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Abstract. Osteosarcoma is a primary bone tumor that mainly 
occurs in children and adolescents. Absent in melanoma 
2 (AIM2) has been demonstrated to be involved in regulating 
the occurrence and development of cancer, exerting oncogenic 
and pro‑cancer effects; however, its role in osteosarcoma is 
poorly understood. The present study aimed to explore the 
function and molecular mechanism of AIM2 in the progression 
of osteosarcoma. In the present study, AIM2 expression was 
predicted using the Cancer Cell Line Encyclopedia database 
and examined in several osteosarcoma cell lines using reverse 
transcription‑quantitative PCR and western blotting. Following 
AIM2 overexpression, cell proliferation and apoptosis were 
examined using Cell Counting Kit‑8, colony formation and 
TUNEL staining assays. The expression levels of proteins 
related to apoptosis, epithelial‑mesenchymal transition (EMT) 
and the PI3K/AKT/mTOR signaling pathway were determined 
by western blotting. Additionally, cell invasion and migration 
were assessed using Transwell and wound healing assays. After 
addition of the PI3K/AKT/mTOR signaling pathway inhibitor 
LY294002 or activator 740Y‑P, cell function analysis was 
performed. The results demonstrated that AIM2 was expressed 
at low levels in osteosarcoma cell lines. AIM2 overexpres‑
sion inhibited proliferation, invasion, migration and EMT, 

and promoted apoptosis in osteosarcoma cells. Furthermore, 
the levels of phosphorylated (p)‑PI3K, p‑AKT and p‑mTOR 
were markedly downregulated following AIM2 overexpres‑
sion. Furthermore, LY294002 treatment had the same effects 
as AIM2 upregulation on osteosarcoma cell proliferation, 
apoptosis, invasion, migration and EMT. By contrast, 740Y‑P 
reversed the effects of AIM2 overexpression on the behavior 
of osteosarcoma cells. Overall, the findings of the present 
study demonstrated that AIM2 may inhibit the progression of 
osteosarcoma by inactivating the PI3K/AKT/mTOR signaling 
pathway, and suggested that AIM2 may be a promising marker 
for the treatment of osteosarcoma.

Introduction

Osteosarcoma is a malignant tumor caused by osteoblastic 
mesenchymal cells, mostly occurring in children and young 
adults (1). The primary site of growth of osteosarcoma is the 
epiphyseal region of long bones (2). Although novel technologies 
have enabled early diagnosis of osteosarcoma, and improve‑
ments in surgery and chemotherapy have increased the 5‑year 
survival rate for osteosarcoma from <20% to 65‑75% (3), the 
local recurrence rate is ~10%, and the survival rate of patients 
with metastases or relapses is only 10% (4). Currently, tumor 
metastasis is the primary issue in osteosarcoma treatment (5). 
Since 80% of patients with osteosarcoma already exhibit signs 
of metastasis or micro‑metastasis at the time of diagnosis, 
almost all patients undergo multiagent chemotherapy in addi‑
tion to surgical treatment (6). Accordingly, understanding 
the mechanisms of tumor development and finding reliable 
biomarkers and therapeutic targets is crucial for the treatment 
of osteosarcoma.

Absent in melanoma 2 (AIM2) is a cytosolic innate 
immune receptor with the ability to recognize double‑stranded 
DNA (dsDNA) (7). AIM2 not only promotes the development 
of sterile inflammatory diseases, such as chronic kidney 
disease (8) and cardiovascular diseases (9), but also partici‑
pates in regulating the occurrence and development of certain 
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cancers, serving a dual role of cancer inhibition and promo‑
tion. For instance, data from several studies suggest that AIM2 
expression is reduced in malignant tumors, such as colon 
cancer (10), liver cancer (11), prostate cancer (12) and breast 
cancer (13), thereby promoting tumorigenesis and affecting 
patient prognosis. Conversely, it has previously been observed 
that AIM2 expression is upregulated in oral squamous carci‑
noma (14), squamous carcinoma (15) and lung cancer (16). 
These studies also revealed that knockdown of AIM2 inhibits 
tumor cell proliferation, promotes apoptosis and reduces cell 
migration, indicating that AIM2 functions as an oncogene in 
oral squamous carcinoma (14), squamous carcinoma (15) and 
lung cancer (16). However, little attention has been paid to 
the role served by AIM2 in osteosarcoma and its molecular 
mechanisms.

