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ARTICLE INFO ABSTRACT

Keywords: Objective: N4-acetylcytidine (ac4C) acetylation can promote target gene expression through
ac4C acetylation improved mRNA stability. To explore the role of ac4C acetylation in osteosarcoma, U20S and
gATlO MG63 cell lines were treated with the N-acetyltransferase 10 (NAT10) inhibitor Remodelin.
a:l:gssaergoma Reverse transcription-polymerase chain reaction (RT-PCR) and Western blot were used to test the
FNTB gene gene and protein expression efficiency.

Methods: The proliferation rate of osteosarcoma cells was measured by a cell counting kit-8
(CCKB8) assay. The cell cycle and apoptosis were analyzed by flow cytometry. The invasiveness
of osteosarcoma cells was detected by a transwell invasion assay. The ac4C acetylation of target
genes was screened by acetylated RNA immunoprecipitation and sequencing (acRIP-seq).
Results: We found that when osteosarcoma cells were treated with Remodelin at the optimal
concentration, their NAT10 expression and the cell proliferation was inhibited, the cells in the G1
phase increased (P < 0.05) but those in the S phase decreased, the apoptotic cells in the early and
late stages increased, and the cells invasiveness decreased (P < 0.05).

Conclusions: The farnesyltransferase subunit beta gene (FNTB) was identified by acRIP-seq as one
of the target genes of ac4C acetylation and was further verified by RT-PCR and Western blot
analyses. Remodelin was demonstrated to reduce the stability and protein translation efficiency of
target gene mRNA in osteosarcoma cells. In conclusion, inhibition of ac4C acetylation in osteo-
sarcoma can block proliferation and metastasis as well as promote apoptosis and cell cycle arrest.
Ac4C acetylation contributes to the stability and protein translation efficiency of the downstream
target gene mRNA.

Abbreviations: ac4C, N4-acetylcytidine; NAT10, N-acetyltransferase 10; RT-PCR, Reverse transcription-polymerase chain reaction; CCK8, cell
counting kit-8; acRIP-seq, acetylated RNA immunoprecipitation and sequencing; FNTB, farnesyltransferase subunit beta gene; GO, gene ontology;
KEGG, Kyoto encyclopedia of genes and genomes; CDS, coding sequence; DMSO, dimethyl sulfoxide.
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1. Introduction

As one of the most common primary bone tumors, osteosarcoma is highly malignant. Its drug resistance, rapid invasion, and other
biological characteristics will ultimately lead to a poor prognosis. When surgery combined with chemotherapy is used as the primary
treatment plan, the five-year survival rate of patients with osteosarcoma is only 50-60% [1]. At present, chemotherapy incorporating
cisplatin, doxorubicin, methotrexate, and cyclophosphamide often cause serious side effects and leads to chemotherapy resistance [2].
In the current era of tumor-targeted therapy, there is still no ideal tumor-specific target for osteosarcoma, which greatly hinders its
disease management. Furthermore, after most patients with osteosarcoma receiving neoadjuvant chemotherapy, the resected tumors
frequently undergo transformation from severe necrosis to ossification [3]. Hence, the discovery of alternative treatment options is
critical. Recent research has found that noncoding RNA is closely involved in regulating the occurrence and development of osteo-
sarcoma; therefore, it has become an important marker and target for the diagnosis and treatment of osteosarcoma [4-6]. Further
research exploring the molecular mechanism of osteosarcoma regulation is thus essential for developing a new targeted therapy
strategy.

