
Page 1 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(2):158 | http://dx.doi.org/10.21037/atm-20-7974

Effect of activation of the Akt/mTOR signaling pathway by EEF1A2 
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Background: Osteosarcoma (OS) is a common bone cancer in children and adolescents which causes a 
large number of cancer-related deaths. Eukaryotic Translation Elongation Factor 1 Alpha 2 (EEF1A2) has 
been revealed to have carcinogenic properties and promote tumor progression in many cancers. We want to 
investigate the biological function and mechanism of EEF1A2 in OS. 
Methods: The expression of EEF1A2 in OS was investigated using the Gene Expression Omnibus (GEO) 
database and quantitative reverse transcription polymerase chain reaction (qRT-PCR). The biological 
function of EEF1A2 in OS was studied using cell counting kit-8 (CCK8) assay, 5-ethynyl-2’-deoxyuridine 
(EdU) assay, Transwell assay, and OS of xenograft nude mice model. Real-time fluorescence quantitative 
PCR was used to detect the expression level of EEF1A2 mRNA in OS tissues and cell lines. Western blot 
was used to detect the phosphorylation level of Akt and mTOR
Results: There was high expression of EEF1A2 in OS, which was closely related to the Enneking stage 
and tumor size of OS. In vitro, EEF1A2 promoted the proliferation, migration, and invasion of OS cells; in 
vivo, EEF1A2 promoted the growth of OS tumors. The mechanism study showed that EEF1A2 can promote 
protein kinase B (Akt) and mammalian target of rapamycin (mTOR) phosphorylation, thereby activating the 
Akt/mTOR signaling pathway in OS. 
Conclusion: There is high expression of EEF1A2 in OS, which can promote the proliferation, migration, 
and invasion of OS cells in vitro and the growth of OS tumors in vivo via activation of the Akt/mTOR 
signaling pathway.
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Introduction

Osteosarcoma (OS) is the most common primary bone 
cancer in children and adolescents, and it causes a large 
number of cancer-related deaths worldwide every year (1,2). 
Although extensive tumor resection combined with adjuvant 
chemotherapy and radiotherapy has allowed significant 

progress in the treatment of OS, the clinical prognosis of 
OS patients is still poor, due to its characteristics of high 
metastatic potential and rapid progress (3,4). Therefore, 
there is an urgent need to study the molecular mechanism 
of OS occurrence and development to lay the foundation 
for developing new effective therapeutic targets.

Eukaryotic Translation Elongation Factor 1 Alpha 2 
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(EEF1A2) is selectively expressed by the heart, skeletal 
muscle, nervous system, and some special cells. It plays 
an important biological role by promoting the guanosine 
triphosphate (GTP)-dependent binding of aminoacyl tRNA 
to ribosomal A sites during protein biosynthesis (5,6). The 
abnormal expression of EEF1A2 is closely related to many 
diseases, such as Parkinson's disease and epilepsy (7,8). 
Increasingly, research has focused on the role of EEF1A2 in 
tumors, and it has been revealed as overexpressed in many 
human tumors, to have carcinogenic properties, and promote 
tumor progression. The role of its oncogene has been verified 
in most tumors, including colorectal cancer, leukemia, breast 
cancer, hepatocellular carcinoma, and gastric cancer, among 
others (9-13). However, there is no research on EEF1A2 in 
OS, and its expression and role in OS are still unknown.

Therefore, in this study, we aimed to explore the role 
of EEF1A2 in OS. First, through bioinformatics analysis, 

it was found that EEF1A2 was highly expressed in OS. 
Subsequently, OS tissues and cell lines were used to 
verify its expression and analyze its clinical significance. 
Furthermore, the effects of EEF1A2 on the proliferation, 
migration, and invasion of OS cell lines in vitro and the 
growth of OS tumors in vivo were investigated. Finally, the 
tumor-related signaling pathway regulated by EEF1A2 was 
demonstrated, and the mechanism of its biological role was 
explained. We present the following article in accordance 
with the ARRIVE reporting checklist (available at http://
dx.doi.org/10.21037/atm-20-7974).

Methods

Tissue sample collection

In this study, 38 OS specimens and matched normal tissue 
specimens that had been surgically removed in our hospital 
were collected. The clinical parameters of OS patients are 
shown in Table 1. All participants in this study provided 
written informed consent. All procedures performed in this 
study involving human participants were in accordance with 
the Declaration of Helsinki (as revised in 2013). This study 
was approved by the ethics committee of our hospital and 
conducted in accordance with the guidelines provided by 
the ethics committee and the institutional review committee 
(No. 2018087). 