The PI3K/AKT/mTOR signaling pathway has been 
demonstrated to be one of the most common abnormalities in 
the metastatic behavior of osteosarcoma, as activation of this 
signaling pathway speeds up cell metastasis and is associated 
with adverse prognosis in osteosarcoma (17). A previous study 
revealed that AIM2 can regulate the development of colorectal 
cancer via the PI3K/AKT signaling pathway (18), which has 
later been demonstrated to play a key role in the progression 
of osteosarcoma (19). Furthermore, evidence has suggested 
that AIM2 expression deficiency promotes hepatocellular 
carcinoma progression by activating the mTOR‑ribosomal 
protein S6 kinase B1 signaling pathway (11). Therefore, it 
was hypothesized that AIM2 may regulate the development 
of osteosarcoma via the PI3K/AKT/mTOR signaling pathway.

In the present study, the expression levels of AIM2 in 
several osteosarcoma cell lines were examined. Subsequently, 
the effects of AIM2 overexpression on the proliferation, 
apoptosis, invasion, migration and epithelial‑mesenchymal 
transition (EMT) of osteosarcoma cells, as well as potential 
mechanisms related to the PI3K/AKT/mTOR signaling 
pathway, were explored.

Materials and methods

Cell culture and transfection. hFOB1.19 human osteoblast 
cells were obtained from American Type Culture Collection 
and cultured in DMEM/F12 (Invitrogen; Thermo Fisher 
Scientific, Inc.) supplemented with 10% FBS (Sangon Biotech 
Co., Ltd.) and 1% penicillin‑streptomycin. C396, CAL‑72 
and MG‑63 osteosarcoma cell lines were purchased from 
The Cell Bank of Type Culture Collection of The Chinese 
Academy of Sciences, and cultured in DMEM supplemented 
with 10% FBS and 1% penicillin‑streptomycin. All cells were 
cultured at 37˚C in a suitable incubator containing 95% air and 
5% CO2. MG‑63 cells were treated with PI3K/AKT/mTOR 
signaling pathway inhibitor LY294002 (20 µM; cat. no. A8250; 
APExBIO Technology LLC) or activator 740Y‑P (20 µM; 
cat. no. BCP16353; Shanghai BioChemPartner Co., Ltd.) 
at 24 h post‑transfection for 48 h at 37˚C.

For transfection, AIM2 overexpression plasmid 
(Oe‑AIM2) and the empty vector plasmid (Oe‑NC) were 
purchased from Sangon Biotech Co., Ltd., by utilizing 
pcDNA3.1 vector containing the full‑length AIM2 cDNA 
sequence. Subsequently, these plasmids were transfected into 
MG‑63 cells using Lipofectamine® 2000 transfection reagent 

(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. After 48 h of transfection, cells 
were collected and the transfection efficiency was assessed 
via reverse transcription‑quantitative PCR (RT‑qPCR) and 
western blotting, and subsequent experiments were performed.