One of the most active research areas in biology in recent years has involved the elucidation of the structure and function of RNA
via post-transcriptional modification, including N6-methyladenosine (m6A), 5-methylcytosine (m5C), N1-methyladenosine (m1A),
and 7-methylguanosine (m7G) in eukaryotic mRNA. In addition, an increase of number studies have reported that post-transcriptional
acetylation of mRNA exhibits dynamic characteristics and takes part in a variety of RNA regulatory processes [7,8]. At present,
N4-acetylcytidine (ac4C) RNA acetylation, which is a new type of RNA acetylation, is another hot spot of epigenomics research after
m6A methylation [9,10]. Ac4C RNA acetylation is a conservative chemical modification that is under the action of an RNA
ac4C-modified enzyme. Early studies have revealed that this acetylation occurs on the serine and leucine residues of tRNA and
18SrRNA in eukaryotes, resulting in increased thermal stability of Watson-Crick base coordination with guanosine and coding ac-
curacy of regulation in protein synthesis. Recent studies have demonstrated that ac4C is widely distributed in the human tran-
scriptome, with the majority of instances occurring in the coding sequence (CDS), and promotes target gene expression through
improved mRNA stability and translation [11,12]. The latest research shows that ac4C acetylation is closely related to a variety of
tumors [13,14]. However, its role in osteosarcoma has not been studied. N-acetyltransferase 10 (NAT10) is a member of the N-terminal
acetyltransferase superfamily associated with the acetyltransferase general control nonrepressed 5 protein. Studies have confirmed
that NAT10-catalyzed nonhistone acetylation is widely involved in physiological and pathophysiological processes, including telo-
merase activity, rRNA synthesis, DNA damage repair, cell cycle, maintenance of mRNA stability, and regulation of translation effi-
ciency, and is closely related to cancer and nuclear laminopathy. Therefore, the identification of new targets for understanding the
pathogenesis and treatment of the aforementioned conditions [15-17] has become an important research topic. The structure of
NAT10 mainly includes an acetyltransferase domain, tRNA-binding domain, and RNA helicase domain [18,19].

Recent studies have found that ac4C, including tRNA, rRNA, and mRNA, are all catalyzed by NAT10, which requires acetyl-
coenzyme A to provide acetyl and ATP/GTP hydrolysis to provide energy [20,21]. In the present study, we found that down-
regulation of NAT10 in osteosarcoma cells can inhibit the acetylation of ac4C in osteosarcoma and further affect the biological
behavior of osteosarcoma cells. To the best of our knowledge, this is the first study to investigate the mechanism and target of ac4C
acetylation in osteosarcoma cells and to provide a new theoretical basis for the mechanism underlying the occurrence and progression
of osteosarcoma and the development of targeted therapies.

2. Materials and methods

Cell line and culture. The human osteosarcoma cell lines MG63 and U20S were purchased from the China Center for Type Culture
Collection (Wuhan, China). Cells were cultured in RPMI 1640 medium (KeyGEN Biotech, China) supplemented with 10% fetal bovine
serum (Gibco, USA). Cells were maintained at 37 °C in a humidified incubator containing 5% COx.

Main reagents. NAT10 antibodies, Remodelin hydrobromide, actinomycin D (ActD), and MG132 were purchased from (MCE,
China); related target gene antibodies were provided by Shanghai Jikai Genetics Co., Ltd. The routine reagents were provided by our
laboratory. Matrigel and Transwell chambers were bought from BD, Inc. (Franklin, USA). Acetylated RNA sequencing was provided by
Shanghai Jikai Genetics Co., Ltd.

Drug sensitivity test and concentration gradient test of the NAT10 inhibitor Remodelin. Our pilot study showed that the expression levels
of the NAT10 gene in the MG63 and U20S osteosarcoma cell lines were high and consistent. Remodelin is an effective and specific
NAT10 inhibitor [22]. In accordance with the 48-h half maximal inhibitory concentration (IC50) cytotoxicity test and the cell counting
kit-8 (CCK8) assay with the NAT10-specific inhibitor Remodelin, three concentrations of Remodelin were chosen to pretreat MG63 and
U20S cells, respectively. Western blot analysis was used to verify the inhibition efficiency of different concentrations of Remodelin on
NAT10 in osteosarcoma in order to determine the optimal inhibition concentration.

