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A B S T R A C T   

Background: The low 5-year survival rate of oral squamous cell carcinoma (OSCC) suggests that new prognostic 
indicators need to be identified to aid the clinical management of patients. 
Methods: Saliva samples from OSCC patients and healthy controls were collected for proteomic and metabolomic 
sequencing. Gene expressed profiling was downloaded from TCGA and GEO databases. After the differential 
analysis, proteins with a significant impact on the prognosis of OSCC patients were screened. Correlation analysis 
was performed with metabolites and core proteins were identified. Cox regression analysis was utilized to stratify 
OSCC samples based on core proteins. The prognostic predictive ability of the core protein was then evaluated. 
Differences in infiltration of immune cells between the different strata were identified. 
Results: There were 678 differentially expressed proteins (DEPs), 94 intersected DEPs among them by intersecting 
with differentially expressed genes in TCGA and GSE30784 dataset. Seven core proteins were identified that 
significantly affected OSCC patient survival and strongly correlated with differential metabolites (R2 

> 0.8). The 
samples were divided into high- and low-risk groups according to median risk score. The risk score and core 
proteins were well prognostic factor in OSCC patients. Genes in high-risk group were enriched in Notch signaling 
pathway, epithelial mesenchymal transition (EMT), and angiogenesis. Core proteins were strongly associated 
with the immune status of OSCC patients. 
Conclusions: The results established a 7-protein signatures with the hope of early detection and the capacity for 
risk assessment of OSCC patient prognosis. Further providing more potential targets for the treatment of OSCC.   

Introduction 

Approximately 95% of head and neck cancers are squamous cell 
carcinomas. According to GLOBOCAN data up to 2020, head and neck 
squamous cell carcinoma (HNSCC) is the fifth leading cancer type 
worldwide [1]. Oral cancer is the most common type of HNSCC. Global 
statistics indicate 375,000 new cases of oral cancer and over 175,000 
deaths by 2020 [2]. Oral squamous cell carcinoma (OSCC) is an 
aggressive epithelial tumor of varying degrees of differentiation that 
accounts for approximately 90% of oral cancers [3]. Alcohol abuse, 
smoking, and human papillomavirus (HPV) infection are the main risk 
factors for OSCC [4]. 

The main treatments for OSCC are surgery, radiotherapy, and 
chemotherapy [5,6]. However, despite more diverse and more advanced 
treatment options, the 5-year overall survival (OS) rate of OSCC has 

remained at 50–60% in recent years [7]. Clinically OSCC can metasta
size to cervical lymph nodes via lymphatic vessels, and the incidence of 
metastasis is up to 40%, which is an important prognostic factor 
affecting survival [8]. OSCC also has a high recurrence rate, and patients 
with late recurrence have a worse 5-year OS rate [9]. Therefore, 
exploring the targets and tumor stratification for the prognosis and 
treatment of OSCC is one of the urgent issues for basic research and the 
clinic. 

Recent studies confirmed a close link between OSCC and metabo
lites, which may provide new perspectives and new potential targets for 
the diagnosis and treatment of OSCC[10,11]. Tumor metabolism is 
associated with tumor cell proliferation, survival, and antitumor im
munity in the tumor microenvironment (TME)[12,13]. Accumulating 
evidence suggests that in-depth analysis of the immune response, 
emphasizing tumor infiltrating immune cells, is a widely accepted 
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prognostic tool that may significantly improve the development of novel 
immunotherapeutic approaches for OSCC patients[14]. Proteins are 
common molecules involved in cellular functions, and when the func
tional state is altered in cancer, proteins with connections to various 
pathways may alter the balance of signaling networks to enhance sur
vival or apoptosis of affected cells [15]. 

Indeed, large-scale datasets generated using high-throughput 
analytical techniques for transcriptomics, proteomics, and metab
olomics have helped to identify potential diagnostic and therapeutic 
targets in human cancer. Saliva has attracted extensive attention as one 
useful sample for early detection or monitoring of oral cancer. 
Expanding the selection of treatment options for OSCC in saliva speci
mens is an effective strategy to improve survival. 

In this study, we investigated protein biomarkers and prognostic 
stratification of OSCC from the perspective of transcriptomics, prote
omics as well as metabolomics, contributing to early diagnosis, treat
ment and prognosis of patients. 