RT‑qPCR assay. Extraction of total RNA from cells was 
performed using TRIzol® reagent (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's instructions. The cDNA 
template in the reverse transcription reaction was generated 
using a QuantiTect Reverse Transcription Kit provided by 
Qiagen China Co., Ltd., according to the manufacturer's proto‑
cols. The gene expression levels were analyzed via qPCR, 
which was conducted using iTaq™ Universal One‑Step iTaq™ 
Universal SYBR®‑Green Supermix (Bio‑Rad Laboratories, 
Inc.) on an ABI 7500 instrument (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). The following primer sequences were 
used for qPCR: AIM2 forward, 5'‑TGG CAA AAC GTC TTC 
AGG AGG‑3' and reverse, 5'‑AGC TTG ACT TAG TGG CTT 
TGG‑3'; GAPDH forward, 5'‑GGA GCG AGA TCC CTC CAA 
AAT‑3' and reverse, 5'‑GGC TGT TGT CAT ACT TCT CAT 
GG‑3'. The quantification of relative gene expression was 
performed using the 2‑ΔΔCq method (20). GAPDH was used as 
an internal control for normalization.

Western blotting. Cell lysis was performed on ice using 
RIPA buffer (Beyotime Institute of Biotechnology) to obtain 
proteins. The protein concentration was measured using a 
BCA protein assay kit (GlpBio Technology, Inc.). The separa‑
tion of proteins (30 µg per lane) was accomplished using 10% 
SDS‑PAGE. Subsequently, the separated proteins were trans‑
ferred onto polyvinylidene fluoride membranes. After 1 h of 
blocking with 5% skimmed milk at 37˚C, the membranes and 
primary antibodies were incubated together at 4˚C overnight. 
After three washes, the membranes were incubated with a 
horseradish peroxidase‑linked secondary antibody (1:3,000; 
cat. no. 7074P2; Cell Signaling Technology, Inc.) at room 
temperature. Pierce™ enhanced chemiluminescence western 
blotting substrate (Pierce; Thermo Fisher Scientific, Inc.) 
was used for visualization, according to the manufacturer's 
instructions, and ImageJ software (v6; National Institutes of 
Health) was used to analyze the protein bands. Parallel blot‑
ting of GAPDH was used as the internal control. Anti‑AIM2 
(1:1,000; cat. no. 12948S), anti‑Bax (1:1,000; cat. no. 5023T), 
anti‑Bcl‑2 (1:1,000; cat. no. 3498T), anti‑cleaved 
caspase‑3 (1:1,000; cat. no. 9664T), caspase‑3 (1:1,000; 
cat. no. 14220T), anti‑N‑cadherin (1:1,000; cat. no. 13116T), 
anti‑Vimentin (1:1,000; cat. no. 5741T), anti‑E‑cadherin 
(1:1,000; cat. no. 3195T), anti‑phosphorylated (p)‑AKT 
(1:1,000; cat. no. 4060T), anti‑AKT (1:1,000; cat. no. 4691T), 
anti‑p‑mTOR (1:1,000; cat. no. 5536T), anti‑mTOR (1:1,000; 
cat. no. 2983T) and anti‑GAPDH (1:1,000; cat. no. 5174T) 
antibodies were provided by Cell Signaling Technology, 
Inc. Anti‑p‑PI3K (1:1,000; cat. no. ab278545) and anti‑PI3K 
(1:1,000; cat. no. ab32089) antibodies were obtained from 
Abcam.

Cell Counting Kit‑8 (CCK‑8) assay. For the cell viability 
assay, MG‑63 cells were plated into 96‑well plates and 
cultured at 37˚C for 24 h. Subsequently, 10 µl CCK‑8 solution 
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(MedChemExpress) was loaded into each well and the cells 
were incubated for 3 h at 37˚C. Optical density was measured 
using a microplate reader at a wavelength of 450 nm. Each 
group of experiments was repeated three times.

Colony formation assay. For the detection of colony forma‑
tion, MG‑63 cells in the logarithmic growth phase were 
cultured and made into cell suspensions under specified condi‑
tions. The cell suspensions were diluted and inoculated into 
60‑mm diameter culture dishes at a density of 500 cells per 
dish, which were gently shaken in a cross direction to ensure 
the cells were dispersed evenly. The culture dishes were placed 
at 37˚C in a 5% CO2 environment for 2 weeks. Then, the 
culture was terminated and the culture medium was discarded. 
After washing with PBS twice, cells were fixed with methanol 
at room temperature for 15 min and stained with crystal violet 
(Beijing Solarbio Science & Technology Co., Ltd.) staining 
solution at room temperature for 10 min. The staining solu‑
tion was subsequently washed away. Finally, each colony of 
>30 cells was counted using a dissection microscope.

