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Abstract

Background
Lysine acetylation (Kac) favors gene transcription and activates various genes involved in the regulation
of oncogenesis, whereas the acetylation pro�ling of oral squamous cell carcinoma (OSCC) is unknown.
We performed lysine acetylation analyses to achieve a comprehensive pro�le and revealed the speci�c
pathogenesis in patients with OSCC.

Methods
Liquid chromatography − tandem mass spectrometry (LC-MS/MS) was utilized to investigate lysine
acetylation features of tumor tissues and adjacent normal tissues from 9 patients with OCSS.

Results
Among the upregulated different acetylation proteins (DAPs), the biological process of GO analysis was
closely related to cellular response to regulation of apoptotic process, and regulation of programmed cell
death. KEGG enrichment analysis was associated with HIF-1 signaling pathway, ferroptosis, and JAK-
STAT signaling pathway. In PPI network, seven differently Kac proteins (SRSF1, HNPNPM, PRPF8, DHX9,
DHX15, RBMX, SNRPG) in MCODE1 and the top 30 hub gene involved in mRNA splicing process and
spliceosome pathway. Six differently Kac modi�ed proteins of RPS15A, RPL11, RPS11, RPS3, RPL24,
RPL19 in MCODE1 was enriched in ribosome pathway, particular lower expression of RPS3, RPL24 and
RPL19 were related to the overall survival of OSCC.

Conclusion
This study contributes a foundation for understanding the functions of Kac modi�cation in OSCC and
investigates lysine acetylation on proteins involved in ribosome pathway, particularly the ones that acted
as hub genes and related to the OSCC survival, which may be a potential therapeutic direction of OSCC in
the future.

Background
Oral squamous cell carcinoma (OSCC) arising from oral mucosal epithelium is the most common type of
head and neck malignant tumor. It is the eighth most common type of cancer around the world [1]. OSCC
has the characteristics of a high morbidity and mortality rate. It is known as a topically invasive tumor
and has a recurrence rate of 18–76% even if appropriate treatment is performed[2]. Early diagnosis and
effective therapies for OSCC are urgently needed. We utilise bioinformatics analyses to explore the
pathogenesis and potential therapeutic direction of OSCC.
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With the wide application of sequencing technology, more than 400 types of posttranslational
modi�cation (PTMs) have been identi�ed, including the classic acetylation and novel crotonylation and 2-
hydroxyisobutyrylation, etc.[3–5]. As reversibly chemical modi�cations of a target protein, PTMs are
closely associated with numerous biological processes, including gene transcription, cell apoptosis, and
cancer cell proliferation [6–8]. It has been reported lysine acetylation is closely related to cancer[8].
Acetylation of lysine is the most important PTM on histone and has a tight relationship with transcription,
chromatin architecture, and DNA repair. It is reported that histone acetylation neutralizes the positive
charge of lysine residues, promotes relaxation of the chromatin conformation favoring gene transcription
and activates a variety of genes involved in the regulation of oncogenesis [9, 10]. Chromatin acetylation
induces cellular differentiation, restricts cellular transformation[11], and promotes cell proliferation and
invasion in OSCC[12]. Histone deacetylase (HDAC) inhibitors induce to decreased number of cancer stem
cells by up-regulating histone acetylation state and results in inhibition of clonogenic sphere
formation[13]. It is known that HDAC inhibitors are the �rst kind of epigenetic-related drug that have great
potential in cancer treatment, especially in anti-tumor treatment in head and neck cancer [14].

Though the lysine acetylation of histones is closely related to the development of OCSS, the acetylome
atlases in OCSS and adjacent normal tissues are unknown, which hampers the understanding of
acetylation role in OCSS pathology. Our study performed liquid LC-MS/MS methods to investigate lysine
acetylation features in OCSS tissues and adjacent normal tissues.

