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Abstract: Osteosarcoma (0S) represents the most prevalent malignant bone tumor clinically, significantly impacting
the health and safety of patients. The exploration of molecular pathogenic mechanisms is deemed a breakthrough
for OS diagnosis and treatment. Within the GSE16088 dataset, a total of 1,948 differentially expressed genes
(DEGs) were identified, comprising 1,697 down-regulated and 251 up-regulated genes. Notably, only two DEGs were
associated with the response to trichostatin A: ARP2 actin-related protein 2 homolog (ACTR2) and MEF2C; ACTR2
garnered particular interest. Subsequently, 57 OS patients (research group) and 50 healthy controls from the same
period (control group) were selected for analysis. The expression of ACTR2 in peripheral blood in both groups, as
well as its levels in cancerous tissues and adjacent counterparts of OS patients, were evaluated, ascertaining the
correlation between ACTR2 and OS. OS cases exhibited lower levels of ACTR2 compared to controls (P<0.05), with
ACTR2 expression demonstrating a robust diagnostic capability for OS. Similarly, ACTR2 expression was diminished
in cancer tissues (P<0.05). A three-year prognostic follow-up was conducted to assess the prognostic value of
ACTR2 in OS patients. The follow-up findings revealed a significantly lower survival rate among patients with low
ACTR2 expression in contrast to those with high expression (P<0.05). In vitro studies involved the construction of ab-
normal expression vectors for ACTR2 and miR-374a-5p, which were transfected into human OS cells (U20S, SAOS).
The outcomes indicated that elevating ACTR2 or suppressing miR-374a-5p attenuated the proliferative, invasive,
and migratory capacities as well as the epithelial-mesenchymal transition (EMT) of OS cells while enhancing their
apoptosis. Conversely, upregulation of miR-374a-5p yielded opposing effects (P<0.05). The dual-luciferase reporter
(DLR) assay demonstrated that the fluorescence activity of ACTR2-WT was significantly inhibited by the miR-374a-
5p mimic sequence (P<0.05), confirming the presence of a targeted regulatory relationship between ACTR2 and
miR-374a-5p. These findings offer novel insights for future research directions in the diagnosis and treatment of OS.
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Introduction

Osteosarcoma (0S), presenting with bone and
joint pain and localized masses, is the most
common malignant bone tumor clinically [1].
According to the World Health Organization
(WHO) statistics, the incidence of OS is about 4
to 5 out of 1 million and is the most common
among teenagers, with approximately 60% of
OS patients under the age of 25 [2, 3]. Recent
years have witnessed the rising incidence of
0S. In 2020, the global number of new OS

cases exceeded 130,000, an increase of about
3.7 times compared to 2010 [4]. As with most
malignancies, radical surgery can usually lead
to an ideal prognosis in patients with early OS;
but for those with advanced OS, amputation is
needed to save patients’ lives, with the existing
treatment methods being difficult to completely
remove metastatic and infiltrating lesions [5].
According to statistics, the 5-year overall sur-
vival rate of advanced OS patients is below 30%
[6]. At present, the pathogenesis of OS has not
been fully defined. A relatively unified clinical

https://doi.org/10.62347/XMFC4884


http://www.ajcr.us
https://doi.org/10.62347/XMFC4884


Effects of ACTR2 on osteosarcoma

understanding is that a variety of carcinogens
act on normal cells for a long time, which leads
to the activation of proto-oncogenes and the
inability to timely repair the damaged DNA dur-
ing the process of replication and transcription,
affecting the cell cycle and making cancer cells
multiply without restriction and become can-
cerous [7]. Therefore, an in-depth understand-
ing of molecular changes and cell biological
behavior in the pathogenesis of OS may be-
come the key and breakthrough to conquer OS
in the future.

Genes are one of the key research areas in the
medical field due to their critical roles in many
life activities, such as dosage compensation,
epigenetic regulation, cell cycle regulation, and
cell differentiation modulation [8]. For malig-
nancies, genes can regulate a series of physio-
logical and pathological processes of the body
and cells through interacting with Deoxyribo
nucleic acids (DNAs), messenger Ribonucleic
acids (mRNAs), non-coding Ribonucleic acids
(ncRNAs), and proteins, and participate in mul-
tiple life activities like tumor growth, apoptosis,
and invasion [9]. In OS, due to the important
role they play, a variety of genes are also hail-
ed as the breakthrough of future OS diagnosis
and treatment research [10, 11]. Therefore, to
explore the pathogenesis of OS through a
genetic perspective, we screened differentially
expressed genes (DEGs) in OS through the GEO
database in an attempt to find a completely
new research direction. Among the results of
the analysis, ARP2 actin-related protein 2
homolog (ACTR2) caught our attention. This is
because ACTR2 is not only a potential DEG for
OS but also a key gene involved in trichostatin
A response. It is well-known that trichostatin A
is a histone deacetylase inhibitor that has been
discovered in recent years to help inhibit OS
cell growth and accelerate apoptosis [12, 13],
and has been touted as an important direction
for the clinical treatment of OS. Moreover, the
regulatory effect of ACTR2 on trichostatin A
also plays a potential significant role. However,
no study has yet confirmed the relationship
between ACTR2 and 0OS. Meanwhile, in the
studies published so far, ACTR2 is also consid-
ered to be one of the key genes for the expres-
sion of human immune characteristics [14],
while OS is a representative tumor with an
imbalanced immune microenvironment. Thus,
it is likely that ACTR2 have important potential
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significance for the development and progres-
sion of OS.