Detection of apoptosis. The apoptosis of MG‑63 cells was 
assessed using a TUNEL assay (Beyotime Institute of 
Biotechnology) according to the manufacturer's instructions. 
After 24 h of cell culture, transfected cells were fixed with 1% 
paraformaldehyde at room temperature for 15 min and 50 µl 
TUNEL was used to incubate cells for 1 h at 37˚C, followed 
by staining of nuclear DNA with 10 µg/ml DAPI at 37˚C for 
2‑3 min and mounted in an anti‑fade reagent (Beijing Solarbio 
Science & Technology Co., Ltd.). The cells were analyzed 
from three fields of view using a fluorescence microscope 
(magnification, x200; Olympus Corporation).

Transwell assay. The upper surface of the Transwell chamber 
was coated with Matrigel and incubated at 37˚C for 30 min. 
Subsequently, 3x104 MG‑63 cells in 200 µl serum‑free 
medium were seeded onto the upper surface of the chamber. 
A total of 600 µl medium containing 10% FBS was added to 
the lower chamber. After incubation at room temperature for 
24 h, cells were fixed with 4% paraformaldehyde for 20 min 
at 4˚C and stained with 0.1% crystal violet solution (Beijing 
Solarbio Science & Technology Co., Ltd.) for 5 min at room 
temperature. Finally, these cells were observed under an 
inverted microscope. Invasive cells were counted in three 
random areas under a light microscope (magnification, x100; 
Olympus Corporation).

Wound healing assay. For the evaluation of cell migration, 
MG‑63 cells (4x105 cells/well) were seeded into six‑well 
plates and cultured for 48 h. A 20‑µl pipette tip was utilized 
to create a straight scratch and the medium was replaced with 
serum‑free DMEM. After two washes with PBS, the wound 
was observed at 0 and 24 h. The microscopy images of the cells 
were captured using a light microscope (magnification, x100; 
Olympus Corporation). The cell migration rate was calculated 
using the following equation: (Initial width at 0 h‑final width 
at 24 h)/Initial width at 0 h.

Statistical analysis. Experimental data are presented as the 
mean ± SD from three independent experiments and were 

analyzed using GraphPad Prism 8.0 software (GraphPad 
Software, Inc.). The normality of the data was analyzed using 
the Shapiro‑Wilk test. One‑way ANOVA followed by Tukey's 
post hoc test and unpaired t‑tests were used for comparisons 
among multiple groups and between two groups, respectively. 
P<0.05 was considered to indicate a statistically significant 
difference.

Bioinformatics tools. Cancer Cell Line Encyclopedia (CCLE) 
database (https://depmap.org/portal/download/?release=CCLE+
2019&release=Fusion&release=DNA+Copy+Number; dataset: 
‘CCLE_Expression.Arrays_2013‑03‑18.tar.gz’) was applied to 
investigate AIM2 expression in osteosarcoma.

Results

AIM2 is expressed at low levels in osteosarcoma cell lines. 
The CCLE database, RT‑qPCR and western blotting were used 
to gain a deeper insight into AIM2 expression in osteosarcoma 
cell lines. As shown in Fig. 1A, AIM2 was expressed at low 
levels in osteosarcoma cell lines, according to the CCLE data‑
base. The results in Fig. 1B and C indicated that both mRNA 
and protein expression levels of AIM2 were significantly 
decreased in C396, CAL‑72 and MG‑63 cells compared with 
hFOB1.19 cells. Among these, MG‑63 cells were selected for 
the subsequent experiments due to their low expression levels 
of AIM2. Overall, the results suggested that AIM2 expression 
was downregulated in osteosarcoma cells.

