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Abstract: Osteosarcoma is a malignant tumor in children and adolescents. Previous studies showed that ATG4A is 
an autophagy-related gene involved in cancers. In this study, we aimed to identify the biological role of ATG4A in 
osteosarcoma. The expression levels of ATG4A were analyzed in osteosarcoma tissues by using reverse transcrip-
tion-quantitative polymerase chain reaction (qRT-PCR) and western blotting. ATG4A was knocked-down or overex-
pressed in SAOS2 and HOS cell lines by transfection. Cell counting kit-8 (CCK-8) and clone formation assay were 
used to assess the effects of ATG4A on cell proliferation. Wound healing and Transwell assays were performed to 
evaluate the effects of ATG4A on cell migration and invasion, respectively. Epithelial-mesenchymal transition (EMT) 
markers and Notch signaling pathway targeting molecules were examined by western blotting. The results indicated 
that ATG4A was up-regulated in osteosarcoma tissues. In SAOS2 cells, knockdown of ATG4A inhibited the prolifera-
tion, migration and invasion, up-regulated the expression of E-cadherin and down-regulated the expression of vi-
mentin, Notch1 and Hes1. In HOS cells, overexpression of ATG4A promoted the proliferation, migration and invasion, 
up-regulated the expression of vimentin, Notch1 and Hes1 and down-regulated the expression of E-cadherin. In 
conclusion, these findings demonstrate that ATG4A is up-regulated in osteosarcoma tissues. In osteosarcoma cells, 
ATG4A promotes the EMT process partly by the Notch signaling pathway. These results suggest that ATG4A might 
represent a potential therapeutic target for patients with osteosarcoma.
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Introduction

As the most common malignant tumor of bone, 
osteosarcoma occurs predominantly in chil-
dren and adolescents [1]. Osteosarcoma 
derives from mesenchymal stem cells and 
could directly develop into the immature bone 
or osteoid tissue [2, 3]. It occurs mostly in the 
distal femur and proximal tibia region and 
metastasizes to the lung [3, 4]. With the 
advancements in treatment therapies, the 
prognosis of patients with localized osteosar-
coma was improved [5]. However, the therapeu-
tic effects are insufficient in patients with 
metastasis or recurrence, leading to a poor 
5-year survival rate [6]. The epithelial-mesen-
chymal transition (EMT) is a crucial process for 
the metastasis of cancer cells, thus investiga-
tion about the aberrant EMT process in osteo-

sarcoma is helpful to develop effective thera-
peutic strategies. 

ATG4A is a redox-regulated cysteine protease, 
which is well-known as an autophagy regulator. 
In the autophagic process, ATG4A removes the 
C-terminal arginine of ATG8 which allow the 
conjugation of ATG8 to phosphatidylethanol-
amine (PE), and then releases ATG8-PE to the 
autophagosomal membrane [7]. Besides the 
autophagy, several studies have reported the 
function of ATG4A in tumorigenesis, and the 
results indicated that ATG4A might contribute 
to the stem-like phenotype, drug resistance 
and tumor metastasis [8-10]. However, to our 
knowledge, no research has reported the role 
of ATG4A in osteosarcoma. In this study, we 
focused on determining the functional mecha-
nism of ATG4A in osteosarcoma.
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The present study detected the expression lev-
els of ATG4A in 22 pairs of osteosarcoma and 
matched non-tumor tissue. Furthermore, the 
effects of ATG4A on cell proliferation, migration 
and invasion were assessed. In addition, the 
EMT markers and the Notch signal pathway tar-
geting molecules were detected.

Materials and methods

Tissue samples

22 cases of osteosarcoma patient were recruit-
ed in this study from March 2012 to June 2016. 
The osteosarcoma patients were diagnosed by 
postoperative histopathological examination. 
This study was approved by the Ethical 
Committee of Nanjing Medical University 
Affiliated Wuxi Second Hospital and consent 
forms were obtained from all the patients. All 
the tissue samples were frozen in liquid nitro-
gen after resection.