To verify our point of view, this study conducted
a preliminary analysis of the clinical signifi-
cance and mechanism of ACTR2 in OS, provid-
ing new reference for future OS diagnosis and
treatment and laying a foundation for the sub-
sequent research on ACTR2 and OS.

Data and methods
Data sources

The GSE16088 dataset (title: Gene expression
profiles of human osteosarcoma) was selected
for analysis from the PubMed GEO database
(https://www.ncbi.nim.nih.gov/). This dataset,
uploaded by Davis S et al., includes 14 OS tis-
sue samples and 6 normal tissue samples. The
data platform was GPL96 [HG-U133A] Affy-
metrix Human Genome U133A Array.

Data processing and DEG screening

The samples in the dataset were divided into a
normal tissue group and a tumor tissue group,
with P<0.05 and |Log?FC|>2 as the screening
criteria. The dataset was analyzed by the
GEO2R of the GEO database, after which the
volcano and heat maps were drawn.

Enrichment analysis

GO annotation and KEGG pathway enrichment
analyses of the integrated DEGs were per-
formed using the DAVID (The Database for
Annotation, Visualization and Integrated Dis-
covery) online analysis tool, and the results
with P<0.05 were included.

Patient data

From February 2019 to January 2020, 57 0S
patients (research group) admitted to our hos-
pital and 50 healthy controls (control group)
were selected as the research participants.
Ethical approval has been obtained from the
West China Hospital's Ethics Committee, as
well as informed consent from each subject.

Criteria for patient enrollment and exclusion

Research group: All patients (age >18) were
diagnosed with OS by pathological biopsy and
agreed to cooperate with the study, with com-
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Table 1. Primer sequences

Gene F(5-3) R (5-3)

ACTR2 CACCTGTGGGACTACACATTTG TGGTTGGGTTCATAGGAGGTTC
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGAT
miR-374a-5p GCGCGCTTATAATACAACCTGA GTGCAGGGTCCGAGGT

U6 CTCGCTTCGGCAGCACA AATCCCCTTCATGTCCTCTTTC

plete medical records; those with other tu-
mors, cardio-cerebrovascular diseases, immu-
nodeficiency, mental iliness, organ failure or
abnormality, estimated survival <3 months,
and history of surgery, chemoradiotherapy
before admission were excluded. Control group:
Subjects (age >18) who underwent routine
physical examination in our hospital, with com-
plete medical records, normal physical exami-
nation results, and no previous major medical
history were enrolled; the exclusion criteria are
the same as above.

Sampling

Fasting venous blood of all participants was
collected upon admission. In addition, OS
patients’ cancerous tissues and adjacent nor-
mal counterparts were obtained for subse-
quent detection with patients’ consent.

Polymerase chain reaction (PCR)

We isolated total RNA from the blood and tis-
sue samples (after grinding) as per the Trizol kit
(Thermo Fisher Scientific) instructions, verified
the purity using a UV spectrophotometer, and
reverse transcribed 2 pg of it into complemen-
tary Deoxyribo nucleic acid (cDNA) following kit
(Thermo Fisher Scientific) recommendations
for the amplification reaction. Subsequently,
the reaction system was prepared according to
the PCR kit (Thermo Fisher Scientific): 1 pL of
SYBR Green, 1 yL of each upstream and down-
stream primer, 1 yL of dNTP, 1 uL of Taq poly-
merase, 5 UL of cDNA, and 30 pL of ddH, 0, with
a total volume of 50 uL. The reaction was car-
ried out on a PCR instrument. The following
were the reaction conditions (40 cycles): 95°C
for 2 min, 95°C for 60 s, 58°C for 30 s,
and 72°C for 30 s. Relative gene expression
was calculated by 2227 Jiangsu Saisofei
Biotechnology Co. was commissioned to design
and construct the primer sequences (Table 1),
Glyceraldehyde-3-phosphate  dehydrogenase
(GAPDH) and U6 served as the internal refer-
ence of ACTR2 and miR-374a-5p, respectively.
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Prognostic follow-up

OS patients were followed up for 3 years in
the form of regular hospital reviews with an
interval not exceeding 3 months. The 3-year
survival was counted and the survival curve
was plotted.