Overexpression of AIM2 inhibits cell proliferation and 
promotes apoptosis in osteosarcoma. To gain a detailed 
understanding of the effect of AIM2 on cell proliferation and 
apoptosis in osteosarcoma, MG‑63 cells were transfected 
with an AIM2 overexpression plasmid, followed by a series 
of experiments. First, data from RT‑qPCR and western blot‑
ting indicated a significant increase in AIM2 expression in 
the overexpression group (Fig. 2A and B) compared with the 
empty vector group. AIM2 overexpression significantly inhib‑
ited the proliferation of osteosarcoma cells according to the 
CCK‑8 and colony formation assays (Fig. 2C and D). As shown 
in Fig. 2E, AIM2 upregulation led to an increase in the number 
of apoptotic cells compared with the empty vector group. As 
indicated in Fig. 2F, the results revealed elevated expression 
levels of apoptosis‑related proteins Bax and cleaved caspase‑3, 
as well as decreased expression levels of Bcl‑2, following 
AIM2 overexpression. In summary, AIM2 overexpression 
effectively suppressed proliferation and promoted apoptosis in 
osteosarcoma cells.

Overexpression of AIM2 suppresses the invasion, migration 
and EMT of osteosarcoma cells. To explore the effect of AIM2 
overexpression on the invasion, migration and EMT of osteo‑
sarcoma cells, Transwell, wound healing and western blotting 
assays were performed. After AIM2 was overexpressed, a 
significant decrease in cell invasion compared with the Oe‑NC 
group was observed (Fig. 3A). The results in Fig. 3B also 
revealed a significant decrease in the migration of MG‑63 
cells. Additionally, the results in Fig. 3C revealed a significant 
decrease in the expression levels of the EMT‑related proteins 
N‑cadherin and vimentin, but an increase in the expression 
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levels of E‑cadherin, indicating that the EMT process was 
inhibited following AIM2 overexpression. These data suggested 
that AIM2 overexpression exerted an inhibitory effect on the 
invasion, migration and EMT of osteosarcoma cells.

AIM2 overexpression suppresses the PI3K/AKT/mTOR 
signaling pathway in osteosarcoma cells. The present study 
subsequently examined if AIM2 overexpression affected the 
PI3K/AKT/mTOR signaling pathway following treatment with 
the inhibitor LY294002 or the activator 740Y‑P. Decreased 
protein levels of p‑P13K, p‑AKT and p‑mTOR relative to 
PI3K, AKT and mTOR were observed in the Oe‑AIM2 
group compared with the Oe‑NC group (Fig. 4A). In MG‑63 
cells transfected with Oe‑NC, after the addition of inhibitor 
LY294002, the levels of p‑P13K, p‑AKT and p‑mTOR were 
also significantly downregulated compared with those in the 
Oe‑NC group (Fig. 4B). By contrast, a significant increase 
in the levels of p‑P13K, p‑AKT and p‑mTOR was observed 
following addition of 740Y‑P in MG‑63 cells overexpressing 
AIM2. In summary, these results indicated that AIM2 over‑
expression could suppress the PI3K/AKT/mTOR signaling 
pathway in osteosarcoma cells.

AIM2 overexpression inhibits the proliferation and promotes 
the apoptosis of osteosarcoma cells by inactivating the 
PI3K/AKT/mTOR signaling pathway. To understand whether 
the effects of AIM2 overexpression on the progression of 
osteosarcoma were mediated by the PI3K/AKT/mTOR 
signaling pathway, another series of experiment was conducted. 
The results in Fig. 5A and B demonstrated that the inhibitor 
LY294002 exerted a significant inhibitory effect on cell prolif‑
eration in both the CCK‑8 and colony formation assays, as did 
AIM2 overexpression, while the activator 740Y‑P reversed 
the inhibitory effect of AIM2 overexpression. As shown in 
Fig. 5C, similar to the effect of AIM2 overexpression, the 
inhibitor LY294002 promoted apoptosis, but 740Y‑P attenu‑
ated the effect of AIM2 overexpression on cell apoptosis. As 
shown in Fig. 5D, following addition of LY294002, the protein 
expression levels of Bax and cleaved caspase‑3 were elevated, 
but the expression levels of Bcl‑2 were decreased compared 
with Oe‑NC group, and treatment with the activator 740Y‑P 
had the opposing effect on the levels of these proteins in 
Oe‑AIM2 cells. These results suggested that AIM2 inhibited 
the proliferation and promoted the apoptosis of osteosarcoma 
cells by inactivating the PI3K/AKT/mTOR signaling pathway.

