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Abstract. Anoikis resistance is a crucial step in the process 
of tumor metastasis. This step determines whether the tumor 
cells will survive when they become detached from the 
extracellular matrix. However, the specific mechanism of 
tumor cells to bypass anoikis and become resistant remains 
to be elucidated. The present study aimed to determine the 
internal mechanism of bypassing anoikis through comparison 
of human osteosarcoma cell lines with human normal cell 
lines. High activating transcription factor 4 (ATF4) and 
myelocytomatosis oncogene (MYC) expression levels were 
observed in MG‑63 and U‑2 OS human osteosarcoma cell 
lines. It is possible that ATF4 and MYC contribute to tumor 
progression. Subsequently, the expression levels of ATF4 and 
MYC in HUVEC and CHON‑001 human normal cell lines 
were upregulated and their adhesion abilities were reduced; 
whereas their ability to bypass anoikis increased significantly. 
Simultaneously, after we Following a knock‑down ofATF4 
and MYC expression levels in MG‑63 and U‑2 OS human 
osteosarcoma cell lines, their adhesion ability increased and 
their ability to bypassing anoikis was significantly reduced. 
Upregulation of MYC resulted in an upregulation of ATF4, 
and chromatin immunoprecipitation and luciferase reporter 
gene technology demonstrated that MYC binds to the promoter 
of ATF4. These findings suggest that ATF4 regulated by MYC 
might contribute to resistance to anoikis in human osteosar-
coma cells.

Introduction

Osteosarcoma is the most common bone tumor and accounts 
for ~6% of all cancers in children and adolescents  (1‑3). 
Prior to the 1970s, the survival rate of surgical resection for 
osteosarcoma was 15‑20%. Presently, surgery combined with 
a neoadjuvant chemotherapy regimen increases the survival 
rate of osteosarcoma to ~80% (4). The 5‑year disease‑free 
survival rate in the patients with localized disease can reach 
65‑70%. However, this means that there are patients, which 
relapse within five years (5). The majority of osteosarcomas 
are diagnosed when they are already a high‑grade malignant 
tumor at diagnosis and prone to early metastasis. The most 
common sites of metastases are the lungs, which account for 
~90% (6). With improved understanding of osteosarcoma and 
its invasion and metastasis mechanisms have become the focus 
of current research.

Apoptosis, also termed programmed cell death, is encoded 
by genes, which regulate spontaneous cell death process and 
cellular growth, differentiation, developmental and patho-
logical processes. Normal epithelial or endothelial cells have 
adhesion dependency. Their survival depends on intercellular 
signaling and signaling between cells and the matrix is termed 
anchor‑dependent (7). Normal epithelial cells or solid tumor 
cells, which do not have the ability to shed into the bloodstream 
from the extracellular matrix (ECM) will trigger apoptosis. 
This type of apoptosis occurs is termed anoikis (8).

The activating transcription factor (ATF) family encom-
passes a large group of transcription factors containing the 
leucine zipper basic region. ATF4 is a member of the ATF 
family. The influence of various stress factors may increase 
ATF4 expression levels, such as hypoxicconditions  (9,10), 
amino acid deprivation, endoplasmic reticulum and oxidative 
stress (11), and regulation of growth factor heregulin. ATF4 
is an important protective gene that allows cells to adapt to 
the aforementioned stress factors. It has been previously 
reported that, compared with normal tissue, primary tumors 
in human tissue have a very high ATF4 protein expres-
sion levels. ATF4 may promote tumor growth in xenograft 
models  (12). Myelocytomatosis oncogene (MYC) is the 
product of oncogene c‑Myc. c‑Myc is the first v‑myc homolog 
to be confirmed to have a transformation effect in the MC29 
avian retroviruses (13). MYC is widely expressed, particularly 
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in cells and tissues that proliferate rapidly. Previous studies 
have determined that the function of MYC is associated with 
cell proliferation, differentiation and tumorigenesis (14‑16).