Cell information

Human osteoblasts hFOB1.19 and human 0S
U20S and SAOS cells, all supplied by Beijing
BeNa Culture Collection, were cultured in sup-
porting media. The incubator was set at 37°C
with 5% CO,, and passage was performed when
the cell density reached 80%. PCR was respon-
sible for the determination of ACTR2 and miR-
374a-5p contents in hFOB1.19, U20S, and
SAOS.

Cell transfection

Guangzhou VectorBuilder Inc. was entrusted
to design and construct the abnormal expres-
sion vectors of ACTR2 and miR-374a-5p.
Subsequently, logarithmic-growth-phase U20S
and SAOS were inoculated into 6-well culture
plates (2 x 10°), and transfection was carried
out with LipofectamineTM2000 when the cell
fusion degree reached about 80%. RNA inter-
fering nonsense sequence (NC-ACTR2 group),
two ACTR2 overexpression vectors (we com-
missioned Guangzhou VectorBuilder Inc. to
design two ACTR2 aberrant expression vec-
tors, labeled el-ACTR2-1 and el-ACTR2-2, both
expression vectors elevated ACTR2 expression,
but the effect of el-ACTR2-1 on ACTR2 eleva-
tion was not as significant as that of el-ACTR2),
miR-374a-5p mimic sequence (5-CUUAUCAG-
GUUGUAUUAUAAUU-3’; miR-374a-5p-mim gro-
up), MiRNA negative control (5-UUCUCCGA-
ACGUGUCACGUTT-3’; miR-374a-5p-NC group),
and miR-374a-5p inhibitor sequence (5-UUA-
UAAUACAACCUGAUAAGUG-3’; miR-374a-5p-inh
group) were designed. Cells were collected 48
hours after the transfection, followed by PCR
and Western blot quantification of ACTR2 and
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miR-374a-5p to verify the transfection effi-
ciency.

Western blotting

Following total protein collection from each
group by using registers in probate association
(RIPA) lysate (Sigma-Aldrich) and protein con-
centration determination by the bicinchoninic
acid (BCA) (Sigma-Aldrich) method, the protein
samples were denatured at 100°C for 10 min-
utes. Then, 40 ug of protein samples was sepa-
rated by sodium dodecyl sulphate polyacryl-
amide gel electrophoresis (SDS-PAGE; Thermo
Fisher Scientific), sealed with 5% skim milk for
2 hours immediately after membrane trans-
fer, and immersed in ACTR2 (1:1,000, Ab-
cam), E-cadherin (1:1,000, Abcam), N-cadherin
(1:1,000, Abcam), vimentin (1:1,000, Abcam),
and GAPDH (1:2,000, Abcam). A secondary
antibody diluent (1:3,000, Abcam) was added
to culture at 37°C for 2 hours after incubation
at 4°C overnight. Finally, the protein bands
were quantitatively analyzed by Quantity One
software.

Target gene prediction analysis

The targeting relationship between ACTR2
and miR-374a-5p was analyzed through the
online target gene prediction website Encori
(URL: https://starbase.sysu.edu.cn/). Guang-
zhou Geneseed Biotech was entrusted to
construct wild-type (WT) and mutant (MUT)-
ACTR2 plasmids inserted with luciferase, which
were co-transfected into U20S and SAOS with
miR-374a-5p mimic sequence and miRNA NC,
respectively. Forty-eight hours later, fluores-
cence activities were measured as per the
dual-luciferase reporter (DLR) assay kit ins-
tructions.

3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-phe-
nytetrazoliumromide (MTT)

5 x 108 cells were inoculated into the wells of
a 96-well culture plate. Each group was pro-
vided with 4 duplicate wells. At O, 24, 48, and
72 hours, a well from each group was added
with MTT solution (20 pL) (Shanghai Qiyuan
Biotechnology Co., Ltd.). After discarding the
liquid in the wells, continuous culture (4 hours),
and the mix of additional 150 pyL of DMSO, the
optical density (OD) at 570 nm was read using
a microplate reader. Cell growth curves were
also drawn.
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Wound-healing assay

The cells (10 x 10° cells/mL) spread on a
24-well culture plate were added with 10% fe-
tal bovine serum-supplemented Roswell Park
Memorial Institute (RPMI) 1640 for 24 hours of
cultivation. The monolayer cells were scratched
vertically with a 10 pL pipette tip, rinsed with
phosphate-buffered solution (PBS), and incu-
bated for 24 hours. Following the sucking off of
the culture solution, cells were observed and
photographed with an inverted microscope,
and the cell mobility was calculated. Cell mobil-
ity = (initial scratch area - final scratch area)/
initial scratch area x 100%.