Western blot. MG63 and U20S cells were treated with the optimal concentration of Remodelin for 48 h, and the expression of NAT10
was detected by Western blot. MG63 and U20S cells were lysed in cold radioimmunoprecipitation assay lysis buffer containing
protease and phosphatase inhibitors. The concentration of extracted protein was measured by a BCA Protein Assay Kit. Cell lysates
were separated by Bis-Tris protein gels and transferred to methanol-soaked polyvinylidene difluoride membranes, which were blocked
by 5% nonfat milk, and immunoblotted with the appropriate primary antibodies and horseradish peroxidase-conjugated secondary
antibodies. An enhanced chemiluminescence detection system was used for protein band visualization. Tris-buffered saline with 0.1%
Tween-20 was used as the washing buffer for the entire procedure.

CCK8 assay. The two groups of cells in the logarithmic phase of growth were digested with trypsin, and then the cells were
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resuspended in complete culture medium and counted. The cell density was determined by the rate of cell growth (usually 4000 cells/
well and 100 pL per well). The assay was repeated in 3-5 wells for each group, and the number of plates was determined according to
the experimental design. In the experimental group, 500 pM Remodelin was added to the cells. There was no need to change the liquid
after the addition of 10 pL of CCK8 reagent to the well at 2-4 h before culture termination. The cell inhibition rate was calculated after
incubation for 48 h.

Cell cycle and apoptosis analyses. An apoptosis assay was performed. According to the manufacturer’s instructions, apoptotic cells in
each group were analyzed using an Annexin V-FITC/propidium iodide (PI) apoptosis double staining kit. The DNA content of the cells
was analyzed by flow cytometry, and the sub-G1 population was considered to represent apoptotic cells. The effect of NAT10 on the
proliferation of MG63 and U20S cells was studied using cell cycle analysis. Cells in each group were washed twice with phosphate-
buffered saline (PBS) and fixed with 75% cold ethanol before being stored at 4 °C for 24 h. The cells were washed with PBS after
removing the ethanol, followed by incubation for 30 min at 37 °C in PBS containing 0.5 mL of 50 mg/mL PI, 1 mL EDTA, 0.1% Triton X-
100, and 1 mg/mL RNase A. The stained cells were finally analyzed by flow cytometry. The experiment was repeated in triplicate.

Transwell invasion assay to detect the effect of ac4C acetylation on the invasiveness of osteosarcoma cells. The necessary number of
chambers were transferred to a new 24-well plate and placed in an aseptic console to return them to room temperature. The Matrigel
matrix layer was rehydrated by filling the upper and lower chambers with 500 pL of serum-free medium and placing it in an incubator
at 37 °C for 2 h. The serum-free cell suspension was prepared. Following rehydration of the Matrigel matrix layer, all chambers were
transferred to a new orifice plate, the upper chamber culture medium was carefully removed, 500 pL of cell suspension was added, and
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Fig. 1. Screening the best concentration of Remodelin for NAT10 inhibition by the 48-h chemosensitivity test and concentration gradient exper-
iment. (A) The 48-h drug sensitivity test of Remodelin in U20S osteosarcoma cells. (B) The 48-h drug sensitivity test of Remodelin in MG63 os-
teosarcoma cells. (C) At a concentration of 500 pM, the inhibition rate of U20S osteosarcoma cells was the highest (P < 0.05). (D) At a concentration
of 500 pM, the inhibition rate of MG63 osteosarcoma cells was the highest (P < 0.05).
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the cubicle was turned upside down on absorbent paper to remove the culture medium. The noninvasive cells in the chamber were
gently removed with a cotton swab. The chamber was soaked and washed several times before being air-dried after dripping 2-3 drops
of Giemsa staining solution onto the lower surface of the membrane, and the cells were stained for 35 min. For microscopic imaging,
the field of view was randomly selected in each chamber, and four photos at 100 x magnification and nine photos at 200 x
magnification were taken. The cells in the photos at 200 x magnification were counted, and the data were analyzed to compare the
difference in cell invasion ability between the experimental and the control groups. The experiment was repeated in triplicate.

RNA-seq analysis. Total RNA from osteosarcoma cells with or without Remodelin treatment was isolated using TRIzol reagent. Poly
(A)+ mRNA was subsequently purified from total RNA via a Dynabeads mRNA Purification Kit (61,006, Invitrogen) and then
sequenced on an Illumina NovaSeq 6000 platform by Epibiotek (Guangzhou, China). The reads were mapped to human genome
version 38 (GRCh38) with HISAT2 (v2.1.0) and then calculated using HT-seq (v0.7.2). Genes with a P value < 0.05 and fold change
>1.2 were considered to be differentially expressed. The online tool DAVID (www.david.niaid.nih.gov) was used to perform GO
enrichment and KEGG pathway analyses [23].