Cell lines 

The osteosarcoma cell lines were purchased 
from Cell Bank of Chinese Academy of Sciences 
(Shanghai, China). SAOS2 cells were cultured in 
McCoy’s 5A Media (Invitrogen Life Technologies, 
Carlsbad, CA, USA) supplemented with 15% 
FBS (Invitrogen), and HOS cells were cultured in 
EMEM medium supplemented with 10% FBS 
(Invitrogen). All mediums contain 100 U/ml 
penicillin and streptomycin (Invitrogen). All the 
cells were incubated at 37°C with 5% CO2. 

qRT-PCR

Total RNA was isolated using TRIzol reagent 
(Thermo Fisher Scientific, Waltham, MA, USA), 
and reversed-transcripted using a reverse-tran-
scription kit SYBR Premix Ex Taq II (Takara Bio, 
Inc., Otsu, Japan) according to the manufactur-
er’s instructions. The PCR reaction was per-
formed on an ABI 7500 system (Applied Bio- 
systems; Thermo Fisher Scientific, Inc, Walth- 
am, MA, USA). β-actin was used as an internal 
control. The primer sequences were: ATG4A 
sense, 5’-TTGGCCCAGGATGACAGCTG-3’, anti-
sense, 5’-AGGGCCCGTTCCACCAATTG-3’; β-ac- 
tin sense, 5’-TGGATGATGATGATATCGCC-3’, anti-
sense, 5’-GTGATGACCTGGCCGTCAGG-3’. Am- 
plification was performed as follows: initiation 
at 94°C for 30 s, amplification for 32 cycles 
with 95°C for 5 s, 62°C for 30 s, 72°C for 30 s.

Western blotting 

Cells and tissues were lysed in radioimmuno-
precipitation assay (RIPA) lysis buffer (Beyotime 
Institute of Biotechnology, Shanghai, China) for 
5 min on ice. Supernatant containing proteins 
was isolated by centrifuging on 1, 2000 g for 5 
min at 4°C. The protein quantification was 
determined using the BCA method (BCA Protein 
Assay Kit, Beyotime Institute of Biotechnology). 
Equal amount of proteins were separated on 
10% SDS-PAGE and target proteins were trans-
ferred to PVDF membranes. After blocking in 
non-fat milk for 1 h, the membranes were incu-
bated in the primary antibodies of β-actin 
(A5441, mouse monoclonal, 1:8,000, Sigma-
Aldrich, St. Louis, MO, USA), ATG4A (ab108322, 
Rabbit monoclonal, 1:500, Abcam, Cambridge, 
UK), E-cadherin (#14472; mouse monoclonal, 
1:500, Cell Signaling Technology, Inc., Beverly, 
MA, USA), vimentin (#3390, mouse monoclo-
nal, 1:500, Cell Signaling Technology, Inc.), 
Notch1 (ABS90, rabbit polyclonal, 1:500, EMD 
Millipore, Billerica, MA, USA), Hes1 (#11988, 
rabbit monoclonal, Cell Signaling Technology, 
Inc.) overnight. After being washed in TBST, the 
membranes were incubated in secondary anti-
bodies (#BA1054, goat anti-rabbit and 
#BA1051, goat anti-mouse 1:10,000; Wuhan 
Boster Biological Technology, Ltd.) for 2 h. After 
washing with TBST, protein bands were detect-
ed by using BeyoECL Plus kit (Beyotime Institute 
of Biotechnology).