Figure 1. AIM2 is expressed at low levels in osteosarcoma cell lines. (A) Cancer Cell Line Encyclopedia database indicated AIM2 expression in various cancer 
type cell lines, including osteosarcoma. Detection of AIM2 expression in osteosarcoma cell lines was performed via (B) reverse transcription‑quantitative 
PCR and (C) western blotting. Experimental data are presented as the mean ± SD from three independent experiments. **P<0.01, ***P<0.001 vs. hFOB1.19. 
AIM2, absent in melanoma 2.
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AIM2 overexpression inhibits the invasion, migration 
and EMT of osteosarcoma cells by inactivating the 
PI3K/AKT/mTOR signaling pathway. In terms of cell inva‑
sion, the results shown in Fig. 6A revealed that LY294002 
effectively suppressed cell invasion compared with the Oe‑NC 
group; invasion was significantly elevated following addition 
of 740Y‑P in MG‑63 cells transfected with Oe‑AIM2. As 
shown in Fig. 6B, LY294002 had the same inhibitory effect 
as AIM2 overexpression on cell migration, while 740Y‑P had 
the opposite effect. Based on the results in Fig. 6C, the expres‑
sion levels of EMT‑related proteins N‑cadherin and vimentin 
were decreased but E‑cadherin expression was increased 
following addition of LY294002 compared with Oe‑NC 
alone. Following overexpression of AIM2 and addition of 
the activator 740Y‑P, the expression levels of N‑cadherin and 
vimentin were found to be increased, but the expression levels 
of E‑cadherin were decreased. This series of experiments 
indicated that the inhibitor LY294002 suppressed cell inva‑
sion, migration and EMT, but the activator 740Y‑P reversed 
the effect of AIM2 overexpression on the invasion, migration 
and EMT of osteosarcoma cells.

Discussion

Osteosarcoma is a primary bone malignant tumor with a high 
recurrence rate. Although a growing body of research has 
demonstrated an association between AIM2 and the progres‑
sion of cancer (18,21,22), research into the role of AIM2 in 
osteosarcoma has been limited. The present study assessed the 
role of AIM2 in osteosarcoma cells and its molecular mecha‑
nism, and demonstrated that AIM2 was expressed at low 
levels in osteosarcoma cell lines. Additionally, overexpression 
of AIM2 inhibited the proliferation, invasion, migration and 
EMT, and promoted the apoptosis of osteosarcoma cells by 
suppressing the PI3K/AKT/mTOR signaling pathway.

AIM2 is the prototypical and most well‑characterized 
member of the AIM2 class of receptors (23). Recognition 
of dsDNA by AIM2 results in the accumulation of a large 
multiprotein oligomeric complex referred to as the inflam‑
masome, which gives rise to the secretion of bioactive 
IL‑1β and IL‑18 (21). In the inflammatory microenviron‑
ment of tumors, caspase‑1 and the cytokines it processes, 
such as IL‑1β, serve an essential role in the occurrence and 