Methods

Sample Preparation
Surgical tissue samples were obtained from 9 patients with OSCC diagnosed at Shenzhen People’s
Hospital from 2019 to 2020. The tumor tissues were taken from the surgical resection of OSCC primary
tumors. The paired samples were taken from adjacent normal tissues. Nine paired healthy and OSCC
tissue samples were immediately frozen at − 196°C and then stored at -80℃. Informed consent was
signed from each participant. The study was agreed by the Clinical Research Ethics Committee of the
Shenzhen People’s Hospital.

Protein Extraction and Trypsin Digestion
The method to extract the protein and was trypsin digestion referenced to our previous research[15].
Brie�y, every tissue was grinded into cell powder and mixed with four volumes of lysis buffer (8 M urea,
1% Triton X-100, 3 µM TSA, 50 mM NAM, and 1% Protease Inhibitor). Each protein sample was broken by
ultrasonic exposure thrice (Scientz). Protein concentration was determined according to the
manufacturer’s instructions. Before trypsinization, all protein samples were diluted for to a �nal urea
concentration less than 2M. Then the sample was trypsinized for the �rst digestion overnight and second
digestion with 4h.

TMT
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Results

Baseline Clinical Features

After trypsin digestion, the peptide was performed by desalination with Strata X C18 SPE column
(Phenomenex, Torrance, CA) and then vacuum drying. Subsequently, reconstituted the peptides and
processed with a TMT label.

A�nity Enrichment, LC-MS/MS Analysis and Database
Search
Before Kac enrichment, anti-Kac beads (PTM Bio) were washed with PBS twice. Dissolved the tryptic
peptides in IP solution (100 mM NaCl, 50 mM Tris-HCl, 1 mM EDTA, 0.5% NP-40, pH 8.0) and incubated
with antibody beads by gentle shaking at 4°C overnight. Washed the beads with NETN buffer four times
and with ddH2O twice. Remove the bound peptides from the beads with 0.1% tri�uoroacetic acid for LC-
MS/MS analysis. The methods and steps of LC-MS/MS analysis and database search referred to our
previous research [15].

Bioinformatic Analyses
A quantitative Kac-proteomic method to examine lysine acetylation modi�cation degree between the
OSCC tissues and paired adjacent normal tissues were utilised, excluding the impact of the
corresponding protein expression [16]. Proteins/ Kac- modi�ed cites with a foldchange ≥ 1.50 or ≤ 0.67
between the OSCC tissues and paired adjacent normal tissues were considered as expression/
acetylation signi�cant. The Clusters of Orthologous Groups (COG)/EuKaryotic Orthologous Groups (KOG)
databases (http://www.ncbi.nlm.nih.gov/COG) was conducted. WOLF PSORT was utilised to predict the
subcellular localization. Functional annotation enrichments of DAPs were performed by Gene Ontology
(GO) analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis. P < 0.05 in Fisher’s exact
test and q < 0.05 in Benjamini-Hochberg’s procedure were considered as statistically signi�cant
difference. The functional protein domain descriptions were annotated based on the InterPro domain
database (http://www.ebi.ac.uk/interpro/ and the protein sequence alignment. The STRING database
(version 10.5) was utilised for the PPI network. A Con�dence score > 0.7 was de�ned as a high con�dence
score. Cytoscape (version 3.8.2) was used to visualize the interaction network. The top 30 hub genes
were identi�ed by CytoHubba. Molecular Complex Detection (MCODE) (version 1.5.1) was used for
clusters analysis in PPI network with con�guration standard as follows: Degree Cutoff = 2, MCODE
scores > 5, Node score Cutoff = 0.2, K-Core = 2, Max. Depth = 100. We also analyzed the transcriptome in
OSCC patients using TCGA (The Cancer Genome Atlas, https://www.cancer.gov/tcga) databases through
the University of California Santa Cruz (UCSC) Xena Public Data Hub (xena.ucsc.edu). The survival
analysis was performed using the survival package in R (3.5.0). The three-dimensional structure of
modi�ed protein constructed using SWISS MODEL(http://swissmodel.expasy.org/). A human
transcription factor gene list was downloaded from Human TFDB
(http://bioinfo.life.hust.edu.cn/HumanTFDB#!/download).
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Demographic features are summarized in Table S1. There was a total of 9 patients diagnosed with OSCC,
with a median age of 50.23 years. 7 patients (77.7%%) had smoking history, while 2 cases (22.2%) had a
history of betel nut using. The results indicate normal complete blood count, normal serum electrolyte
values, normal kidney function, and liver function.