Transwell

The Matrigel, diluted at a ratio of 1:8, was
applied to the upper Transwell chamber (Sigma-
Aldrich) and allowed to solidify at 4°C. Following
adjustment of cell density to 1 x 10° cells/mL
and inoculation into the lower chamber, a cul-
ture medium supplemented with 10% fetal
bovine serum was added for a 24-hour incuba-
tion period. Subsequently, upon removal of the
chamber, non-penetrating cells were removed,
fixed, and stained with crystal violet for 20 min-
utes to facilitate observation, counting, and
microscopic imaging.

Flow cytometry (FCM)

Cells were washed with PBS and digested by
adding ethylene diamine tetraacetic acid
(EDTA)-free trypsin. Then, 100 L of cell sus-
pension (5 x 10° cells/mL) was taken after
resuspension in PBS and placed in a clean cen-
trifuge tube. Next, 5 pyL of Annexin V-fluorescein
isothiocyanate (FITC) and propidium iodide (PI)
reagent (Abcam) were added sequentially,
mixed well, and incubated for 15 minutes at
room temperature with protection from light.
The apoptosis rate was detected by a flow
cytometer.

Animal information

Fifteen healthy BALB/c nude mice of SPF grade
were purchased from Beijing Zhidao Biotech-
nology Co., Ltd. [SYXK (Beijing) 2022-0038],
with a body mass of 18-20 g. The animals were
fed for 1 week in an environment of (25+2)°C,
humidity (50+10)%, 12 h/12 h day/night alter-
nation, and free feeding and drinking.
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Nude mice tumorigenesis experiment

The mice were randomly assigned to three
groups (n=5 each). U20S cells of the NC-ACTR2,
el-ACTR2-1, and el-ACTR2-2 groups were resus-
pended in PBS. Subsequently, 500 uL (1 x 107
cells/mL) of cells were aspirated and subcuta-
neously injected into the right axilla of the mice,
followed by ongoing feeding. After 7 days, all
mice were humanely euthanized via cervical
dislocation, and intact subcutaneous tumor tis-
sue was excised. Tumor growth was monitored,
and both volume and weight were measured.
Volume = length x width x height x /6.

Endpoints

ACTR2 expression in OS and its significance in
OS occurrence and prognosis were discussed.
In addition, the potential downstream target
genes of ACTR2 and the influences of ACTR2
and miR-374a-5p abnormal expression on OS
cells were observed to confirm the mechanism
and action pathway of ACTR2 in OS.

Statistical analysis

This study used SPSS24.0 software (IBM) for
statistical analysis. Count data, such as sub-
jects’ sex and family history, were represented
by [n (%)], and comparative analysis was per-
formed by the chi-square test. ACTR2 and miR-
374a-5p levels and other quantitative data
were represented by (Xzs); the comparisons
between two groups were carried out using
independent samples t-tests, and comparisons
between consecutive time points and multiple
groups were analyzed using analysis of vari-
ance plus Least-significant difference (LSD)
intra-group test. Diagnostic value was analyzed
by receiver operating characteristic (ROC)
curves. The Kaplan-Meier method and Log-
rank test were adopted for the calculation and
comparison of the survival rate, respectively.
The prognostic impact of ACTR2 on OS pa-
tients was analyzed using COX regression.
Correlations were analyzed by Pearson correla-
tion coefficients. A significance level of P<0.05
was set for all analyses.

Results
DEG screening

In the GSE16088 dataset, we identified a total
of 1,948 DEGs, of which 1,697 were down-reg-

4069

ulated and 251 were up-regulated (Figure 1A).
The expression of DEGs is shown in Figure 1B
(due to the large number of DEGs, we only
chose the top 50 genes for display; the com-
plete DEG heatmap is available in Supple-
mentary Material). In the GO analysis, there
were 2,666 keywords with FDR<1 and P<0.05,
among which the keywords involving the most
differential genes were RNA biosynthetic pro-
cess regulation of transcription, DNA-templated
bounding membrane of organelle, etc. (Figure
1C). In contrast, KEGG analysis showed that
the keywords involving the most differential
genes included Proteasome, Protein process-
ing in endoplasmic reticulum, RNA transport,
etc. (Figure 1D). Among them, there were only
2 DEGs involving response to trichostatin A,
ACTR2, and MEF2C.

Comparison of clinical baseline data between
research group and control group

No marked differences were identified between
the research and control groups when compar-
ing their age, sex, family history, and other
baseline data (P>0.05, Table 2), which indi-
cates that the two groups are comparable.