A previous study reported that ATF4 may prevent anoikis 
and promote metastasis in human fibrosarcoma cells (17). The 
present study investigated the function of ATF4 and MYC 
in osteosarcoma cell lines. It was determined that ATF4 and 
MYC were highly expressed in the human osteosarcoma cell 
lines 143B and ZOS. Suspension culture of original adherent 
cells led to an increase in the expression levels of ATF4 and 
MYC. Additionally, overexpression of ATF4 and MYC in 
normal human cell lines was induced, where ATF4 and MYC 
usually have low expression levels. The present study deter-
mined that upregulation of ATF4 and MYC may significantly 
reduce the adherent ability of cells and aid them in bypassing 
anoikis. Conversely, a knockdown of ATF4 and MYC in 
human osteosarcoma cell lines may significantly increase the 
adherent ability of cells and increase the rate of anoikis. In 
these processes, MYC acted as a transcription factor regulating 
the expression of ATF4. Chromatin immunoprecipitation 
(ChIP) and luciferase reporter assays confirmed that MYC 
was able to bind to the promoter of ATF4 to regulate anoikis 
resistance.

Materials and methods

Cell culture. HUVEC, CHON‑001, MG‑63, U‑2 OS and 
293T cell lines were obtained from American Type Culture 
Collection (Manassas, VA, USA). HUVECs were maintained 
in EGM‑2 medium supplemented with 5 ng/ml rh vascular 
endothelial growth factor, 5 ng/ml rh EGF, 5 ng/ml rh fibroblast 
growth factor basic, 15 ng/ml rh IGF‑1, 10 mM L‑glutamine, 
0.75 U/ml heparin sulfate, 1 ng/ml hydrocortisone hemisuc-
cinate, 2% fetal bovine serum (FBS) and 50 µg/ml ascorbic 
acid (Lonza, Inc., Allendale, NJ, USA). CHON‑001 cells 
were maintained in Dulbecco's modified Eagle's medium 
supplemented with 0.1 mg/ml G‑418 and 10% FBS (Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA). MG‑63 
cells were maintained in Eagle's minimum essential medium 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 
0.1 mg/ml G‑418 and 10% FBS. U‑2 OS cells were maintained 
in McCoy's 5A medium (Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 0.1 mg/ml G‑418 and 10% FBS. 293T 
cells were maintained in Dulbecco's modified Eagle's medium 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% 
FBS. Cells were cultured in a 37˚C incubator with humidified 
atmosphere of 5% CO2.

Induction of anoikis. To induce detachment from the ECM, 
four cell lines were cultured in a culture dish with a low attach-
ment surface (cat no. 3473; Corning Incorporated, Corning, 
NY, USA). Suspension culture was performed for 24 h. The 
mRNA and protein expression level changes of ATF4 and 
MYC were subsequently quantified.

RNA isolation from cells and reverse transcription‑poly‑
merase chain reaction (RT‑PCR) analysis. Total RNA was 
extracted from the cells using TRIzol (Invitrogen; Thermo 
Fisher Scientific, Inc.) and was reverse transcribed into cDNA 
using RevertAid First Strand cDNA Synthesis kit (Thermo 

Fisher Scientific, Inc.). Taq polymerase (Invitrogen; Thermo 
Fisher Scientific, Inc.) was used for the PCR. The following 
thermocycling conditions were used: 94˚C 5 min; 32 cycles 
of 94˚C 30 sec, 55˚C 30 sec, 72˚C 1 min; 72˚C 10 min. All 
experiments were performed in triplicate. Sequences of the 
primers for ATF4 were forward (F), 5'‑TAG​AGA​AGT​CCC​
GCC​TCA​TAA‑3' and reverse (R), 5'‑TTC​ACT​GCC​CAG​CTC​
TAA​AC‑3'; and MYC F, 5'‑TTC​TCT​CCG​TCC​TCG​GATT‑3' 
and R, 5'‑TGC​GTA​GTT​GTG​CTG​ATGT‑3'.

