DePTOr, DeP-domain containing mTOr-interacting protein; mTOr, mammalian target of rapamycin; Os, osteosarcoma.

β

and p-Akt to various degrees (Figure 7). These results indi-

cate that the PI3K/Akt/mTOR pathway might be involved 

in DEPTOR-mediated tumorigenesis in OS.

Discussion
OS is the most common primary malignant bone tumor 

characterized by early metastasis and chemoresistance, and 

survival rates of patients with OS have not improved in 

recent years. Therefore, novel target chemotherapy drugs 

are urgently needed.26 mTOR, a downstream mediator in 

the PI3K signaling pathway, is an evolutionarily conserved 

protein kinase, including two distinct multiprotein com-

plexes, mTORC1 and mTORC2, that regulate basic biologic 

processes and tumorigenesis.27–30 mTORC1 regulates cell 

growth through key regulators of protein synthesis, phos-

phorylating S6 kinase 1 and the 4E-BP1, whereas mTORC2 

modulates cell survival in response to growth factors by 

phosphorylating its downstream effectors, Akt/PKB and 

SGK1.31 Recently, many basic research studies and clinical 

trials focused on the aberrant activation of mTOR, which 

promotes proliferation and metastasis in human OS, resulting 

in the development of small synthetic inhibitors of the mTOR 

pathway.32–35 The detailed mechanism underlying the func-

tions of the mTOR pathway and related inhibitors in OS 

cells remains unclear.

DEPTOR is a 46 kDa mTOR-binding protein encoded by 

the DEPTOR gene located on the 8q24 region, which presents 

many single-nucleotide polymorphisms, and the genes 

involved in cancer susceptibility.36 As a natural inhibitor 

interacting with mTORC1 and mTORC2 complexes, the 

aberrant expression of DEPTOR induces cell growth, 

apoptosis, autophagy, and endoplasmic reticulum stress 

response.37–39 However, its functions have not been fully 

characterized. Especially, the biologic function of DEPTOR 

in tumorigenesis remains unclear, as DEPTOR could function 

as an oncogene or as a tumor suppressor depending on the 

specific type of tumor cells and environment.5 While there 

is a strong interest in the development of novel endogenous 

mTOR inhibitors such as DEPTOR in many other types of 

malignancy, little is known about the biologic functions and 

the mechanism underlying DEPTOR function in OS cells. 

Herein, we first report that DEPTOR expression is markedly 

higher in specimens from patients with OS and human OS cell 

lines, compared with adjacent benign tissues and osteoblast 

cells. In contrast with most solid cancers, in which DEPTOR 

expression is generally low, DEPTOR expression was high 

in OS tissues. These results are consistent with DEPTOR 

expression in some subtypes of breast cancer, prostate cancer, 

chronic myeloid leukemia, and MM.5,12,19,38,39 In one case, 

DEPTOR expression showed minor difference between the 

corresponding adjacent benign tissue and cancer tissue. In 

addition, DEPTOR mRNA and protein expression in one OS 

cell line, U2OS, was not as high as that observed in MG63 

and MNNG/HOS cells. These results are consistent with 
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previous studies reporting that DEPTOR could be overex-

pressed or downregulated in different tumors and even in the 

same tumor, DEPTOR could have various expression levels 

in different cell lines.5,40,41 In breast cancer, DEPTOR exerts 

a dual function. Downregulation of DEPTOR expression is 

essential for epithelial–mesenchymal transition and invasion, 

while upregulation of DEPTOR expression is fundamental for 

chemoresistant activities in metastatic lesions.40 These results 

show the complexity of DEPTOR regulation in different 

tissues and cell lines. MMs expressing high levels of DEP-

TOR are characterized by Ig gene translocation of c-MAF 

and MAFB transcription factors. c-MAF depletion induced a 

reduction in DEPTOR mRNA and protein expression in MM 

cells. High levels of DEPTOR expression maintain Akt acti-

vation and suppress phosphorylating S6 kinase 1 expression 

to relieve the feedback inhibition from mTORC1 in the PI3K 

pathway, whereas a reduction in DEPTOR expression causes 

cell apoptosis.5 This may explain the diversity in DEPTOR 

expression in different tissues and cell lines.