Protein Identi�cation
For protein expression, we found 5149 quantitative proteins from total 6658 identi�ed proteins, in which
there were 967 differential expression proteins (DEPs), including 662 proteins upregulated (≥ 1.5-fold)
and 305 downregulated (≤ 0.67-fold) between OSCC tissues and paired adjacent normal tissues.

For protein acetylation, we identi�ed 8388 acetylation sites in 2706 proteins. A total of 4883 acetylation
sites in 1738 proteins were quanti�ed. 2027 Kac proteins (74.9%) had ≤ 3 Kac sites, whereas 114 Kac
proteins (4.2%) had ≥ 10 Kac sites (table S2) which was more abundant than acetylation in
hepatocellular carcinoma[17]. TTN, MYH2, FLNA, MYH9, MYH7, SPTAN1, AHNAK, FLNC, APOB, and
MYBPC1 are the top 10 proteins with the most abundant acetylated sites. This study included 282
upregulated Kac sites (≥ 1.5-fold) in 234 proteins and 235 downregulated Kac sites (≤ 0.67-fold) in 162
proteins between OSCC tissues and paired adjacent normal tissues. Hierarchical clustering analysis of
DEPs and DAPs is shown in Fig. 1.

For all DEPs and DAPs, we identi�ed 132 proteins with expression difference and acetylation difference
(Fig. 1d).

Functional Characterization of Differentially Lysine Acetylation Proteins.

The effects of lysine acetylation proteins were then further analyzed by Gene Ontology (GO) annotation
and COG (Clusters of orthologous groups) analysis.

The function classi�cation of differential acetylation proteins was then carried out with COG analysis.
Among upregulated DAPs, we found that 27 proteins are associated with cytoskeleton (12.4%), 22
proteins with posttranslational modi�cation, protein turnover, chaperones (10.1%), and 20 proteins with
Translation, ribosomal structure, and biogenesis (9.2%). Among downregulated DAPs, 23 proteins are
associated with cytoskeleton (15.2%), 21 proteins with Energy production and conversion (13.9%), and 17
proteins with Signal transduction mechanisms (11.3%) (Fig. 2a,2b).

The subcellular localizations of the upregulated DAPs were mainly distributed in the cytoplasm (45.49%),
nucleus (19.74%), mitochondria (14.59%), extracellular (6.87%), cytoplasm, nucleus (6.44%) and plasma
membrane (3.86%) (Fig. 2c). Among the downregulated DAPs, the subcellular localizations were mainly
distributed in cytoplasm (37.89%), mitochondria (22.36%), extracellular (14.29%), nucleus (11.18%) and
plasma membrane (4.97%) (Fig. 2d).

In GO annotation, the related biological functions were established for upregulated DAPs and further
separated into three classi�cations: cellular component (33.3%), molecular function (22.2%), and
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biological process (44.4%) (Fig. 2e). Among downregulated DAPs, three classi�cations included cellular
component (29.6%), molecular function (25.9%), and biological process (44.4%). The number of DAPs
involved in the three biological process groups were shown in Fig. 2e,2f.

Functional Enrichment Analysis of Differentially Lysine Acetylation Proteins.