AcRIP-seq analysis. AcRIP-seq and subsequent data analyses were mainly supported by Epibiotek (Guangzhou, China). Total RNA
from osteosarcoma cells with Remodelin treatment or control osteosarcoma cells was extracted using TRIzol reagent, digested with
DNase I and fragmented into 100-200 nt oligonucleotides by RNA fragmentation reagents (ab252215, Ambion). After saving 50 ng of
fragmented RNA as the input, the remainder (150 pg) was used for RNA immunoprecipitation with ac4C antibody (Abcam). Ac4C
RNAs were immunoprecipitated with Dynabeads Protein G (10004D, Invitrogen) and recovered with HiPure cell miRNA (R4311-03,
Magen, Guangzhou, China). Ribosomal RNA was removed from input RNA and ac4C-enriched RNA samples. RNA sequencing libraries
for input RNA (RNA-seq) and ac4C-enriched RNA (acRIP-seq) were simultaneously constructed with the EpiTM mini longRNA-seq kit
(E1802, Epibiotek) and then deep sequenced on the Illumina NovaSeq 6000 using PE150 strategy with two independent biological
replicates. Reads were aligned to the human genome GRCh38/hg38 with HISAT2 software (v2.1.0). Then, ac4C peaks were identified
using the ExomePeak R package (v2.13.2). The differential ac4C peaks with fold change >2.0 and P value < 0.05 were selected [24].

Effect of ac4C acetylation on the stability of the target gene mRNA. ActD is an inhibitor of RNA synthesis that can be used to judge the
stability of the synthesized RNA by inhibiting the synthesis of new RNA. To explore the effect of ac4C acetylation on the stability of
mRNA, we treated two types of osteosarcoma cells with ActD for 10 min, 30 min, and 60 min. The relative expression of target gene
mRNA was measured by RT-PCR to reflect the effect of ac4C acetylation on the mRNA stability.

Effect of ac4C acetylation on target gene mRNA translation efficiency. MG132 is an inhibitor of proteasome degradation that can be
used to inhibit the degradation of translated proteins by blocking the proteasome degradation pathway and to judge the efficiency of
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Fig. 2. Western blot analysis verified the inhibitory effect of Remodelin on NAT10 in osteosarcoma cells. (A) The expression of NAT10 protein in
U20S osteosarcoma cells decreased significantly after the addition of 500 pM Remodelin (P < 0.05). (B) The expression of NAT10 protein in MG63
osteosarcoma cells decreased significantly after the addition of 500 pM Remodelin (P < 0.05).
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new protein translation synthesis. MG132 was incubated with osteosarcoma cells for 6 h and 18 h, respectively, after Remodelin
treatment. The protein expression of target gene mRNA was measured by Western blot, and the expression efficiency of the target gene
protein in the control group and experimental group was calculated.

Statistical analysis. SPSS version 13.0 for Windows was utilized for data analysis. All results were presented as the mean =+ standard
deviation. One-way analysis of variance, followed by Dunnett’s t-test and Student’s t-test, was used to examine the statistical difference
in the experimental data between groups. P < 0.05 was considered statistically significant.

3. Results

Screening the optimal concentration of Remodelin for NAT10 inhibition by the 48-h chemosensitivity test and concentration gradient
experiment. Based on the IC50 test and CCK8 results, we chose 3.96025 pM, 31.25 pM, and 500 pM as the concentrations of the NAT10-
specific inhibitor Remodelin for the 48-h chemosensitivity test in tumor cells (Fig. 1A and B). In U20S and MG63 osteosarcoma cells,
the concentration of Remodelin with the greatest inhibitory effect on NAT10 was 500 pM (P < 0.05) (Fig. 1C and D).