Cell transfection 

ATG4A small interfering (si)RNA/negative con-
trol (NC) and pcDNA3.1-ATG4A vector/empty 
vector were purchased from Genepharma 
(Shanghai, China). The ATG4A siRNA sequence 
was 5’-CCCGGAAAGAAATAGAACAAT-3’. The NC 
sequence was 5’-CCTCCAGGTCTATTCGACTTA- 
AGCA-3’. Cells were transfected using Lipofe- 
ctamine® 2000 (Invitrogen). The concentration 
of siRNA/NC was 50 nM, plasmid was 2 μg. The 
medium was replaced with fresh medium con-
taining 10% FBS without antibiotics 6 h post-
transfection. For the stable transfection of 
pcDNA3.1-ATG4A vector, cells were cultured in 
selected medium containing 400 μg/ml G418 
(Invivogen) for 14 days.

Cell proliferation assay

Cell proliferation was measured by cell count-
ing kit-8 (CCK-8, Dojindo Molecular Technolo- 
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gies, Kumamoto, Japan) after transfection. 
Cells were seeded in triplicate into the 96-well 
plate at a density of 3×103 cells per well. At dif-
ferent time-points (24, 48 and 72 h), the OD 
value was measured on a microplate reader 
(iMark; Bio-Rad Laboratories, Inc., Hercules, 
CA, USA) at 450 nm after 2 h incubation with 
CCK-8.

Clone formation assay

500 cells were seeded into the 6-well plate 
after transfection, and the medium was 
replaced every 4 days. Cells were cultured for 
12-14 days and stained with 0.3% crystal violet 
(Beyotime Institute of Biotechnology) for 30 
min. Numbers of cell colony were counted and 
captured using a Nikon camera (Nikon, Tokyo, 
Japan). 

Wound healing assay 

Cells at 3×105 per well were planted into six-
well plate (Corning). A scratch wound was made 
by a 20 μl pipette tip on the confluent cell 
monolayer after serum starvation for 24 h. The 
images were captured at 0 and 48 h under an 
inverted microscope (Nikon).

Transwell assay

Cells were starved for 8 h, trypsinized and sus-
pended in serum-free medium. 100 μl cell sus-
pension (3×105 cells) was added into the upper 
chamber which was pre-coated with matrigel 
(BD Biosciences, San Jose, CA, USA), and 600 
μl RPMI-1640 medium containing 10% FBS 
was added into the lower well and. After incuba-

tion for 48 h, invaded cells to the lower surface 
were fixed with methanol and stained with 0.3% 
crystal violet (Beyotime Institute of Biotech- 
nology) for 30 min. Cells were counted and cap-
tured under a microscope (Nikon, magnification 
200×).

Statistical analysis

Statistical analysis was performed with SPSS 
Statistics 17 (SPSS Inc., Armonk, NY, USA). 
Numerical data are presented as the mean ± 
standard deviation (SD) from at least three 
independent experiments. Student’s t test was 
used to calculate the compare the results. 
P<0.05 was considered statistically significant. 

Results

The expression level of ATG4A in osteosar-
coma tissues

To elucidate the role of ATG4A in osteosarcoma, 
we analyzed the ATG4A expression levels in 22 
pair of osteosarcoma tissues by qRT-PCR and 
western blotting. The results indicated that 
both the mRNA (Figure 1A) and protein (Figure 
1B and 1C) levels of ATG4A in osteosarcoma 
tissues were much higher than that in matched 
non-tumor tissues, and the up-regulation of 
ATG4A was 68.18% (15/22). The results sug-
gested that ATG4A might be an onco-protein in 
osteosarcoma. 

Effects of ATG4A on proliferation of osteosar-
coma cells

To determine the effects of ATG4A on osteosar-
coma, ATG4A was knocked-down or over-ex- 