Expression and clinical significance of ACTR2
in OS

OS patients had lower ACTR2 mRNA levels than
healthy controls (P<0.05, Figure 2A). According
to ROC results, when peripheral blood ACTR2
mRNA was less than 2.17, with sensitivity and
specificity for diagnosing OS being 78.95%
and 78.00%, respectively (P<0.05, Figure 2B).
Similarly, we identified lower ACTR2 mRNA in
cancer tissues of OS patients versus adjacent
tissues (P<0.05, Figure 2C). Moreover, Pearson
correlation coefficients showed a significant
positive connection between ACTR2 mRNA in
cancer tissues with that in peripheral blood in
OS patients (P<0.05, Figure 2D).

Correlation of ACTR2 with OS patients’ clinico-
pathological features

Peripheral blood ACTR2 mRNA had no obvious
relationship with the sex and age of OS patients
(P>0.05); however, ACTR2 mRNA expression
was significantly lower in stage Ill patients and
those with a tumor diameter >5 cm (P<0.05),
indicating that ACTR2 mRNA expression is
closely related to the malignant progression of
OS (Table 3).
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Figure 1. Results of DEG screening. A: DEGs in the GSE16088 dataset. B: Heatmap of the expression of DEGs (full
heatmap in Supplementary Material). C: Results of the GO analysis of DEGs. D: Results of the KEGG analysis of
DEGs.

Table 2. Clinical baseline data

Group Control group (n=50) Research group (n=57) t (or x?) P
Age 63.66+4.04 64.07+6.31 0.394 0.695
Male/Female 34/16 35/22 0.506 0.477
Family history of OS 0.992 0.319
Yes/No 2/48 5/52
Smoking 0.794 0.373
Yes/No 22/28 30/27
Pathological Staging - -
171/ - 22/21/14
Diameter of the tumor - -
<5cm/=5cm - 39/18
A * B
5 100
- : .
<Zt 4 4 . 1 80
z . 3
£ 37 o 'S 60
o~ “3e =
g 2 aH ik § 40-
< 4- THNT o]
1 i 204 AUC=0.8153
H e 95%CI=0.7338 to 0.8967
0 T T 0+ T T T T
Control Research 0 20 40 60 80 100
100% - Specificity%
C * D
4 w
S 2.0
0
< 34 . <
4 8
E
S 27 £
o e 2
< 11 __;.,..g.;L.J £
1M o
e o r=0.7543
0 T T 2 0.0 T T T T 1

0 1 2 3 4 5
ACTR2 mRNA in blood

Paracancerous Carcinoma

Figure 2. Expression and clinical significance of ACTR2 in 0S. A: Comparison of ACTR2 mRNA expression levels in
peripheral blood between research and control groups. *P<0.05. B: ROC curve of ACTR2 mRNA for diagnosis of OS.
C: Comparison of ACTR2 mRNA expression levels between cancer and paraneoplastic tissues. *P<0.05. D: Correla-
tion of ACTR2 mRNA expression levels in peripheral blood and in cancer tissues in the research group.
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Table 3. Correlation of ACTR2 with OS patients’ clinicopathological features

Clinicopathological features n ACTR2 mRNA t(orF) P
Age <64 30 1.68+0.78 0.457 0.650
>64 27 1.76+£0.67
Sex Male 35 1.68+0.71 0.508 0.614
Female 22 1.78+0.77
Family history of OS Yes 5 1.60+0.35 0.363 0.718
No 52 1.73+0.75
Smoking Yes 30 1.82+0.63 1.098 0.277
No 27 1.61+0.82
Pathological Staging | 22 2.31+0.63 28.900 <0.001
Il 21 1.57+0.40"

1 14 1.01+0.45"#
Diameter of the tumor <5cm 39 1.92+0.71 3.484 0.001
>5cm 18 1.27+0.53
Note: “P<0.05 compared with stage |, #P<0.05 compared with stage II.
A 5 * B C
100 ‘_;‘ 100+
% 47 s 80- %
£ = 5 g
< 14 * 20 AUG=0.8284 § — High expression
0 0 : 535%C|=0I.7011 to|0.9557 o 01— Low efpression : .
0 20 40 60 80 100 0 12 24 36
100% - Specificity% Months

Figure 3. Prognostic significance of ACTR2 in OS. A: Comparison of the expression levels of ACTR2 mRNA in dead
and surviving patients. B: ROC curves of ACTR2 mRNA for prognostic death of OS patients. C: Prognostic 3-year
survival curves for the ACTR2 mRNA high expression group and the ACTR2 mRNA low expression group. *P<0.05.

Table 4. COX analysis of ACTR2 affecting prognostic mortality in OS patients

B S.E.

Wald x? P OR 95% Cl

ACTR2 mRNA 1.642 -0.672

12.642 <0.001 0.672 0.471-1.662

Note: B, regression coefficient; S.E., standard error; OR, odds ratio; 95% Cl, 95% confidence interval.