Western blot analysis verifies the inhibitory effect of Remodelin on NATI10 in osteosarcoma cells. U20S and MG63 osteosarcoma cells
were grown in the presence of 500 g/mL Remodelin. Compared to the control group, the expression of NAT10 protein was significantly
reduced in the experimental group (P < 0.05) (Fig. 2A and B).

Effects of ac4C acetylation on the proliferation of osteosarcoma cells. A CCK8 proliferation assay was used to determine the effect of
Remodelin on the proliferation of U20S and MG63 osteosarcoma cells. After the addition of CCK8 reagents, the proliferation of U20S
and MG63 osteosarcoma cells was inhibited by 33.9% and 29.8%, respectively. As a result, compared with the control group, the
proliferation of cells in the Remodelin treatment group was significantly inhibited (P < 0.05) (Fig. 3A and B).

Effects of ac4C acetylation on the cell cycle and apoptosis of osteosarcoma cells. To better understand the effect of ac4C acetylation on
osteosarcoma, we measured the cell cycle of osteosarcoma cells in the control and experimental groups. The results showed that
compared with the control group, in the treatment group, the proportions of U20S and MG63 cells in the G1 phase were increased, had
no significant change in the G2 phase, and were decreased in the S phase, suggesting that the main reason for the inhibition of os-
teosarcoma cell proliferation after ac4C acetylation inhibition is that the cell cycle stagnated in the G1 phase (Fig. 4A and B). The
results of the Annexin V-FITC/PI apoptosis double staining assay revealed that the early apoptosis and late apoptosis of osteosarcoma
cells were significantly increased following the inhibition of ac4C acetylation in the treatment group (P < 0.05) (Fig. 5A and B).

Effect of ac4C acetylation on the invasiveness of osteosarcoma cells. The invasiveness of cells in each group was detected by a Transwell
invasion assay. According to the findings, the number of U20S cells entering the invasion chamber in the treatment group was about
9% of that in the control group, while the number of MG63 cells entering the invasion chamber in the treatment group was about 48%
of that in the control group. Compared with the control group, the invasiveness of osteosarcoma cells decreased significantly after ac4C
acetylation inhibition in the treatment group (P < 0.05) (Fig. 6A and B).

Screening of target genes related to ac4C acetylation by acRIP-seq and bioinformatics analyses. AcRIP-seq of osteosarcoma cells showed
that there were 3621 different ac4C peaks between with and without Remodelin treatment, with the ac4C peaks primarily distributed
in the mRNA CDS region (Fig. 7A and B). The ac4C-modified genes and genes with altered RNA expression levels were analyzed to
identify key genes associated with disease phenotypes or experimental treatment conditions for future research. The association
analysis was divided into four categories: hyperacetylated-down (downregulation of hyperacetylated RNA levels); hyperacetylated-up
(upregulation of hyperacetylated RNA levels); hypoacetylated-down (downregulation of deacetylated RNA levels); and
hypoacetylated-up (upregulation of deacetylated RNA levels). 10 most up regulated and 10 most down regulated genes were labeled
(Fig. 8A-C). We identified five genes strongly associated with the downregulated deacetylated RNA levels: trafficking protein particle
complex subunit 3 (TRAPPC3), B-TFIID TATA-box binding protein associated factor 1 (BTAF1), Rap guanine nucleotide exchange
factor 6 (RAPGEF6), RAD9-HUS1-RADI interacting nuclear orphan 1 (RHNO1), and farnesyltransferase subunit beta (FNTB). RT-PCR
and Western blot analyses revealed that FNTB is one of the ac4C acetylation target genes (Fig. 9A-C).