Figure 1. ATG4A is up-regulated in osteosarcoma tissues. A. The mRNA expression levels of ATG4A in 22 pairs of os-
teosarcoma tissues. B. Scatter plots of ATG4A protein expression in osteosarcoma tissues and matched non-tumor 
tissues. C. The protein expression levels of ATG4A in 4 pairs of representative osteosarcoma tissues. *P<0.05. T, 
Tumor tissues; N, adjacent non-tumor tissues.
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pressed in osteosarcoma cells. SAOS2 cells 
transfected with ATG4A siRNA and negative 
control were termed SAOS-siATG4A and 
SAOS2-NC, respectively. Similarly, HOS cells 
transfected with ATG4A vector and negative 
control were termed HOS-ovATG4A and 
HOS-NC, respectively. The transfection efficacy 
was measured by qRT-PCR and western blot-
ting analysis (Figure 2A). Then we investigated 
the role of ATG4A in cell proliferation. CCK-8 
assay indicated that knockdown of ATG4A in 
SAOS2 cells inhibited the growth rates as com-
pared with control cells, while overexpression 
of ATG4A in HOS cells promoted the growth 

rates as compared with control cells (Figure 2B 
and 2C). Additionally, to detect the long-term 
effects of ATG4A on cell proliferation, colony 
formation assay was further performed. The 
results showed that ATG4A down-regulation by 
its inhibitor reduced the number of formed col-
onies, adverse results were observed in ATG4A 
up-regulation cells (Figure 2D and 2E).

ATG4A regulates the migration and invasion 
processes of osteosarcoma cells

The effects of ATG4A on osteosarcoma cell 
migration and invasion were investigated. In 

Figure 2. Effects of ATG4A on osteosarcoma cell proliferation. (A) The mRNA and protein level of ATG4A after knock-
down and overexpression in SAOS2 and HOS cell lines. Knockdown of ATG4A inhibited SAOS2 cell proliferation (B) 
and clone formation ability (D). Overexpression of ATG4A promotes HOS cell proliferation (C) and clone formation 
ability (E). *P<0.05. NC, negative control.
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the wound healing assay, down-regulation of 
ATG4A slowed the wound closure rate of SAOS2 
cells, while ectopic expression of ATG4A accel-
erated the wound closure rate in HOS cells 
(Figure 3A and 3B). In the transwell assay, the 
invasive activity of SAOS2-siATG4A cells was 
reduced compared to SAOS2-NC cells (Figure 
3C). On the contrary, HOS-ovATG4A cells exhib-
ited an enhanced invasive ability (Figure 3D).

ATG4A regulated the EMT process of osteosar-
coma cell partially through the Notch signaling 
pathway

Having shown that ATG4A induce behavior 
changes of osteosarcoma cell, so we further 
investigate whether ATG4A participate the  
EMT process. The expression of EMT markers 
E-cadherin and vimentin were detected. Com- 

Figure 3. Effects of ATG4A on osteosarcoma cell migration and invasion. Knockdown of ATG4A inhibited SAOS2 cell 
migration (A) and invasion (C) ability. Overexpression of ATG4A promotes HOS cell migration (B) and invasion (D). 
NC, negative control.

Figure 4. Overexpression of ATG4A regulated the EMT process of osteosarcoma cell partially through the Notch 
signaling pathway. (A) The protein level of E-cadherin, vimentin Notch1 and Hes1 in osteosarcoma cell lines with 
knocked down and overexpressed ATG4A. Treatment of DAPT on ATG4A over-expressed HOS cell inhibited cell migra-
tion (B) and invasion (C).
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pared with SAOS2-NC cell, the level of 
E-cadherin was increased and vimentin was 
decreased in SAOS2-siATG4A cell. In HOS cells, 
overexpressed ATG4A down-regulated the 
expression of E-cadherin and up-regulated 
vimentin (Figure 4A). Previous study has 
revealed that ATG4A regulates EMT of gastric 
cancer cells via the Notch signaling pathway 
[11], so we examined the expression of Notch1 
and Hes1. The results showed Notch1 and 
Hes1 were down-regulated in ATG4A-silencing 
SAOS2 cells and up-regulated in ATG4A-
overexpressing HOS cells (Figure 4A). Next, 
HOS-ovATG4A cells were treated with DAPT (the 
Notch signaling inhibitor) or saline for 24 h and 
subjected to migration and invasion assays. 
The data indicated DAPT treatment inhibited 
the migration and invasion of HOS-ovATG4A 
cells (Figure 4B and 4C).