Cell culture and transfection

Human OS cell lines (MG63, HOS, U2OS, and Saos-2)  
and human osteoblast cell lines (hFOB1.19) were purchased 
from ATCC (American Type Culture Collection, 
Manassas, VA, USA). The cells were cultured in Dulbecco’s 
modified eagle medium (DMEM) (HyClone, Logan, UT, 
USA) containing 10% fetal bovine serum (FBS, Gibco, 
Gaithersburg, MD, USA), 100 U/mL penicillin, and  
100 mg/mL streptomycin (Invitrogen, Waltham, MA, USA). 
All cell lines were incubated in an incubator containing 5% 
CO2 at 37 ℃. Lipofectamine 2000 (Invitrogen) was used 
for cell transfection, and the transfection procedure was 
performed according to the manufacturer instructions.

RNA extraction and real-time fluorescence quantitative 
reverse transcription-polymerase chain reaction (qRT-PCR)

Total RNA was extracted with Trizol reagent (Invitrogen) 
from tissue or cell, and then DNA was removed with 

Table 1 Relationship between clinical factors of OS patients and 
EEF1A2 expression level in OS tissue

Factors N
EEF1A2

P value
Up-regulation Down-regulation

Gender

Male 22 10 12

Female 16 9 7 0.511

Age (year)

<25 24 11 13

≥25 14 8 6 0.501

Tumor size (cm)

<6 30 12 18

≥6 8 7 1 0.042

Enneking staging

I+IIA 29 10 17

IB+III 11 9 2 0.012

Lung metastasis

No 29 12 17

Yes 9 7 2 0.124

Tumor location 

Femur/tibia 28 13 15

Others 10 6 4 0.625

OS, osteosarcoma; EEF1A2, Eukaryotic Translation Elongation 
Factor 1 Alpha 2. 
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TurboDNase Kit (Ambion, Austin, TX, USA). The total 
RNA of each sample was quantified using an ND-1000 
spectrophotometer (NanoDrop, Wilmington, DE, USA), 
and the purity of RNA was evaluated using an absorbance 
ratio (A260/A280) of 260:280 nm. Thereafter, the extracted 
total RNA was reverse transcribed into complementary 
(c)DNA using Primer Script RT Mix kit (Takara, Shiga, 
Japan), and PCR was performed on the ABI PRISM 
7500 system (Applied Biosystems, Foster City, CA, USA) 
using SYBR Green PCR kit (Takara). The glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) level was used as an 
internal reference, and the relative expression of EEF1A2 
was calculated according to the 2−△△Ct method (13).

Cell proliferation experiment

A cell counting kit-8 (CCK-8) experiment and 5-ethynyl-
2’-deoxyuridine (EdU) experiment were used to study cell 
proliferation. In the CCK-8 experiment, cells were seeded in 
96-well plates (2,000 cells/well) and transfected. The CCK-
8 reagent (Dojindo, Kumamoto, Japan) was added at 24, 
48, and 72 hours after transfection, and the absorbance was 
measured at 450 nm with a spectrophotometer. In the EdU 
experiment, EdU cell proliferation assay (Sigma-Aldrich, St. 
Louis, MO, USA) was used to stain the cells with EdU and 
photographed with a fluorescence microscope. The EdU 
and 5-TAMRA-PEG3-Azide positive rate represented the 
relative proliferative capacity of the cells.

Cell migration and invasion experiments

Scratch tests were used to study the invasive ability of cells. 
After transfection, the cells were seeded in a 6-well plate 
at 100% density, and a scratch was made with the tip of a 
10 μL pipette. Then, the scratch line was photographed 
at 0 and 24 hours. The healing ability of the scratch was 
measured by calculating the distance between the 2 sides 
of the scratch. The scratch width at 0 hours was used as a 
control to calculate the relative cell mobility.

Transwell cells (Corning Incorporated, Corning, NY, 
USA) with an aperture of 8 mm were used to study cell 
invasion.