Figure 2. Overexpression of AIM2 inhibits proliferation and promotes apoptosis in osteosarcoma cells. (A) Reverse transcription‑quantitative PCR and 
(B) western blotting were used to detect the transfection efficiency of overexpression of AIM2. (C) Cell Counting Kit‑8 and (D) colony formation assays 
were implemented to examine the effect of AIM2 on the proliferation of osteosarcoma cells. (E) Apoptosis of osteosarcoma cells was detected using TUNEL 
staining. Scale bar, 50 µm. (F) Expression levels of apoptosis‑related proteins Bax, cleaved caspase‑3 and Bcl‑2 were determined via western blotting. 
Experimental data are presented as the mean ± SD from three independent experiments. **P<0.01, ***P<0.001 vs. Oe‑NC. AIM2, absent in melanoma 2; 
Oe‑NC, empty vector plasmid; Oe‑AIM2, AIM2 overexpression vector.
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development of cancer (24). Also, caspase‑1 functions as a 
tumor suppressor in breast cancer (25) and non‑small cell 
lung cancer (26). Additionally, the CCLE database revealed 
that AIM2 expression was downregulated in osteosarcoma 
cell lines, which was also validated by RT‑qPCR and western 
blot assays in the present study. It may be inferred from 
these results that AIM2 may contribute to the pathogenesis 
of osteosarcoma.

The proliferation, migration and invasion of tumor cells 
mark the metastasis of tumors, which in turn causes cancer 

recurrence in patients (27,28). AIM2 has been demonstrated 
to be closely associated with the progression of cancer 
in recent studies (16,18). It has been reported that overex‑
pression of AIM2 induces cell cycle arrest in colon cancer 
cytology and acts as an inhibitor of cell proliferation (29). 
Furthermore, in organoid cultures, intestinal stem cells 
lacking AIM2 proliferate more than wild‑type intestinal 
stem cells (30). In addition, AIM2 regulates the viability and 
apoptosis of human colorectal cancer cells via the PI3K/AKT 
signaling pathway (31). It has been demonstrated that, in 

Figure 3. Overexpression of AIM2 inhibits osteosarcoma cell invasion, migration and EMT. (A) Cell invasion was detected using a Transwell assay. Scale bar, 100 µm. 
(B) Wound healing assay was utilized to detect cell migration. Scale bar, 100 µm. (C) Western blotting was used to assess the levels of EMT‑related proteins, including 
N‑cadherin, Vimentin and E‑cadherin. Experimental data are presented as the mean ± SD from three independent experiments. **P<0.01, ***P<0.001 vs. Oe‑NC. EMT, 
epithelial‑mesenchymal transition; AIM2, absent in melanoma 2; Oe‑NC, empty vector plasmid; Oe‑AIM2, AIM2 overexpression vector.
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AIM2 knockout mice, the production of pro‑inflammatory 
cytokines mediated by the inflammasome is reduced, and 
apoptosis and pyroptosis are attenuated (32). Furthermore, 
AIM2 inhibits the invasion and metastasis of kidney 
cancer cells by enhancing autophagy induction (33). AIM2 
overexpression inhibits colorectal cancer cell proliferation, 
migration and EMT progress (18). Furthermore, the loss 
of AIM2 induces the activation of EMT in hepatocellular 

carcinoma (34). Based on the results of the present study, 
overexpression of AIM2 inhibited osteosarcoma cell prolifer‑
ation, invasion, migration and EMT, and promoted apoptosis, 
which indicated that AIM2 can suppress the progression of 
osteosarcoma.

The PI3K/AKT/mTOR signaling pathway serves a 
critical role in the regulation of cell proliferation, survival, 
protein synthesis and tumor progression (35,36). PI3K 

Figure 4. AIM2 suppresses the PI3K/AKT/mTOR signaling pathway. (A) Expression levels of PI3K/AKT/mTOR signaling pathway‑related proteins were 
measured by western blotting after AIM2 overexpression. (B) Detection of PI3K/AKT/mTOR pathway‑related protein expression was performed by western 
blotting after addition of PI3K/AKT/mTOR pathway activator 740Y‑P or inhibitor LY294002. ***P<0.001 vs. Oe‑NC; ###P<0.001 vs. Oe‑AIM2. Experimental 
data are presented as the mean ± SD from three independent experiments. AIM2, absent in melanoma 2; Oe‑NC, empty vector plasmid; Oe‑AIM2, AIM2 
overexpression vector; p, phosphorylated; t, total.
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phosphorylates and activates the AKT protein positioned 
on the plasma membrane, which then activates its various 
downstream pathways and consequently mTOR (37). A 
considerable body of evidence on various cancer types 
has demonstrated that activation of PI3K/AKT/mTOR 
signaling induces a variety of malignant phenotypes, 
such as cell proliferation, migration and invasion (38,39). 