Materials and methods 

Sample collection 

Saliva samples from nine OSCC patients and three healthy controls 
were randomly selected from the First Affiliated Hospital of Xinjiang 
Medical University. All study protocols were approved by the Ethics 
Committee of the First Affiliated Hospital of Xinjiang Medical Univer
sity, Urumqi, China (No. K202203–24). Informed consent was known 
and signed by all participants. 

Salivary proteome 

Lysate (1.5% SDS / 100 mM Tris-Cl) was added to saliva samples on 
ice, mixed well and centrifuged at 4 ◦C to obtain supernatant. Proteins in 
the supernatant were precipitated by acetone precipitation and recon
stituted using the reconstitution solution (8 M Urea/100 mM Tris-Cl). 
Subsequently, dithiothreitol and iodoacetamide were added to block 
sulfhydryl. The protein concentration was determined by Bradford 
assay, and the protein bands were visualized by SDS-PAGE. Enzymatic 
digestion with trypsin after diluting the urea concentration below 2 M 
was followed by Sep-Pak C18 desalting. Equal amounts of samples were 
taken for TMT labeling, which was performed according to the manu
facturer’s instructions. After equal mixing of the labeled samples, the 
pooled samples were fractionated by high pH reverse chromatography 
and checked on the machine. 

Mass spectrometry data were acquired using a liquid-mass coupled 
system with an Orbitrap Exploris 480 mass spectrometer in tandem with 
an EASY-nLC 1200 liquid phase. Peptide samples were loaded and 
incorporated into the analytical column for separation, Mass spectra 
were acquired in DDA mode with one MS full scan in each scan cycle (R 
= 60 K, AGC = 300%, max IT = 20 ms, scan range = 350–1500 m/z), and 
20 subsequent MS / MS scans (R = 15 K, AGC = 100%, max IT = auto, 
cycle time = 2 s). The dynamic exclusion time for ion repeat acquisition 
was set to 35 s. 

Mass spectrometric data were searched by MaxQuant (v1.6.6) soft
ware and the adopted database searching algorithm was Andromeda. 
The database used for the search was Swissprot Human (20,210,312) 
proteome reference databases. 

Detection of salivary metabolites 

A total of 100 μL of samples were added to 300 μL of pure methanol 
(containing 1 ppm of 2-chlorophenylalanine) and incubated at - 20 ◦C 
freezer for 0.5 h. The supernatant was collected in an injection vial and 
used for liquid chromatography-tandem mass spectrometry (LC-MS/MS) 
analysis. The column was a Waters ACQUITY UPLC HSS T3 C18 1.8 µm, 
2.1 mm × 100 mm. 

Collection of public data 

We downloaded the expression data and clinical data of HNSCC 
dataset from The Cancer Genome Atlas (TCGA, https://cancergenome. 
nih.gov) database. Which included 522 tumor and 44 normal samples. 
GSE30784 and GSE41613 datasets were collected from GEO (Gene 
Expression Omnibus) database (https://www.ncbi.nlm.nih.gov/geo/). 
GSE30784 included gene expressed profiling of 167 OSCC and 45 
normal oral tissues based on GPL570 platform. GSE41613 included gene 
expression profiling of 97 OSCC samples with OSCC-specific survival 
information based on GPL570 platform. The human protein atlas (HPA) 
database (https://www.proteinatlas.org/) was used to detected the 
immunohistochemical results of proteins in this study. 

Difference analysis 

The difference analysis for proteins and metabolites between OSCC 
and controls was performed. Fold changes≥1.2 and P < 0.05 (t-test) 
were considered statistically significant and then obtained differentially 
expressed proteins (DEPs) and differential metabolites. The correlation 
between DEPs and differential metabolites was calculated using 
Spearman correlation coefficient analysis. Correlation coefficients 
greater than 0.8 were considered as strong correlations. 

The differentially expressed genes (DEGs) between HNSCC and 
controls in TCGA were identified using EdgeR in R software with the 
standard |log2 (fold change [FC])|>1.0 and P < 0.05. The DEGs between 
OSCC and controls in GSE30784 were identified using limma in R soft
ware with the standard |log2 (fold change [FC])|>1.0 and P < 0.05. 