First, 1×105 cells were inoculated with serum-free 
DMEM in the upper chamber of Transwell coated with 
matrix gel, and the lower chamber was added with complete 
medium containing 10% FBS. After 24 hours of cell culture, 
the upper chamber cells were removed with a cotton swab, 
while other cells were fixed with 4% paraformaldehyde, 

and stained with 0.5% crystal violet solution. Finally, the 
number of cells penetrating the membrane was counted 
under the microscope.

Nude mouse xenograft tumor model

Male Bagg albino (BALB)/c nude mice aged 4–6 weeks were 
used for in vivo xenograft studies. All animal experiments 
were approved by the Animal Ethics Committee of this 
hospital and in compliance with the National Institutes of 
Health Guide for the Care and Use of Laboratory Animals. 
The nude mice were injected subcutaneously with MG63 
cells with silenced EEF1A2 in the exponential growth 
phase. After that, the tumor size was measured with a caliper 
to calculate the tumor volume every 5 days. The mice were 
sacrificed 20 days after the tumor cells were inoculated, and 
the tumor weight was measured.

Western blot experiment

To t a l  p r o t e i n  w a s  e x t r a c t e d  f r o m  c e l l s  w i t h 
radioimmunoprecipitation assay (RIPA) lysis buffer 
(Beyotime, Shanghai, China), and protein concentration 
was determined with the bicinchoninic acid (BCA) protein 
quantification kit (BioRad, Hercules, CA, USA). First, 
an equal amount of protein (20 mg) was subjected to 
sodium dodecyl sulfate polyacrylamide gel (SDS-PAGE) 
electrophoresis and then transferred to a polyvinylidene 
fluoride (PVDF) membrane (Millipore, Burlington, MA, 
USA). After blocking with 5% skimmed milk powder 
for 1 hour at room temperature, it was incubated with 
the primary antibody (Abcam, Cambridge, MA, USA) at  
4 ℃ overnight. The membrane was then washed with 
tris buffered saline with Tween 20 (TBST) and incubated 
with horseradish peroxidase (HRP)-conjugated secondary 
antibody at room temperature for 1 hour. Finally, the signals 
were detected using the enhanced chemiluminescence 
(ECL) solution (ABP Biosciences, Rockville, MD, USA) 
and a chemiluminescence imaging system (BioRad).

Statistical analysis

The data were expressed in the form of mean ± standard 
deviation. Each experiment was repeated at least 3 times 
and analyzed using the software SPSS version 19.0 (IBM, 
Armonk, NY, USA). The Student’s t-test and one-way 
analysis of variance (ANOVA) were used to analyze the 
differences between groups. Statistical significance was 
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considered at P<0.05.

Results

Analysis of EEF1A2 expression in OS using GEO database 

First, the gene expression of 5 normal vs. 6 tumors in the 
Gene Expression Omnibus (GEO) database (GSE126209_
Osteosarcoma) were analyzed and we found that EEF1A2 
had the most significant change among all genes. The 
threshold of differentially expressed genes was P<0.05, and 
the absolute value of log2-fold change (FC) was greater than 
2; the gene labeling threshold was P<0.01, and log2-FC 
was greater than 5.5 (Figure 1A). Analysis of the expression 
of EEF1A2 revealed that EEF1A2 was significantly 
overexpressed in OS (Figure 1B).

There is high expression of EEF1A2 in OS tissues and cell 
lines

To verify the expression of EEF1A2 in OS, qRT-PCR was 
used to detect the expression of EEF1A2 in OS tissues and 
cell lines. The results showed that in 38 OS tissues and 
paired normal tissues, the expression of EEF1A2 in OS 
tissue was significantly higher than that of normal bone 
tissue (Figure 2A). The expression of EEF1A2 in all OS cell 

lines (MG63, HOS, U2OS, and Saos-2) was higher than 
that of human osteoblast cell lines (hFOB1.19) (Figure 2B). 
After comparing with the clinical data of the patients, it was 
found that the expression of EEF1A2 was closely related to 
the Enneking stage of OS and tumor size (Table 1).

Cell proliferation of OS is promoted by EEF1A2 in vitro

After the transfection of EEF1A2 overexpression plasmid in 
U2OS cells, the results of the CCK8 experiment and clone 
formation experiment showed that the proliferation ability 
of the cells was significantly improved (Figure 3). However, 
after silencing EEF1A2 by the transfection of EEF1A2 
small interfering (si)RNA in MG63 cells, the results of 
the CCK8 experiment and clone formation experiment 
demonstrated that the proliferation ability of the cells was 
significantly reduced (Figure 3). These results indicated that 
EEF1A2 promoted OS cell proliferation in vitro.