GO enrichment analysis was performed to further understand the functions of differential lysine
acetylation proteins. Among 234 upregulated DAPs, the cellular component in GO enrichment analysis
signi�cantly enriched in actin �lament bundle, actomyosin, and actin cytoskeleton (Fig. 3a). Biological
process was signi�cantly enriched in cellular response to type I interferon, type I interferon signaling
pathway, response to type I interferon, negative regulation of viral process, cellular response to cytokine
stimulus, regulation of apoptotic process, and regulation of programmed cell death (Fig. 3b). According
to molecular function enrichment classi�cation, double-stranded RNA binding, cytoskeletal protein
binding, actin �lament binding, and nucleoside-triphosphatase activity were signi�cantly enriched (Fig.
3c). Among 162 downregulated DAPs, the cellular component signi�cantly enriched in actin cytoskeleton,
contractile �ber part, and contractile �ber part (Fig. 4a). According to biological process, striatedd muscle
contraction, cardiac muscle contraction, heart contraction, and positive regulation of blood circulation
were highly enriched (Fig. 4b). Molecular function highly enriched in actin binding, structural constituent
of muscle, ankyrin binding, and calcium ion binding (Fig. 4c).

KEGG analysis of upregulated DAPs enriched in the top 3 pathways including hepatitis C, biosynthesis of
unsaturated fatty acids, fatty acid metabolism. As shown in Fig. 3d, HIF-1 signaling pathway, ferroptosis,
JAK-STAT signaling pathway were also highly enriched. Among downregulated DAPs, we found that
most of these proteins are involved in tyrosine metabolism, phenylalanine metabolism in KEGG analysis.

Domain enrichment of upregulated DAPs was involved in Guanylate-binding protein, C-terminal and N-
terminal domain as well as Ku70/Ku80 N-terminal alpha/beta and beta-barrel domain (Fig. 3e). We found
that the downregulated DAPs were signi�cantly enriched in myosin N-terminal SH3-like domain, EF-hand
domain pair, and �bronectin type III domain in domain enrichment (Fig. 4e).

The Exploration of Differentially Lysine Acetylated Motifs.

A total of 8,267 Kac peptides from all identi�ed peptides with amino acids around the acetylated lysine
from 10 amino acids upstream to 10 amino acids downstream are subjected to the Motif-X program. We
identi�ed 50 conserved motifs based on acetylated lysine. Especially, the motifs
xxxxxxxxxx_K_HxxxxxxKxx, xxxxxxxxxN_K_Axxxxxxxxx (Motif Score > 30.00) were strikingly conserved.
The top 3 motifs and their abundances are as follows: xxxxxxxxxx_K_Sxxxxxxxxx (748 peptides),
xxxxxxxxxx_K_Txxxxxxxxx (652 peptides), xxxxxxxxxG_K_xxxxxxxxxx (509 peptides). Overall, the present
results suggested that these motifs may reveal characteristics regarding acetylation in patients with
OCSS (Table S3).



Page 8/23

PPI Network Construction and Survival Analysis of Hub
Genes
PPI network of the upregulated DAPs was illustrated in Fig. 5(a). A total of 228 nodes with 530 edges
were re�ected in this network system. The top 30 hub genes were identi�ed by CytoHubba (Table S4). Of
these, several proteins had abundant acetylation sites, including 15 acetylation sites on HSP90AA1, 23
acetylation sites on MYH9, 16 acetylation sites on PKM, and 12 acetylation sites on EEF2. Among the top
30 hub genes, survival analysis from the TCGA database showed that lower expression of RPS3, RPL24,
RPL19, CCT8, HSP90AA1, EGFR, and ARPC2 were associated with poor prognosis (Fig. 6a-d and Figure
S1 a-d). 13 functional subnet cluster were selected from the PPI network by MCODE. All the 17 proteins in
cluster 1 (MCODE score 9.2) were contained in the top 30 hub genes (Fig. 5b). Biological process of GO
analysis of these proteins was associated with mRNA splicing and SRP-dependent cotranslational
protein targeting to membrane (Fig. 5c). KEGG enrichment analysis of cluster 1 signi�cantly related to
spliceosome and ribosome pathway (Fig. 5d). Remarkably, RPS3, RPL24, and RPL19 in cluster 1 were
closely associated with OSCC prognosis.