Protein extraction from cells and western blot analysis. Total 
RNA was extracted from cells using Laemmli sample buffer 
with 5% 2‑mercaptoethanol (both from Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA). The Compat‑Able™ BCA protein 
assay kit (cat no. 23229; Thermo Fisher Scientific, Inc.) was 
used to perform protein quantitation. A total of 40 µg protein 
per lane was separated by 10% SDS‑PAGE and transferred 
to polyvinylidene fluoride membranes. Blocking of the 
membranes was performed using 5% non‑fat milk or 3% 
bovine serum albumin (cat no. A500023‑0100; Sangon Biotech 
Co., Ltd., Shanghai, China). Primary antibodies used were 
ATF4 (cat no. ab50546; 1:5,000) and MYC (cat no. ab32072; 
1:5,000) (both from Abcam, Cambridge, UK). GAPDH (cat 
no. G9545; 1:5,000; Sigma‑Aldrich; EMD Millipore, Billerica, 
MA, USA) was used as normalization control. Primary anti-
bodies were incubated with the membrane for 8 h at 4˚C. The 
membranes were washed three times with Tris‑buffered saline 
with 0.2% Tween‑20 and incubated with goat anti‑mouse (cat 
no. ab6789; 1:2,000) and goat anti‑rabbit secondary antibodies 
(cat no. ab6721; 1:2,000) (both from Abcam) labeled with 
horseradish peroxidase >1 h at room temperature, and signals 
were visualized using film exposure. All experiments were 
performed in triplicate.

Construction of overexpression and knockdown vectors. The 
coding sequence of ATF4 and MYC was cloned into pcDNA3.1 
vector (plasmid #70219; Addgene, Inc., Cambridge, MA, USA) 
to overexpress them in cell lines. The following short hairpin 
(sh)RNAs were used to specifically target ATF4 and MYC 
and were cloned into pLKO.1 (plasmid #10878; Addgene, 
Inc.) vector to induce knockdown of their expression in cell 
lines. All experiments were performed in triplicate. shRNA‑1 
targeted ATF4 sequence, GCC​TAG​GTC​TCT​TAG​ATG​ATT; 
shRNA‑2 targeted ATF4 sequence, CCA​CTC​CAG​ATC​ATT​
CCT​TTA; shRNA‑1 targeted MYC sequence, CAG​TTG​AAA​
CAC​AAA​CTT​GAA; shRNA‑2 targeted MYC sequence, CCT​
GAG​ACA​GAT​CAG​CAA​CAA.

Adhesion assay. Six‑well plates were coated with 10 mg/ml 
fibronectin (cat no. F2006; Sigma‑Aldrich; Merck KGaA) 
overnight at 4˚C. The cell concentration was adjusted to 
2x105 cells/ml, and 500 µl was added to each well. The cells 
were incubated for 30 min at 37˚C, and unattached cells were 
discarded. Adhered cells were stained with crystal violet 
(0.005%) for 10 min, and the cells were photographed with 
a microscope under a 40x objective. The number of adherent 
cells was averaged from 10 fields.

Cell Death Detection ELISA. The level of anoikis was 
detected using a Cell Death Detection ELISAPLUS kit (cat 
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no. 11920685001; Roche Diagnostics, Basel, Switzerland), 
according to the manufacturer's protocol.