EEF1A2 promotes OS cell migration and invasion in vitro

After the transfection of EEF1A2 expression plasmid in 
U2OS cells, Transwell experiment results showed that the 
migration and invasion ability of cells was significantly 
improved (Figure 4). However, after silencing EEF1A2 

Figure 1 Analysis of EEF1A2 expression in OS using data from the GEO database. EEF1A2, Eukaryotic Translation Elongation Factor 1 
Alpha 2; OS, osteosarcoma; GEO, Gene Expression Omnibus. ***P<0.0001.
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Figure 2 EEF1A2 was highly expressed in OS tissues and cell lines. (A) qRT-PCR detection of EEF1A2 mRNA expression in OS tissues; 
(B) qRT-PCR detection of EEF1A2 mRNA expression in OS cell lines; (C) western blot detection of EEF1A2 protein expression in OS 
cell lines; *P<0.05. EEF1A2, Eukaryotic Translation Elongation Factor 1 Alpha 2; OS, osteosarcoma; qRT-PCR, quantitative reverse 
transcription polymerase chain reaction.

A

C

B

by the transfection of EEF1A2 siRNA in MG63 cells, 
Transwell experiments showed that the migration and 
invasion ability of cells was significantly reduced (Figure 4). 
These results indicated that EEF1A2 can promote OS cell 
migration and invasion in vitro.

EEF1A2 promotes OS tumor growth in vivo

Compared with the control group, the growth rate of 
xenografts in nude mice constructed with MG63 cells that 
stably silence EEF1A2 was significantly slower (Figure 
5A). The weight of the transplanted tumor in the EEF1A2 
silent group was significantly lower than that in the control 
group (Figure 5B). These results indicated that EEF1A2 can 
promote the growth of OS tumors in vivo. 

EEF1A2 activates Akt/mTOR signaling pathway in OS

After the transfection of EEF1A2 overexpression plasmid 
in U2OS cells, western blot experiments showed that 
the phosphorylation levels of protein kinase B (Akt) and 
mammalian target of rapamycin (mTOR) were significantly 
increased (Figure 6). However, after silencing EEF1A2 by 

the transfection of EEF1A2 siRNA in MG63 cells, western 
blot experiments showed that the phosphorylation levels 
of Akt and mTOR were significantly reduced (Figure 6). 
These results indicated that EEF1A2 can activate the Akt/
mTOR signaling pathway in OS. We also showed that 
the proliferation, invasion and migration related proteins 
downstream Akt/mTOR signaling pathway including 
c-Myc, p21, MMP2 and MMP9 we regulated by EEF1A2 
(Figure 6).

Discussion

Anand et al. (14) first reported the role of EEF1A2 in tumors 
and found that EEF1A2 was amplified in 25% of primary 
ovarian tumors and highly expressed in approximately 30% 
of ovarian tumors and established cell lines, showing that 
EEF1A2 has carcinogenic properties in vivo and in vivo and 
is a possible oncogene for ovarian cancer. Subsequently, 
increasing numbers of studies have shown that EEF1A2 
is significantly overexpressed in various cancers (9-13).  
It is reported that EEF1A2 is closely related to the 
occurrence and development of tumors and poor prognosis. 
For example, in pancreatic cancer, high expression of 
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Figure 3 EEF1A2 promotes OS cell proliferation in vitro. (A) CCK8 experiment to evaluate the effect of EEF1A2 on OS cell proliferation; (B) EdU 
experiment to evaluate the effect of EEF1A2 on OS cell proliferation, scale bar represents 100 μm; *P<0.05. red: EdU, green: DAPI, purple: merge. 
EEF1A2, Eukaryotic Translation Elongation Factor 1 Alpha 2; OS, osteosarcoma; EdU, 5-ethynyl-2’-deoxyuridine; CCK8, cell counting kit-8.