Among the 162 downregulated DAPs, PPI network contained 159 nodes with 94 edges. The top 30 hub
genes were listed in table S5. Of these, 11 proteins had more than 10 acetylation sites, especially 130
acetylation sites on TTN, 45 acetylation sites on MYH2, 27 acetylation sites on MYH7 and 24 acetylation
sites on SPTAN1. Among the top 30 hub genes, the survival analysis from the TCGA database showed
that low expression of EIF4A2, RPL12, MYBPC1, RPS6, ARCN1, and TMEM9 was related to poor
prognosis, particularly EIF4A2 and RPL12 with a better survival curve (Fig. 7a-c and Figure S2 a-d).

Lysine Acetylation of transcription factors and
acetyltransferases/ deacetylases
1665 human transcription factors (TFs) were download from Human TFDB. In our study, lysine
acetylation of 7 TFs (MTA2, LTF, NME2, NME2, SP100, MECP2, STAT3 and STAT1) was signi�cantly
upregulated between OSCC and paired healthy tissue, whereas no differentially downregulated acetylated
modi�cation happened between OSCC and paired healthy tissue (Table S6). Meanwhile, we calculated
lysine acetylation on lysine acetyltransferases (KATs) and lysine deacetylases (KDACs), respectively.
More lysine acetylation sites were identi�ed on KATs than on KDACs (Table S7). 11 acetylation sites on
EP300 were identi�ed, whereas no signi�cant difference was found between OSCC and paired healthy
tissue. In contrast, only lysine 220 of HDAC1 among KDACs was identi�ed and happened signi�cant
upregulation.

Discussion
Lysine acetylation is a major regulator of gene transcription, which is closely associated with OSCC
pathology. In our study, we mapped acetylated modi�cation of OSCC and adjacent normal tissues using
LC–MS/MS. We identi�ed 8388 acetylation sites in 2706 proteins. 282 upregulated Kac sites in 234
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proteins and 235 downregulated Kac sites in 162 proteins between OSCC tissues and paired adjacent
normal tissues were found. Among the upregulated DAPs, the biological process of GO analysis was
closely related to cellular response to regulation of apoptotic process, and regulation of programmed cell
death related to tumor development [18, 19]. KEGG enrichment analysis was associated with HIF-1
signaling pathway, ferroptosis, and JAK-STAT signaling pathway. When a response to hypoxia, HIF-1
transcriptional activity is activated by HIF-1α and further promotes tumor invasion and metastasis in
head and neck squamous cell carcinoma[20, 21]. Ferroptosis is currently considered an effective strategy
for overcoming resistance in refractory tumors and may contribute to tumor growth suppression[22].
Activation of JAK-STAT signaling pathway is involved in tumor cell recognition and tumor-driven immune
escape[23]. In our study, the upregulated acetylation highly enriched in those pathways, which means
acetylated modi�cation may affect the invasion or the response to therapy of OSCC via those processes.