40.0% 40.0%
U20Ss * % MG63
35.0% . 35.0% Kk
@ 30.0% g 30.0% 1
© 25.0% “_:_ 25.0%
c o
5 20.0% 5 20.0%
= e}
5 150% = 15.0%
< 10.0% £ 10.0%
5.0% 5.0%
0.0% x 0.0% I
5.0% CON Drug 5.0% CON Drug

Fig. 3. Effect of ac4C acetylation on osteosarcoma cell proliferation. (A) The proliferation of U20S osteosarcoma cells was significantly inhibited by
the addition of Remodelin. (B) The proliferation of MG63 osteosarcoma cells was significantly inhibited by the addition of Remodelin.
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Fig. 4. Effect of ac4C acetylation on the cell cycle of osteosarcoma cells. (A) In the treatment group, the number of U20S cells in the G1 phase was
increased, the number of cells in the G2 phase had no significant change, and the number of cells in the S phase was decreased (P < 0.05). (B) In the
treatment group, the number of MG63 cells in the G1 phase was increased, the number of cells in the G2 phase had no significant change, and the
number of cells in the S phase was decreased (P < 0.05).

Effect of ac4C acetylation on the stability of FNTB mRNA in osteosarcoma cells. After the cells in the control group and experimental
group were treated with ActD for 10 min, 30 min, and 60 min, respectively, we found that the mRNA level of FNTB in the control group
remained stable. The mRNA decline rate of FNTB, however, significantly increased after Remodelin treatment, indicating that the
mRNA stability of FNTB was compromised. As a result, inhibiting ac4C acetylation may significantly reduce the stability of FNTB
mRNA in osteosarcoma cells (Fig. 10A and B).

Effect of ac4C acetylation on FNTB translation efficiency in osteosarcoma cells. The cells in both the control and experimental groups
were treated with MG132 to observe the effect of ac4C acetylation on the translation efficiency of FNTB. The FNTB protein in U20S
and MG63 cells was slowly decreased in the control group, but it was significantly faster in the Remodelin treatment group, indicating
that the efficiency of new protein translation and synthesis was seriously compromised. Therefore, inhibition of ac4C acetylation could
significantly inhibit the translation efficiency of the target gene FNTB (Fig. 11A and B).

4. Discussion

RNA acetylation is a new addition to the expanding list of RNA chemical modifications that can regulate the structure and function
of RNA [25]. The presence of ac4C on tRNAs helps to improve the high fidelity of protein translation and preserve the heat tolerance of
organisms. The presence of ac4C on rRNA is a trait of thermophilic organisms and is also essential for precise protein translation.
Furthermore, ac4C acetylation of mRNA has different effects on the RNA structure and increases the mRNA stability and protein
translation efficiency; thus, it has biological functions in normal development and disease progression. The detection of ac4C acet-
ylation has clinical utility in tumor diagnosis, surgical treatment, and follow-up, and it is anticipated to become a new marker and a
new research focus in the field of cancer treatment [26-29]. However, there is a lack of research worldwide on its effect on the
biological behavior of osteosarcoma.

For the first time, we investigated the effect of ac4C acetylation on the oncological properties of osteosarcoma cells in this study.
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Fig. 5. Effect of ac4C acetylation on the apoptosis of osteosarcoma cells. (A) The early apoptosis and late apoptosis of U20S osteosarcoma cells were
significantly increased after inhibition of ac4C acetylation in the treatment group. (B) The early apoptosis and late apoptosis of MG63 osteosarcoma
cells were significantly increased after inhibition of ac4C acetylation in the treatment group.

The level of ac4C acetylation was downregulated using Remodelin to inhibit NAT10 expression, and the proliferation, migration, and
metastasis of osteosarcoma cells were inhibited, indicating that ac4C acetylation can affect the occurrence and development of os-
teosarcoma. Furthermore, using acRIP-seq and bioinformatics analysis, we identified five gene fragments and found that ac4C acet-
ylation mainly occurred in the CDS region of the downstream target mRNA. In our study, osteosarcoma cell U20S was analyzed by
acRIP-seq, combined with RNA-seq and differential acetylation data analysis, including differential Peak analysis and differential
ac4C gene GO/KEGG analysis and a series of bioinformatics correlation analysis, and the downstream target genes closely related to
ac4C acetylation were screened [30-32]. Results of RNA-seq were combined our own results with those reported by some previous
researchers. The FNTB gene was confirmed by RT-PCR and Western blot to be the downstream target gene of ac4C acetylation.
Additionally, it was demonstrated that the mechanism of ac4C acetylation in osteosarcoma involves improvement of the stability and
protein translation efficiency of the target gene’s mRNA in osteosarcoma cells, which is consistent with the most recent literature
reports from both Chinese and international sources [33,34].