Prognostic significance of ACTR2 in OS

In the follow-up, 54 OS patients were success-
fully tracked, of which 10 patients died, with an
overall 3-year mortality of 18.52%. According to
the statistical analysis, the dead patients had
lower ACTR2 mRNA levels than the surviving
patients (P<0.05, Figure 3A). As indicated by
ROC analysis, the sensitivity and specificity of
ACTR2 mRNA in predicting the 3-year death of
patients were 90.00% and 77.27%, respective-
ly, when its peripheral blood level was less than
1.25 (P<0.05, Figure 3B). We further grouped
OS patients as high (n=35) and lower (n=19)
expression groups based on ACTR2 mRNA cut-
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off. The survival rate was found to be statisti-
cally lower in the low versus the high expres-
sion group after analyzing the prognostic sur-
vival curves (P<0.05, Figure 3C). Using COX
analysis, we found that ACTR2 mRNA was a
relevant factor influencing the prognostic mor-
tality in OS patients (P<0.001, OR=0.672). That
is, the lower the ACTR2 mRNA, the higher the
risk of prognostic death in OS patients (Table
4).

ACTR2 in cells

U20S and SAOS also had lower ACTR2 mRNA
levels than hFOB1.19 (P<0.05, Figure 4A).
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Figure 4. ACTR2 in cells. A: Comparison of ACTR2 mRNA expression in U20S, SAOS, and hFOB1.19. *P<0.05. B:
Comparison of ACTR2 mRNA expression levels after transfection with ACTR2 aberrant expression vectors (by PCR).
C: Comparison of ACTR2 protein expression levels after transfection with ACTR2 aberrant expression vectors (by
Western blot). vs. NC-ACTR2 group, *P<0.05, vs. el-ACTR2-1 group, #P<0.05.

After transfection, ACTR2 mRNA was found to
be higher in the el-ACTR2-1 and el-ACTR2-2
groups than in the NC-ACTR2 group, confirming
successful transfection. Among them, the
ACTR2 mRNA of the el-ACTR2-2 group was high-
er than that of the el-ACTR2-1 group (P<0.05,
Figure 4B). The results of Western blot were
consistent with PCR, i.e., ACTR2 protein expres-
sion was highest in the el-ACTR2-2 group, fol-
lowed by the el-ACTR2-1 group, and lowest in
the nc-ACTR2 group (P<0.05, Figure 4C), indi-
cating that the effect of elevating ACTR2 mRNA
expression was more significant in the el-
ACTR2-2 group.

Influence of ACTR2 on the biological behavior
of U20S and SAOS

In the MTT assay, the cell growth ability of the
el-ACTR2-1 and el-ACTR2-2 groups was signifi-
cantly weakened compared with the NC-ACTR2
group (P<0.05, Figure 5A). The results of the
wound healing assay, on the other hand,
showed that the migration rate of the NC-ACTR2
group was the highest among the three groups
(P<0.05). In U20S, the migration rate of the el-
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ACTR2-1 group was higher than that of the el-
ACTR2-2 group (P<0.05); in SAQS, there was no
difference in the migration rate between the
el-ACTR2-1 and el-ACTR2-2 groups (P>0.05,
Figure 5B). Similarly, the number of invading
cells in the NC-ACTR2 group was higher com-
pared with the other two groups, while that in
the el-ACTR2-2 group was lower versus the el-
ACTR2-1 group (P<0.05, Figure 5C). Finally, the
detection results of the apoptosis rate showed
that the el-ACTR2-2 group had the highest
apoptosis rate, while the NC-ACTR2 group had
the lowest (P<0.05, Figure 5D).

Prediction of ACTR2’s target genes

In ENCORI, ACTR2 had 323 potential down-
stream target genes. See Figure 6A for the
binding complementary sites of miR-374a-5p
and ACTR2. Similarly, the detection of miR-
374a-5p expression in cells showed significant-
ly increased miR-374a-5p in U20S and SAOS
(P<0.05, Figure 6B). After transfection with
miR-374a-5p abnormal expression sequences,
the miR-374a-5p-mim group had higher miR-
374a-5p levels than the other two groups, while
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the miR-374a-5p-inh group had lower miR-
374a-5p expression than the miR-374a-5p-NC
group (P<0.05, Figure 6C). As shown by the
DLR assay, the fluorescence activity of ACTR2-
WT was significantly decreased after transfec-
tion with miR-374a-5p-mim compared with
miR-374a-5p-NC transfection (P<0.05), while
that of ACTR2-MUT remained unchanged
(P>0.05, Figure 6D). Finally, after transfection
with ACTR2 abnormal expression vectors, it
was seen that miR-374a-5p was lower in the el-
ACTR2-1 and el-ACTR2-2 groups than in the
NC-ACTR2 group (P<0.05, Figure 6E).