RNA splicing is vital for an essential process that governs many aspects of cellular proliferation, survival,
and differentiation. Increasing evidence favors the close relationship between dysregulated RNA splicing
and tumorigenesis[24]. Splicing-based therapies for cancer treatment is considered as having enormous
potential. PTMs such as ubiquitination, acetylation, and phosphorylation of splicing factors are well
studied[25, 26]. In our data, PPI network of the upregulated DAPs involved 228 nodes with 530 edges. 17
proteins in MCODE1 are all among the top 30 hub genes. Biological process of GO analysis of these
proteins was associated with mRNA splicing and SRP-dependent cotranslational protein targeting to
membrane. The KEGG analysis result was highly enriched in spliceosome and ribosome pathway. Seven
proteins (SRSF1, HNPNPM, PRPF8, DHX9, DHX15, RBMX, SNRPG) in MCODE1 were involved in mRNA
splicing process and spliceosome pathway. SRSF1 is identi�ed as a proto-oncogene that regulates
splicing of important cancer-related genes to promote tumorigenesis[27]. The activity of hnRNPM may
reduce by P300-induced upregulated acetylation of hnRNPM although the exactly acetylated site on
hnRNPM is unknown[28]. PRPF8, the largest known protein of the spliceosome, plays as the seed gene in
the MCODE1 cluster and has been associated with human cancers[29]. DHX9, as well as RBMX, is
reported as playing an important role in multiple human malignancies[30, 31]. In our experiments,
signi�cantly different acetylated modi�cations were identi�ed in these hub proteins. HDACs is considered
as having great anticancer potential to OSCC. It is reported that there is a potential link between HDACs
and RNA splicing that HDACs interact with ribonucleoprotein complexes and spliceosomal, actively
control the acetylation states of splicing factors, and further modulate splicing[32]. The deacetylation of
the splicing factor SRSF5 results in proteasomal degradation of SRSF5, whose hyperacetylation and
upregulation correlates with tumor progression of human lung cancers[25]. Therefore, we hypothesis that
acetylated modi�cation may affect the genesis and development of OSCC by regulating the RNA splicing
process, especially in�uencing acetylation of 6 proteins (RPS15A, RPL11, RPS3, RPL24, RPS11, RPL19.
Of these, RPS3, RPL24 and RPL19).

In our study, KEGG analysis of MCODE1 also focused on ribosome pathway, including 6 upregulated Kac
modi�ed proteins of RPS15A, RPL11, RPS11, RPS3, RPL24, RPL19. Ribosomes are essential for protein
production and thus for cellular survival, growth, and proliferation. Ribosome biogenesis includes the
synthesis and processing of ribosomal RNAs, assembly of ribosomal proteins, transport to the cytoplasm,
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and binding of ribosomal subunits. Any disruption of the processed above has a close relationship with
cancer and other age-related degenerative diseases[33]. RPS15A is a potentially oncogenic gene
contributing to colorectal carcinogenesis[34]. PRL11 in�uents the activity of P53, and further involves in
the procession of tumorigenesis [35]. It is also reported that PTMs may regulate RPL11 localization and
function[36]. A high expression level of RPS11 is correlated to the poor prognosis of glioblastoma and
hepatocellular carcinoma[37, 38].In these proteins of MCDOE1 involving in ribosome pathway, lower
expression of RPS3, RPL19, and RPL24 were related to the overall survival of OSCC. RPS3 inhibits NF-κB
pathway activation and then participates in the process of Vitamin D promoting the cisplatin sensitivity
of OSCC[39]. The expression level of RPS3 is downregulated by ubiquitylated modi�cation and
subsequently results in the inhibition of apoptosis signaling in glioblastoma[40]. Upregulation of RPL19
may result in increased sensitivity to ER stress and enhances cell death in breast cancer cells[41].
Increased K27 acetylation on RPL24 induced by HDACi may result in the recruitment of eIF6 to 60S
subunits and impairing 40S-60S joining and further signi�cantly impair human breast cancer cell
viability[42]. Remarkably, K2 and K27 acetylation on RPL24 were identi�ed in our data and K27 happened
signi�cantly upregulated acetylation between OSCC and adjacent normal tissues. Thus, we hypothesis
that acetylation might regulate ribosome process via upregulating lysine acetylation of 6 hub proteins
(RPS15A, RPL11, RPS11, RPS3, RPL24, RPL19) and further affect the genesis and development of OSCC.

The PPI network of the 162 downregulated DAPs included 159 nodes with 94 edges. 11 proteins of the
top 30 hub genes had more than 10 acetylation sites. Among the top 30 hub genes, low expression of
EIF4A2, RPL12, MYBPC1, RPS6, ARCN1, and TMEM9 were related with poor prognosis in survival
analysis, particularly that EIF4A2 and RPL12 with a better survival curve. EIF4A2 is crucial for mRNA
binding to ribosome and plays an important role in translation initiation. It is reported EIF4A2 promotes
colorectal cancer experimental metastasis and affected the e�cacy of antitumor drugs[43].
Phosphorylation of RPL12/uL11 regulates elongation through interaction with two elongation GTPases,
eEF1A and eEF2, and further regulates mitotic translation[44].The phenomenon supports the possibility
that core ribosomal proteins can be modi�ed by many types of PTMs. To our knowledge, this is the �rst
study to investigate lysine acetylation on proteins involved in ribosome pathway, particularly the ones
that acted as hub genes and related with survival of OSCC, which may be a potential therapeutic direction
of OSCC in the future.