ChIP. ChIP assay was performed using an Imprint® Chromatin 
Immunopreciptitation kit (cat no.  CHP1; Sigma‑Aldrich; 
Merck KGaA). Cells were crosslinked with 1% formaldehyde 
and terminated with 2.5 mM glycine. Briefly, the scraped cells 
were lysed in PBS + sodium thiosulfate using a sonicator, and 
the lysates were divided into three. One part was used as a posi-
tive control and received no treatment. The second was used as 
negative control and was incubated with IgG (cat no. ab150077; 
5 µg/ml; Abcam) and 100 µl Protein G PLUS‑Agarose. The 
third lysate was incubated with MYC‑specific antibody 
(5 µg/ml) and Protein A/G PLUS‑Agarose at 4˚C overnight. 
Lysates were incubated with 10 µg RNaseA (cat no. R6148; 
Sigma‑Aldrich; Merck KGaA) for 30 min at 37˚C, and 80 µg 
proteinase K (cat no. P2308; Sigma‑Aldrich; Merck KGaA) for 
3 h at 37˚C, to remove the RNA and protein. DNA was subse-
quently extracted with using phenol‑chloroform. The degree 
of enrichment was detected using quantitative PCR with the 
following thermocycling parameters: 94˚C, 5 min; 40 cycles 
of 94˚C for 30 sec, 55˚C for 15 sec, 72˚C for 1 min; 72˚C for 
10 min. R1 of the control was used for normalization. Power 
SYBR® Green PCR Master Mix (cat no. 4368708; Applied 
Biosystems; Thermo Fisher Scientific, Inc.) was used to 
perform qPCR. The quantification performed using the ∆∆Cq 
method (18) and all experiments were performed in triplicate. 
The ChIP primers used to measure enrichment are detailed 
in Table I.

Luciferase reporter gene technology. MG‑63 (2x105) and 
U‑2 OS (2x105) cells were plated into a 24‑well plate and 
transfected with 2 ng of cytomegalovirus (CMV)‑Renilla 
(Promega Corporation, Madison, WI, USA) and 10  ng 
of ATF4‑dependent luciferase reporter constructs using 
Lipofectamine 2000 transfection reagent (Thermo Fisher 
Scientific, Inc.). Cells were harvested 36 h after transfection. 
Luciferase activity was quantified using the Dual‑Luciferase 
reporter system (Promega Corporation). All experiments were 
performed in triplicate.

Statistical analysis. Statistical analyses were performed using 
SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA). Statistical 
differences were determined using a Student's t‑test or one‑way 
analysis of variance followed by Tukey's honest significant 
difference test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

ATF4 and MYC are highly expressed in human osteosarcoma 
cell lines. ATF4 is a transcription factor associated with 
several types of cancer progression, such as breast cancer, 
lung cancer and melanoma (19‑21). It has been determined 
that ATF4 expression is induced by stress stimulation, such 
as endoplasmic reticulum stress, anoxia/hypoxia and amino 
acid deprivation. MYC is also a transcription factor that 
has been identified as a proto‑oncogene. MYC is expressed 
with relatively high probability in tumor cells to regulate 
proliferation, apoptosis, differentiation and cell cycle 

progression. However, the interaction between these two 
proteins remains to be elucidated. The present study deter-
mined that ATF4 and MYC mRNA and protein expression 
levels were high in MG‑63 and U‑2 OS human osteosarcoma 
cell lines (Fig. 1A and B). Therefore, ATF4 and MYC may 
have an important role in the progression of osteosarcoma. 
The present study focused on the association between these 
two genes and anoikis. It was determined that the expression 
levels of ATF4 and MYC markedly increased following the 
suspension culture (Fig. 1C and D). Therefore, ATF4 and 
MYC may have an important function in anoikis resistance 
observed in human osteosarcoma cells.

Increased expression of ATF4 and MYC allows normal human 
cell lines to escape anoikis. Dey et al (17) have determined 
that ATF4 prevented anoikis in human fibrosarcoma cell 
lines. Disease‑associated fibronectin matrix fragments trigger 
anoikis of human primary ligament cells through suppres-
sion of c‑myc (22). The present study investigated whether 
increased expression levels of ATF4 and MYC allowed 
cells to bypass anoikis in human normal cell lines. Initially, 
a lentiviral packaging plasmid and target plasmid overex-
pressing ATF4 or MYC were transfected into 293T cells. 
Subsequently, lentiviral vectors were collected and used to 
infect HUVEC and CHON‑001 human normal cell lines. 
Subsequently ATF4 and MYC protein expression levels were 
detected (Fig. 2A and B).