Accumulating evidence has demonstrated that the 
PI3K/AKT/mTOR signaling pathway participates in the 
occurrence and development of osteosarcoma, and inactiva‑
tion of this signaling pathway can block the progression of 
osteosarcoma (40,41). Previous studies have demonstrated 
that AIM2 regulates the activity and apoptosis of colorectal 
cancer cells via PI3K/AKT signaling pathways (29), and 

Figure 5. AIM2 overexpression inhibits the proliferation and promotes the apoptosis of osteosarcoma cells by inactivating the PI3K/AKT/mTOR signaling 
pathway. (A) Cell Counting Kit‑8 and (B) colony formation assays were employed to detect the effect of AIM2 on the proliferation of osteosarcoma cells. 
(C) TUNEL staining was performed to detect apoptosis. Scale bar, 50 µm. (D) Detection of apoptosis‑related protein expression was performed using western 
blotting. ***P<0.001 vs. Oe‑NC; ##P<0.01, ###P<0.001 vs. Oe‑AIM2. Experimental data are presented as the mean ± SD from three independent experiments. 
AIM2, absent in melanoma 2; Oe‑NC, empty vector plasmid; Oe‑AIM2, AIM2 overexpression vector.
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attenuates AKT phosphorylation and mTOR signaling (42). 
The present study revealed that AIM2 overexpression 
suppressed PI3K/AKT/mTOR signaling. Subsequently, to 
further elucidate the effect of AIM2 overexpression on the 
PI3K/AKT/mTOR signaling pathway, PI3K/AKT/mTOR 
pathway inhibitor LY294002 or activator 740Y‑P were 
added. The results revealed that 740Y‑P reversed the effects 
of AIM2 overexpression on osteosarcoma cell proliferation, 
apoptosis, invasion, migration and EMT.

In conclusion, considering the present findings, it may be 
concluded that AIM2 can inhibit the development of osteosar‑
coma through inactivation of the PI3K/AKT/mTOR signaling 
pathway (Fig. 7). These findings suggested that AIM2 may be a 
promising therapeutic option for osteosarcoma and an effective 
approach to the targeted treatment of this disease. The lack of 
investigation into the upstream mechanisms of AIM2 or inclu‑
sion of animal experiments are limitations of the present study; 
therefore, comprehensive analysis is required in the future.

Figure 6. AIM2 overexpression inhibits the invasion, migration and EMT of osteosarcoma cells by inactivating the PI3K/AKT/mTOR signaling pathway. 
(A) Cell invasion was measured using a Transwell assay. Scale bar, 100 µm. (B) Wound healing assay was implemented to detect cell migration. Scale 
bar, 100 µm. (C) Western blotting was performed to detect EMT‑related protein expression. ***P<0.001 vs. Oe‑NC; ##P<0.01, ###P<0.001 vs. Oe‑AIM2. 
Experimental data are presented as the mean ± SD from three independent experiments. EMT, epithelial‑mesenchymal transition; AIM2, absent in melanoma 2; 
Oe‑NC, empty vector plasmid; Oe‑AIM2, AIM2 overexpression vector.

Figure 7. AIM2 inhibits the proliferation, invasion and migration, and promotes the apoptosis of osteosarcoma cells by inactivating the PI3K/AKT/mTOR 
signaling pathway. The schematic diagram of findings in this study. AIM2, absent in melanoma 2.
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