In this study, we elucidated the principal role of DEPTOR 

in OS carcinogenesis and the potential mechanism underlying 

DEPTOR function through DEPTOR knockdown. The level 

of DEPTOR silencing observed at the transcript level dose 

not parallel with the protein expression in MG63 cells. This 

may be due to the higher mRNA and protein expression in 

MG63 cells. DEPTOR knockdown strongly inhibited the 

proliferation of OS cells, according to the CCK-8 and colony 

formation assays in vitro. These results are consistent with 

Parvani et al’s findings that DEPTOR deficiency inhibits the 

growth of breast cancer cells.40 The growth of T-ALL cells 

is also slowed down by DEPTOR depletion. Moreover, Akt 

knockdown completely abrogates DEPTOR-induced cell 

proliferation.20

Migration and VM formation abilities are essential for 

OS initial metastasis and relapse.42 Invasion capacity also 

plays an important role in the progress of OS. Indeed, VM 

formation ability in OS is a poor prognostic factor.23 In our 

study, the migration and invasion ability of OS cells were 

greatly inhibited by DEPTOR knockdown, as shown by 

wound healing, Transwell migration, and Transwell invasion 

assays. DEPTOR depletion abolished VM formation ability, 

as shown by the tube formation assay. A similar trend was 

observed in patients with differentiated thyroid carcinoma 

and breast cancer. Pei et al demonstrated that DEPTOR 

upregulation was associated with lymph node invasion and 

distant metastasis.19 A previous study indicated that high level 

of DEPTOR expression was necessary for pulmonary metas-

tasis of triple-negative breast cancers and that re-expression 

of DEPTOR accelerates efficient outgrowth.40

Consequently, we assessed OS cell apoptosis and 

cell cycle by flow cytometry. DEPTOR downregulation 

induces cell cycle arrest after epithelial–mesenchymal 

transition in breast cancer at sites of metastasis.40 Increas-

ing evidence also supports that mTORC1 and mTORC2 

activation induces apoptosis in MM cell lines.43 Moreover, 

the absence of DEPTOR is sufficient to trigger caspase-

dependent apoptosis.44 Hu et al demonstrated that DEPTOR 

depletion produced dramatic apoptosis in HPB-ALL and 

MOLT4 cells because of higher levels of cleaved caspase-3 

and poly ADP-ribose polymerase, while it scarcely affected 

cell cycle arrest.20 Consistently, we found that DEPTOR 

silencing induced cell cycle arrest in the G0/G1 phase and 

affected apoptosis in OS cells. However, DEPTOR knock-

down inhibits Akt activation, which modulates the function 

of many substrates involved in cell growth and cell cycle 

progression.45,46 These results also agree with the Srinivas 

et al’s deduction, indicating that DEPTOR depletion leads to 

apoptotic decision in cervical squamous cell carcinoma.6

Functions of DEPTOR are mainly based on its interaction 

with the mTOR pathway. This study reveals that DEPTOR 

presents oncogenic properties in OS cells. Thus, we hypoth-

esized that DEPTOR overexpression promotes OS cell sur-

vival and progression by sustaining the PI3K/Akt pathway 

activation. Specifically, DEPTOR overexpression results in 

inhibiting mTORC1, relieving the mTORC1 feedback sup-

pression on the PI3K signaling pathway, thereby triggering 

Akt contemporarily. As expected, our results demonstrated 

that DEPTOR silencing upregulated 4E-BP1 and p-4E-BP1, 

which indicated the activation of mTORC1. Furthermore, the 

expression levels of Akt, p-Akt, and PI3K were reduced to 

various degrees. Especially, the decreased phosphorylation 

of Akt at S473 indicated the downregulation of mTORC2 

activity.5 DEPTOR behaves like an oncogene. Its overexpres-

sion indirectly activates Akt by inhibiting mTORC1; thus, 

DEPTOR downregulation leads to the inhibition of Akt and 

p-Akt, as well as OS cell death.5 Recent studies revealed that 

DEPTOR expression is under a tight regulation, involving 

diverse mechanisms, including transcriptional and posttran-

scriptional regulation, which may explain the controversial 

phenomena in different cell types and environments.39

Limitations
This study presents some limitations. Further studies are 

warranted to determine the diagnostic and prognostic value 

of DEPTOR in patients with OS, as we only collected 

five pairs of OS tissues and the corresponding adjacent 

benign tissues and no specific clinical survival data were 

collected. Future studies are warranted to understand the 
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mechanisms underlying DEPTOR regulation and to observe 

the therapeutic effect of DEPTOR depletion in combination 

with different drugs in different OS cell types and animal 

models as well as in clinical studies with a high number of 

clinical specimens, including the specimens from patients 

with OS who present with chemoresistance.

Conclusion
In conclusion, this is the first study investigating the vital 

function of DEPTOR in human OS. Our results indicate that 

DEPTOR overexpression is necessary for the proliferation, 

migration, invasion, and formation of VM and the survival 

of OS cells. In addition, DEPTOR knockdown notably acti-

vates mTOR and inhibits the PI3K/Akt pathway in OS cells. 

Our findings indicate that DEPTOR may be an innovative 

therapeutic target for OS.
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