HUVEC and CHON‑001 cells overexpressing ATF4 
and MYC were used to conduct adhesion assay. This assay 
was used to detect the ability of cells to escape the ECM by 
observing the number of cells adhered on the dish coated 
with fibronectin. The present study determined that the adhe-
sion ability of HUVEC and CHON‑001 cells overexpressing 
ATF4 or MYC decreased significantly (Fig. 2C and D). This 
suggested that overexpression of ATF4 and MYC may promote 
cells to become detached and initiate metastasis.

Table I. ChIP primers.

Primer	 Sequence (5'‑3')

R1 forward	 tgtccgtgtgtcatcttggtt
R1 reverse	 atactgaatgggcagatga
R2 forward	 acataggcaattgctttgagat
R2 reverse	 aaagttactcatctttcccca
R3 forward	 agtaggtgtttacctttaca
R3 reverse	 gcaggcaagtgactagaaggc
R4 forward	 gcaaggatactcatcagtagt
R4 reverse	 cgcatccaaaagaatcctggct
R5 forward	 gctggtccctgaggccactaa
R5 reverse	 tctcgggtcgctgctagtcctca
R6 forward	 gatcgggaaagcgtagtcgggt
R6 reverse	 ttcgtggggcaacagccaagac
R7 forward	 gagaaaatggatttgaagga
R7 reverse	 aagagatcacaagtgtcatcc 

R, region.
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Figure 1. ATF4 and MYC were expressed in human osteosarcoma cell lines. (A and B) Comparable levels of ATF4 and MYC in mRNA and protein levels in 
HUVEC, CHON‑001, MG‑63 and U‑2 OS cell lines. (C and D) Comparable levels of ATF4 and MYC in mRNA and protein levels in attaching and floating 
cell lines. ATF4, activating transcription factor 4; MYC, myelocytomatosis oncogene.

Figure 2. Upregulation of ATF4 and MYC contributed to bypass anoikis in human normal cell lines. (A and B) ATF4 and MYC were overexpressed in HUVEC 
and CHON‑001 cell lines. (C and D) Overexpression of ATF4 and MYC reduced the adhesion ability of HUVEC. Scale bar, 200 µm. (E and F) Overexpression 
of ATF4 and MYC contributed HUVEC bypass anoikis. *P<0.05. NS, no significance; ATF4, activating transcription factor 4; MYC, myelocytomatosis 
oncogene. 
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As ATF4 and MYC may facilitate detachment of cells 
from the ECM they may also aid cells in bypassing anoikis. 
The Cell Death Detection ELISAPLUS kit to quantify cell 
death following suspension culture for 24 h. The mortality 
of HUVEC and CHON‑001 floating cells overexpressing 
ATF4 and MYC was significantly reduced compared with the 
control (Fig. 2E and F). These findings indicated that ATF4 
and MYC contributed to the cells' ability to become detached 
and bypass anoikis. Therefore, ATF4 and MYC may have a 
crucial role in the carcinogenesis process.

Knockdown of ATF4 and MYC in human osteosarcoma cells 
promotes anoikis. In order to confirm that ATF4 and MYC 
have a role in improving cell viability following detachment 
from ECM during carcinogenesis, shRNA was used to reduce 
ATF4 and MYC expression levels in MG‑63 and U‑2 OS 

human osteosarcoma cells. Two clones were designed for two 
different target sequences of ATF4 and MYC respectively, 
vector‑shATF4‑1, vector‑shATF4‑2, vector‑shMYC‑1 and 
vector‑shMYC‑2. The ATF4 and MYC protein expression levels 
in the transfected cell lines were determined (Fig. 3A and B). 
Subsequently, adhesion assay and cell death detection ELISA 
were performed to confirm that MG‑63 and U‑2 OS cells, 
following knock‑down of ATF4 and MYC had reduced 
detachment abilities and unable to bypassing anoikis. Cells 
preferred to adhere to the bottom of the dish (Fig. 3C and D) 
in the knock‑down of ATF4 and MYC groups. Following a 
suspension culture for 24 h, cells in the knock‑down groups 
had significantly increased mortality compared with the 
control group (Fig. 3E and F). Therefore, it was evident that the 
downregulation of ATF4 and MYC expression may increase 
cell adhesion and induce apoptosis due to loss of cell‑matrix 