Impacts of miR-374a-5p on the biological be-
haviors of U20S and SAOS

After transfection with miR-374a-5p abnormal
expression vectors, the cell growth ability was
significantly increased in the miR-374a-5p-mim
group, but it was decreased in the miR-374a-
5p-inh group (P<0.05, Figure 7A). Similarly, cell
mobility and invasion counts were markedly
higher in the miR-374a-5p-mim group versus
the miR-374a-5p-NC and miR-374a-5p-inh
groups, while those in the miR-374a-5p-inh
group were lower compared with the miR-374a-
5p-NC group (Figure 7B, 7C). Finally, the apop-
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tosis rate was the highest in the miR-374a-5p-
inh group and the lowest in the miR-374a-5p-
mim group, with statistical significance (P<0.05,
Figure 7D).

Impacts of ACTR2 and miR-374a-5p on epithe-
lial-mesenchymal transition (EMT) in OS cells

The detection results of EMT marker proteins
showed that N-cadherin and vimentin protein
levels were reduced, while E-cadherin protein
increased in the ACTR2-el-1 and ACTR2-el-2
groups (P<0.05, Figure 8A). The miR-374a-5p-
mim group showed higher N-cadherin and
vimentin and lower E-cadherin protein levels
than the miR-374a-5p-inh and miR-374a-5p-
NC groups (P<0.05); compared with those in
the miR-374a-5p-NC group, N-cadherin and
vimentin were lower and E-cadherin was higher
in the miR-374a-5p-inh group (P<0.05, Figure
8B).

Effect of ACTR2 on tumor growth

Finally, observation of the growth of subcutane-
ous tumors in the three groups of mice showed
that the tumor volume and weight of the mice in
the NC-ACTR2 group were the highest among
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the three groups, while those in the el-ACTR2-2
group were lower compared with the el-ACTR2-1
group (P<0.05, Figure 9A-C).

Discussion

0S, as a high-risk malighant tumor, has the
characteristics of strong concealment, rapid
development, and poor prognosis, causing a
great negative impact on patients’ health and
life safety [15]. In recent years, the role of
genes in malignancies has gradually received
growing clinical attention, and they are also
hailed as a breakthrough in future diagnosis
and treatment of tumor diseases [16]. This
study found that ACTR2 had obvious abnor-
mal expression in OS and participated in its
malignant progression, which has important
reference significance for OS diagnosis and
treatment.

First, through the raw data analysis, we identi-
fied a total of 1,948 DEGs in OS (in the pre-
preparation of the study, we tried to use
|Log?FC|>1 as the screening criterion, and
obtained more than 10,000 DEGs. To ob-
tain DEGs with a more significant difference
among them, we set the screening criterion to
|Log?FC|>2 in the current study). Through
enrichment analysis, it was found that the
main biological behaviors involved in these
DEGs included RNA biosynthetic process regu-
lation of transcription, DNA-templated bound-
ing membrane of organelle, Proteasome,
Protein processing in endoplasmic reticulum,
RNA transport, and so on. Among them, there
were only two DEGs involving response to
trichostatin A, ACTR2, and MEF2C, which drew
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our attention. As mentioned above, trichostatin
A'is a recently discovered novel potential thera-
peutic option for OS [17]. MEF2C has been
shown to have an effect on OS in previous stud-
ies [18, 19]. In these studies, they found that
IncRNA KLF3-AS1 inhibited OS growth by silenc-
ing the miR-338-3p/MEF2C axis, so we focused
our study on ACTR2. In our analysis, ACTR2 was
downregulated in OS, but there are no clinical
studies to confirm this. Therefore, our first task
is to confirm the expression profile of ACTR2 in
OS patients. In OS patients, we observed a sig-
nificant reduction in ACTR2 expression, which
is also consistent with the results of the raw
data analysis described above. In addition,
ACTR2 was significantly under-expressed in 0S
tissues, consistent with its expression in the
peripheral blood of OS patients, supporting the
above experimental results. Considering that
the collection and preservation of blood sam-
ples are convenient and have higher clinical
application value, we conducted a follow-up
analysis based on peripheral blood ACTR2 lev-
els. The results indicated that ACTR2 not only
showed excellent diagnostic effects on 0S
occurrence, but also had a close relationship
with the pathological staging of OS. Therefore,
ACTR2 also has the potential to be an index for
evaluating the condition of OS. This is of great
clinical significance for OS, which still lacks reli-
able early markers and objective quantitative
evaluation indicators. We believe that in the
future, the detection of ACTR2 expression may
effectively improve the early diagnosis rate of
OS and provide a more reliable assessment for
the prognosis of patients. Furthermore, in the
prognosis analysis, we identified a close con-
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nection between ACTR2 and patient prognosis,
as well as the excellent predictive value of
ACTR2 for the prognostic death of OS, which
further validates our idea and demonstrates
the important potential significance of ACTR2
in 0S. However, in the study of Chen et al.,
ACTR2 was highly expressed in lymphomas
[20], which is inconsistent with our findings,
suggesting that ACTR2 may exert different bio-
logical effects in different diseases.