Discussion

Tumor metastasis is a major cause of cancer-
related death, while EMT is a critical process in 
metastasis [12, 13]. During the EMT process, 
epithelial cells undergo multiple biochemical 
changes to acquire mesenchymal cells pheno-
type and gene expression patterns [14]. After 
that, cancer cells gain increased mobility and 
invasiveness, and could detach from the base-
ment membrane, migrate and invade to sur-
rounding tissues [15]. A number of molecules 
and pathways have engaged in the EMT pro-
cess, such as the transcription factors Snail 
and Slug, the ERK/MAPK and PI3K/Akt path-
ways [16-18]. In this study, we analyzed the role 
and mechanism of ATG4A in the EMT process of 
osteosarcoma cell lines.

ATG4A is an isoform of ATG4, which has been 
shown to play a key role in autophagy. Aberrant 
autophagy process has been reported to con-
tribute to cancer progression [19]. In ovarian 
cancer patients, hypomethylated ATG4A corre-
lated with clinical stage and poor progression-
free survival. While in ovarian cancer cells, high 
expression of ATG4A increased the stem prop-
erties, and promoted cisplatin resistance, cell 
migration and anchorage-independent growth 
[20]. In gastric cancer, ATG4A was up-regulated 
in tumor tissues, and promoted gastric cancer 
cell stem-like properties and the EMT [9]. 
Banzhou Pan et al found down-regulation of 
ATG4A by the target miR-24-3p suppressed 

autophagy in small-cell lung cancer cells and 
allow cells to be re-sensitized to VP16-DDP [8]. 
In breast cancer cells, ATG4A regulates the 
stem-cell phenotype and tumourigenicity [10].

In the current study, we analyzed the function 
of ATG4A in osteosarcoma, and found ATG4A 
was up-regulated in osteosarcoma tissues. The 
results suggested that ATG4A participated in 
the tumorigenesis of osteosarcoma. However, 
given the small sample size, we will collect 
more samples to verify the present results. 
Then, we investigated the biological function of 
ATG4A in osteosarcoma cell lines. ATG4A was 
knockdown or overexpressed in osteosarcoma 
cell lines, and we found knockdown of ATG4A 
inhibited osteosarcoma cell proliferation, clone 
formation, migration and invasion. On the con-
trary, overexpression of ATG4A promoted osteo-
sarcoma cell proliferation, clone formation, 
migration and invasion. Since ATG4A promoted 
the aggressive behavior of osteosarcoma cells, 
we examined the EMT markers to investigate 
whether ATG4A participate in regulating the 
EMT process. E-cadherin is the epithelial cell 
marker and vimentin is the mesenchymal cell 
marker. We found E-cadherin was up-regulated 
after silencing of ATG4A and down-regulated 
after overexpressing of ATG4A. By comparison, 
vimentin was decreased following transfection 
with the ATG4A siRNAs and increased following 
transfection with the ATG4A expression vector. 
These data confirmed that ATG4A participated 
in the EMT process. Numerous studies have 
reported that the Notch signaling pathway plays 
a significant role in tumor metastasis [21, 22]. 
The present data showed that ATG4A knock-
down inhibited the expression of Notch1 and 
Hes-1, and ATG4A overexpression promoted 
the expression of Notch1 and Hes-1. Further 
research demonstrated that Notch signaling 
inhibitor DAPT abrogated ATG4A-induced cell 
migration and invasion. Notch1 has been 
reported to repress E-cadherin expression and 
up-regulate Snail and Slug expression, so we 
presumed that ATG4A regulates the EMT pro-
cess of osteosarcoma cells partly though Notch 
signaling pathway.

In conclusion, we demonstrated that ATG4A is 
up-regulated in osteosarcoma tissues. ATG4A 
promotes the EMT process of osteosarcoma 
cells partly though Notch signaling pathway.
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