Figure 3. Knockdown of ATF4 and MYC in human osteosarcoma cells promoted anoikis. (A and B) ATF4 and MYC was knocked‑down in MG‑63 and U‑2 
OS cell lines. (C and D) Knockdown of ATF4 and MYC improved the adhesion ability of MG‑63 cells. Scale bar, 200 μm. (E and F) Knockdown of ATF4 and 
MYC increased the ratio of anoikis in MG‑63 cells. *P<0.05 vs. control. NS, no significance; sh, short hairpin; ATF4, activating transcription factor 4; MYC, 
myelocytomatosis oncogene.
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interactions. This confirmed that ATF4 and MYC contribute 
to the process of cancer metastasis, particularly in the aspect 
of bypassing anoikis.

Expression of ATF4 changes following alteration of MYC 
expression. The present study aimed to determine how ATF4 
and MYC function together in the carcinogenesis process. 
Therefore, the association between ATF4 and MYC has been 
further investigated.

To detect this association, ATF4 and MYC were overex-
pressed in human normal cell lines HUVEC and CHON‑001. 
Subsequently, their expression levels were detected. The 
findings revealed that overexpressing MYC may lead to 
significantly increased expression levels of ATF4. However, 
overexpression of ATF4 did not lead to alteration of MYC 
expression levels in HUVEC cells (Fig. 4A). Similarly, knock-
down of MYC did not alter the expression of ATF4 (Fig. 4B). 
As two the two different vectors used for the aforementioned 
ATF4 and MYC knock‑down experiments exhibited a similar 
effect, shATF4‑1 and shMYC‑1 were selected for this experi-
ment. These findings demonstrated that MYC may act as an 
upstream regulator of ATF4 expression.

The present study also examined whether anoikis resistance 
ability of cells was restored following partial upregulation of 
ATF4 in cells with upregulation of MYC expression. Following 

24 h suspension culture, cells with restored ATF4 exhibited 
reduced cell death, compared with the control (Fig. 4C and D). 
These findings confirmed that ATF4 and MYC were associated 
with anoikis. Additionally, MYC may act as a transcription 
factor regulating the expression of ATF4 and ATF4 may acti-
vate downstream signaling pathways associated with anoikis.

MYC binds to the promoter of ATF4 to regulate its expression. 
The present study has demonstrated that MYC may act as 
an upstream regulatory factor of ATF4 expression, further 
affecting cell sensitivity to anoikis‑mediated cell death. ChIP 
was used to further investigate the specific mechanism of the 
underlying molecular process where MYC regulates ATF4, in 
order to determine where MYC may bind onto the promoter 
region of ATF4. Encyclopedia of DNA Elements at UCSC 
database (genome.ucsc.edu/ENCODE/) predicted that there 
was the possible binding site for MYC in the promoter region 
of ATF4. Subsequently, 7 regions were selected (R1~R7) near 
the transcription starting site. They were ~1 kb apart from 
one another (Fig. 5A). HUVEC and CHON‑001 cells overex-
pressing MYC or transfected with a control plasmid were used 
to conduct ChIP. DNA regions associated with MYC would 
be pulled down together with via MYC affinity with the MYC 
monoclonal antibody. R5 was determined to be the enrichment 
region of MYC in the ATF4 promoter region (Fig. 5B and C). 