Therefore, to further characterize the mecha-
nism of ACTR2’s effect on OS, we validated the
role of ACTR2 in OS by in vitro experiments.
First of all, ACTR2 showed obvious low expres-
sion in U20S and SAOS cells in 0S, which is
in line with the above experimental results.
Subsequently, we intervened in OS cells using
two vectors that elevated the expression of
ACTR2, with the aim of observing whether there
were differences in the biological behavior of
OS under different expressions of ACTR2. The
biological behavior tests revealed that the pro-
liferative, migrating, and invasive capacities of
OS cells decreased significantly after increas-
ing ACTR2. This result is also consistent with
the previous research results [21]. It suggests
that elevating ACTR2 expression can reverse
the progression of 0S, and this reversal effect
becomes more pronounced with higher ACTR2
expression. Based on the above, we can initial-
ly understand the mechanism of ACTR2 in OS,
which can lay a reliable foundation for the sub-
sequent molecular targeted therapy for ACTR2.

Genes can affect cell biological behavior by
binding with DNAs, mRNAs, ncRNAs, etc.,
among which microRNAs are one of the most
concerned pathways in the current clinical
practice [22]. To further understand the influ-
ence of ACTR2 on OS, we screened its potential
downstream microRNAs in the online target
gene database, among which miR-374a-5p
caught our attention. In a previous study, Lian
et al. found that miR-374a-5p was closely relat-
ed to the histological subtypes of OS, which
was expected to be a biomarker of OS [23].
Hence, we suspect that the influence of ACTR2
on OS may be carried out through miR-374a-
5p. Therefore, we also detected miR-374a-5p
in cells and found that it was highly expressed.
Furthermore, in the DLR assay, the fluores-
cence activity of ACTR2-WT was obviously
inhibited by the miR-374a-5p mimic sequence.
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After increasing ACTR2 levels, miR-374a-5p
expression in OS cells decreased, indicating
the presence of an obvious targeting relation-
ship between them. Moreover, in vitro, silencing
miR-374a-5p contributed to decreased 0S
activity, while increasing its expression promot-
ed OS growth, which confirms our conjecture. It
shows that the highly expressed miR-374a-5p
also promotes the malignant development of
OS and that miR-374a-5p is targeted and regu-
lated by ACTR2. Previous studies have also
shown the influence of miR-374a-5p on non-
small cell lung cancer, gastric cancer, and other
malignant tumors [24, 25], so miR-374a-5p
may only be one of the action pathways of
ACTR2, rather than the only one.

0OS is a malignant and invasive tumor, and the
EMT of OS cells is also one of the key points
worthies of our attention because EMT directly
determines the invasion and metastasis ability
of cells [26, 27]. The detection results of EMT
marker proteins revealed that increasing ACTR2
or silencing miR-374a-5p inhibited the EMT
progress, while the reverse was true when
miR-374a-5p was increased. This is also con-
sistent with the results of the above-mentioned
Transwell and wound-healing assays, which fur-
ther help us to understand the influence mech-
anism of ACTR2 on 0S, that is, the regulation of
the EMT process.

Finally, in the tumorigenic assay in nude mice,
we also saw significantly enhanced tumor
growth in the NC-ACTR2 group and the lowest
in the el-ACTR2-2 group, which validated the
inhibitory effect of elevated ACTR2 expression
on OS, suggesting that future molecular thera-
peutic pathways by targeting elevated ACTR2
expression may be a new direction for OS
treatment.

All in all, ACTR2 is lowly expressed in OS and
shows an excellent evaluation effect on the
occurrence of OS and the prognostic death of
patients. As ACTR2 expression elevates, the
activity of OS cells are significantly inhibited,
and its effect is related to the mediation of the
effect via targeted regulation of miR-374a-5p.
Understanding the role of ACTR2 in OS may pro-
vide a new research direction and reference for
future diagnosis and treatment of OS.

However, this study still has some shortcom-
ings. For instance, the limited clinical cases
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may lead to a low representativeness of the
test results. Besides, the included OS patients
were of different stages, which may also affect
the reliability of the experimental results regard-
ing the influence of ACTR2 on the early evalua-
tion of OS. Therefore, we need to conduct more
experiments for further research. For example,
rescue experiments can be carried out to vali-
date the targeted regulation of ACTR2 on miR-
374a-5p. In the follow-up, we will further study
the role of ACTR2 in OS to provide a more reli-
able reference for clinical practice.
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