Conclusion
In summary, our study mapped an overview of acetylation in OSCC and clari�ed the differently acetylated
modi�cation sites in OSCC and adjacent normal tissues. We provide a bioinformatic analysis of
differently Kac modi�ed proteins. To our knowledge, this is the �rst study to investigate lysine acetylation
on proteins involved in ribosome pathway, particularly the ones that acted as hub genes and related to
the OSCC survival. Our data may provide new insight into the pathogenesis of OSCC and even propose a
potential therapeutic direction of OSCC in the future.
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Figure 1

Qualitative analysis of lysine acetylation between OSCC and adjacent normal tissues. (a) The volcano
plot of the different acetylation. (b) Histogram of quantity distribution of differential expression proteins
(DEPs) and differentially acetylated proteins (DAPs). (c) Venn graph representing the overlap of DEPs and
DAPs.
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Figure 2

Functional characterization of differentially lysine acetylation proteins between OSCC and adjacent
normal tissues. (a, b) The upregulated/downregulated acetylated protein distribution in COG category
distribution. (c, d) Subcellular localization of upregulated/downregulated acetylated protein. (e, f) Gene
Ontology annotation of upregulated/downregulated acetylated protein.
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Figure 3

Functional enrichment analysis of upregulated lysine acetylation proteins between OSCC and adjacent
normal tissues. (a) Cellular component in the GO enrichment analysis. (b) Biological process in the GO
enrichment analysis. (c) Molecular function in the GO enrichment analysis. (d) KEGG analysis of
upregulated lysine acetylation proteins.
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Figure 4

Functional enrichment analysis of downregulated lysine acetylation proteins between OSCC and adjacent
normal tissues. (a) Cellular component in the GO enrichment analysis. (b) Biological process in the GO
enrichment analysis. (c) Molecular function in the GO enrichment analysis. (d) KEGG analysis of
downregulated lysine acetylation proteins. (e) Column graphs show the domain enrichment.



Page 20/23

Figure 5

PPI network analysis of upregulated lysine acetylation proteins and functional enrichment analysis of
proteins in MCODE1. (a) PPI network analysis of upregulated lysine acetylation proteins between OSCC
and adjacent normal tissues was performed. Two most signi�cant modules were yielded with MCODE.
(b) 17 proteins in MCODE 1((MCODE score 9.2). (c) GO enrichment analysis of MCODE 1. (d) KEGG
analysis of MCODE 1.
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Figure 6

The top 30 hub gene of upregulated acetylated proteins and Survival Analysis. (a) Scatter plot charts of
the top 30 hub gene were shown. The proteins with P value <0.05 in survival Analysis were annotated by
red points, particularly three proteins involved in MCODE1 were marked in red font. (b, c, d) survival curve
of RPS3, RPL24, RPL19 from MCODE1, respectively. (e, f, g) Three-dimensional structure of RPS3, RPL24,
RPL19 constructed using SWISS MODEL, respectively. Acetylation sites were labeled yellow.
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Figure 7

The top 30 hub gene of downregulated acetylated proteins and Survival Analysis. (a) Scatter plot charts
of the top 30 hub gene were shown. The proteins with P value <0.05 in survival Analysis were annotated
by red points. (b, c) RPL12 and EIF4A2 with better survival curve were shown, respectively. (d, e) Three-
dimensional structure of RPL12 and EIF4A2 constructed using SWISS MODEL, respectively. Acetylation
sites were labeled yellow.
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