Figure 4. Expression levels of ATF4 change following alteration of MYC expression. HUVECs and MG‑63 cells were transfected with (A) MYC, ATF4 or 
MYC+shATF4‑1 and (B) shMYC, shATF4 or shMYC+ATF4. (C and D) Cell death in the treatment groups was assessed after 24 h under attached or floating 
conditions. *P<0.05 vs. control. NS, no significance; sh, short hairpin; ATF4, activating transcription factor 4; MYC, myelocytomatosis oncogene.
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Figure 5. MYC binds to the promoter of ATF4 to regulate its expression. (A) A total of 7 regions were designed of ChIP. (B and C) ChIP analysis demon-
strated the association of MYC in transfected HUVEC and CHON‑001 cells in region 5. (D) Luciferase reporter assays were performed with the ‑1,332 to 
‑626 segment‑containing region where MYC regulates ATF4. ATF4, activating transcription factor 4; MYC, myelocytomatosis oncogene; ChIP, chromatin 
immunoprecipitation; TSS, transcription start site..
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Luciferase reporter was transfected into MG‑63 and U‑2 OS, 
which express MYC at high levels. It was determined that high 
luciferase reporter signal was detected at the ‑1,332 to ‑626 bp 
fragment  (Fig. 5D). Therefore, the findings of the present 
study demonstrated that MYC may bind to the ATF4 promoter 
region and regulate its expression level, thus altering anoikis 
resistance in human osteosarcoma cells.

Discussion

Osteosarcoma is a primary malignant bone tumor, which orig-
inates in mesenchymal cells. Typical osteosarcoma clinical 
is rare and its incidence is ~300/1,000, accounting for 0.2% 
of malignant tumors and 15% of primary bone tumors (23). 
Prior to 1970, the standard treatment for osteosarcoma was 
amputation. However, 80% of patients have been determined 
to have micrometastasis at the time of diagnosis (24). In recent 
years, limb salvage treatment of osteosarcoma has gradually 
replaced amputation, with the development of chemical treat-
ments, surgical techniques and improved treatment methods 
of bone reconstruction. A previous study reported that >80% 
of patients preferred limb salvage surgery (25). Nevertheless, 
the metastasis mechanism of osteosarcoma remains fully 
elucidated.

Anoikis as a specific type of programmed cell death, which 
is important role for development, organism homeostasis, 
disease and tumor metastasis. It has been previously reported 
that suppression of anoikis was closely associated with 
metastasis and survival of tumor cells (26). Previous studies 
determined that expression of cancer‑associated genes, such 
as Ras, may prevent anoikis in normal epithelial cells (27‑29). 
Subsequent studies have reported that inhibition of anoikis 
was associated with the malignant degree of breast, colon and 
lung cancer (30‑32). The Fas cell surface death receptor and its 
adapter molecule Fas‑associated via death domain have been 
determined to be involved in anoikis (33). Integrins have also 
been identified to be closely associated with anoikis (34). Cell 
adhesion and anoikis may be mediated by integrins depending 
on the cell type and anoikis model selected (35). Additionally, 
adhesion and detachment between cell and matrix alter 
Bcl‑2 expression levels. Therefore, adjusting the balance of 
anti‑apoptotic and apoptosis signals determines cell survival 
or death by anoikis (36). A previous study determined that 
after cells detach from the ECM, FAK does not bind to PI3K 
and inhibits its activity, eventually, promotes cells anoikis (37).

The present study determined that MYC may bind to 
the promoter region of ATF4 and regulated its expression 
to adjust anoikis resistance in human osteosarcoma cells. A 
previous study determined that ATF4‑dependent induction of 
heme oxygenase 1 prevents anoikis and promotes metastasis 
in a human fibrosarcoma cell line (17). The effect of MYC 
on anoikis has also been previously reported as mitochon-
drial DNA depletion prevented anoikis through upregulation 
of PI3K, which led to the phosphorylation of downstream 
substrates Myc (38). The present study determined that ATF4 
has the same function in anoikis resistance different cell 
lines. However, the current study also identified a completely 
different mechanism where MYC acts as a transcription factor, 
not a downstream gene, which regulated ATF4 to trigger 
anoikis resistance.

To the best of our knowledge, this study is the first to 
confirm that ATF4 and MYC promote anoikis resistance 
in human osteosarcoma. Additionally, it was revealed that 
MYC affects anoikis resistance through regulation of ATF4. 
ATF4 and MYC are likely to become potential targets for 
future cancer therapy. However, the underlying mechanism 
of ATF4‑induced anoikis resistance remains to be elucidated. 
Furthermore, the role of ATF4 and MYC in anoikis resistance 
requires verification in other types of cancer.
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