B

A

EEF1A2 is associated with lymph node metastasis, 
peripheral nerve invasion, and poor prognosis (15);  
EEF1A2 can also promote the expression and activity of 
matrix metallopeptidase 9 (MMP-9), thereby promoting 
the migration and invasion of pancreatic cancer cells (16). 
In hepatocellular carcinoma, EEF1A2 mRNA and protein 
levels are significantly higher than those in matched adjacent 
tissues and normal tissues, while silencing EEF1A2 can 
lead to reduced cell proliferation, migration, and invasion, 
increased apoptosis, and induced cell cycle arrest (12).  
Moreover, many scholars believe that EEF1A2 is an 
important target for cancer treatment and expect it to be 
used clinically (6,17).

Because EEF1A2, as an oncogene, affects the occurrence 
and development of tumors, and its role in OS is unknown, 
in this study we explored whether EEF1A2 also plays the 
same role in OS. Through bioinformatics analysis, we 

found that EEF1A2 was significantly up-regulated in OS. 
Next, the expression of EEF1A2 in OS tissues and cell lines 
were examined, and we discovered that EEF1A2 expression 
was significantly increased in OS tissues and cell lines, and 
its high expression was closely related to OS Enneking 
stage and tumor size. Through subsequent functional 
studies, it was found that EEF1A2 can significantly promote 
the proliferation, migration, and invasion of OS cells in 
vitro, and the growth of OS tumors in vivo. Therefore, we 
confirmed that EEF1A2 is also highly expressed in OS, as 
an oncogene to promote tumorigenesis and development. 
Since there has not been any research on EEF1A2 in OS 
in the past, this study supplemented knowledge of the 
biological function of EEF1A2 and was very innovative.

At the same time, we also found that EEF1A2 can 
activate the Akt/mTOR signaling pathway in OS, explaining 
the mechanism of EEF1A2 exerting its biological function. 
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Figure 4 EEF1A2 promotes OS cell migration and invasion in vitro. (A) Scratch test to evaluate the effect of EEF1A2 on OS cell migration; (B) 
Transwell test to evaluate the effect of EEF1A2 on OS cell invasion, scale bar represents 100 μm, cells were stained with 0.5% crystal violet 
solution; *P<0.05. EEF1A2, Eukaryotic Translation Elongation Factor 1 Alpha 2; OS, osteosarcoma.

B

A

It has been reported that EEF1A2 induces the activation of 
the Akt proto-oncogene in liver cancer, pancreatic cancer, 
and rat plasmacytoma (16,18,19). Here, we demonstrated 
that EEF1A2 can promote the phosphorylation of Akt 
and mTOR in OS and activate the Akt/mTOR signaling 
pathway. The Akt/mTOR signaling pathway is commonly 
active where tumors are present, and is involved in tumor cell 
metabolism, autophagy, proliferation, survival, invasion, and 
migration (20,21). We also showed that the proliferation, 
invasion and migration related proteins downstream Akt/

mTOR signaling pathway including c-Myc, p21, MMP2 
and MMP9 we regulated by EEF1A2. Therefore, we believe 
that EEF1A2 promotes the proliferation, migration, and 
invasion of OS cells in vitro and the growth of OS tumors 
in vivo by activating the Akt/mTOR signaling pathway. 
Beyond that, in other cancers, eEF1A2 has been reported 
to activate other cancer related signaling pathways. For 
instance, eEF1A2 is highly expressed in HCC and likely 
promote HCC tumorigenesis by activating PI3K/Akt/
NF-κB signaling (12). Eef1a2 also promotes cell growth, 
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Figure 6 EEF1A2 activates the Akt/mTOR signaling pathway in OS; after overexpression (A) or silencing (B) of EEF1A2, western blot 
experiments detect the phosphorylation levels of Akt and mTOR proteins, as well as the proliferation, invasion and migration related 
proteins downstream Akt/mTOR signaling pathway including c-Myc, p21, MMP2 and MMP9; *P<0.05. EEF1A2, Eukaryotic Translation 
Elongation Factor 1 Alpha 2; OS, osteosarcoma; Akt/mTOR, protein kinase B/mammalian target of rapamycin.

Figure 5 EEF1A2 promotes OS tumor growth in vivo. (A) volume growth curve of subcutaneous tumors in nude mice; (B) weight 
comparison of subcutaneous tumors in nude mice; *P<0.05. EEF1A2, Eukaryotic Translation Elongation Factor 1 Alpha 2; OS, 
osteosarcoma.

BA

BA

inhibits apoptosis and activates JAK/STAT in mouse  
plasmacytomas (19). We suspect that eEF1A2 may also 
facilitate OS tumorigenesis by activating these signaling 
pathways.
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