An increasing number of studies have examined how ac4C and NAT10 regulate and affect the intrinsic and extrinsic characteristics
of tumors. For example, Zhang et al. have discovered that NAT10 is essential for the processes of gastric cancer metastasis and
epithelial-to-mesenchymal transition [35]. They also identified ac4C of the collagen type V alpha 1 chain (COL5A1) gene as a
biomarker of gastric cancer metastasis promotion. In another study, NAT10 was found to be highly expressed in bladder cancer. In
addition, acRIP-seq has demonstrated that ac4C modification on the target stimulates tumor proliferation, metastasis, and stemness in
bladder cancer. NAT10 also has been shown to contribute to proliferation and tumorigenesis in vivo through its effect on the acetylation
of downstream targets [36]. This study demonstrated that NAT10-mediated ac4C modification of target genes increases gene stability
and translation during the progression of bladder cancer. To investigate the influence of ac4C-related mRNA modification patterns on
the prognosis of hepatocellular carcinoma, researchers have developed an ac4C score model to represent ac4C-related mRNA modi-
fication patterns and stratified patients into high- and low-prognosis groups [37]. The high-prognosis group was associated with an
advanced tumor stage, a higher TP53 mutation rate, a higher tumor stemness, more activated DNA-repair system pathways, a lower
stromal score, a higher immune score, and higher infiltration of regulatory T cells. While patients in the low-prognosis group were
associated with an abundance of memory CD4 T cells, a less-aggressive immune subtype, and a long-lasting therapeutic advantage. In a
different bioinformatics study, Yang et al. examined the pan-cancer expression and correlations of NAT10 using Oncomine,
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Fig. 6. Ac4C acetylation increases the invasiveness of osteosarcoma cells. (A) The invasiveness of U20S osteosarcoma cells was significantly
decreased after the inhibition of ac4C acetylation in the treatment group (P < 0.05). (B) The invasiveness of MG63 osteosarcoma cells was
significantly decreased after the inhibition of ac4C acetylation in the treatment group (P < 0.05).
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(C) Western blots indicating that the expression of FNTB protein in U20S and MG63 osteosarcoma cells decreased significantly after the addition of

Remodelin (P < 0.05).
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Fig. 10. Effect of ac4C acetylation on the stability of FNTB mRNA in osteosarcoma cells. (A) After treatment with Remodelin and ActD, the
decrement rate of FNTB mRNA in U20S osteosarcoma cells increased significantly. (B) After treatment with Remodelin and ActD, the decrement rate
of FNTB mRNA in MG63 osteosarcoma cells increased significantly.

PrognoScan, GEPIA2, and Kaplan-Meier Plotter [38]. They revealed that a high NAT10 expression level was a significant predictor of a
poor prognosis for patients with adrenocortical carcinoma, head and neck squamous cell carcinoma, liver hepatocellular carcinoma,
kidney renal papillary cell carcinoma, pheochromocytoma, or paraganglioma. In addition, significant positive correlations were
observed between NAT10 expression and immune infiltrates. Collectively, these results confirm the central roles of ac4C mRNA
modification in the progression of cancer.

In summary, a thorough understanding of the relationships between osteosarcoma characteristics and ac4C modification patterns
will aid disease management and treatment. Increased levels of ac4C in urine, for example, have been linked to several different types
of cancer [39-41]. Whether the ac4C variant of FNTB might be used to predict the progression of osteosarcoma is an intriguing
question. On the other hand, our findings suggest that small-molecule inhibitors like Remodelin, which specifically targets NAT10,
might one day be used to treat osteosarcoma.

5. Conclusion
In conclusion, this study confirmed that inhibiting ac4C acetylation reduces osteosarcoma proliferation and metastasis as well as

promotes apoptosis and cell cycle arrest. Ac4C acetylation mainly occurs in the CDS region of the downstream target mRNA and plays a
role by affecting the stability and protein translation efficiency of the downstream target gene mRNA.
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