Survival analysis 

The relationship between DEGs expression and patient prognosis in 
TCGA or GSE41613 was evaluated using Kaplan-Meier method. P<0.05 
was considered significant. A multivariate Cox regression analysis was 
used to construct risk score model based on the median risk score, then 
the samples of cancer were divided into high-risk and low-risk group. 
DEGs between high-risk and low-risk group were also identified using 
EdgeR in R software for TCGA and limma in R software for GSE41613. 
Receiver operating characteristics (ROC) curves were used to assess the 
predicting ability of patients’ survival status. Nomograms were estab
lished by expression of genes using Rms in R software. 

Enrichment analysis 

Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment 
analysis of for DEGs between OSCC and controls or between high-risk 
and low-risk group was performed using clusterProfiler in R software. 
Gene set enrichment analysis (GSEA) was performed using 3.0 version 
(http://www.broadinstitute.org/gsea/) to identify high-risk group 
related gene sets. 

Infiltration of immune cells 

Single-sample gene set enrichment analysis (ssGSEA) was used to 
calculate the infiltration levels of immune cells. The differential infil
tration of immune cells between high-risk and low-risk group was 
analyzed using limma in R software. Correlation between infiltration of 
immune cells and expression of proteins were evaluated using Spearman 
correlation coefficient analysis. 

Results 

Identification of proteins associated with OSCC 

To identify the DEPs between OSCC and controls, we first performed 
differential expressed analysis. In the results, we found 678 DEPs in 
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Fig. 1. Differentially expressed proteins and differentially expressed genes between OSCC and controls. (A) Differentially expressed proteins between OSCC and 
controls by proteome sequencing in saliva samples. Red is upregulation and green is downregulation. (B) Differentially expressed genes between OSCC and controls 
in TCGA. Red is upregulation and blue is downregulation. (C) Differentially expressed genes between OSCC and controls in GSE30784 dataset. Red is upregulation 
and blue is downregulation. (D) Intersection analysis of DEPs and DEGs. DEPs, differentially expressed proteins; TCGA, the Cancer Genome Atlas. (E) Heatmap of 94 
intersected DEGs in TCGA. (F) Main KEGG pathways of 94 intersected DEGs enriched. 
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OSCC according to proteome sequencing (Fig. 1A). We also identified 
3568 DEGs in TCGA (Fig. 1B) and 2331 DEGs in GSE30784 dataset 
(Fig. 1C). The results of intersection analysis showed that there were 94 
intersected DEPs in three groups (Fig. 1D-E). Enrichment analysis found 
that 94 intersected DEPs were mainly involved in mucin type O-glycan 
biosynthesis, ECM-receptor interaction, and focal adhesion (Fig. 1F). 

Identification of core proteins associated with metabolism 

A total of 255 differential metabolites between OSCC and controls 
were also identified (Fig. 2A). In addition, there were 17 proteins of 
intersected DEPs significantly affected OS of patients in TCGA and 29 
proteins of intersected DEPs significantly affected OS of patients in 
GSE41613 dataset. Finally we found 8 proteins affected the OS in both 

Fig. 2. Recognition of proteins related to metabolism affecting prognosis in OSCC patients. (A) Differential metabolites between OSCC and controls by metabolome 
sequencing in saliva samples. Red is upregulation and green is downregulation. (B) Intersection of the K-M analysis results that significantly affected OS of OSCC 
patient in TCGA and GSE41613 dataset. (C) Differential metabolites whose correlation with core protein was greater than 0.8. Red is positive correlation and blue is 
negative correlation. The darker the color the higher the correlation. ROC curves of core proteins in GSE30784 dataset (D) and TCGA (E). 
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datasets (Fig. 2B). The expression of 8 proteins in the proteome, TCGA 
and GSE30784 dataset were shown in Table 1 and Fig. S1. ASAH1, 
CSTA, ENDOU, SPINK5, and ST6GALNAC1 were all downregulated 
expression in OSCC than controls, while LGALS1 was upregulated 
expression. Pearson correlation analysis results between 8 proteins and 
differential metabolites obtained 7 proteins (ASAH1, CSTA, ENDOU, 
LGALS1, PTX3, SPINK5, and ST6GALNAC1) with high correlation (R2 >

0.8) and considered as core proteins (Fig. 2C, Table S1). ENDOU asso
ciated with 22 metabolites, which were the most. The corresponding 
metabolites are shown in Table S2. Among them, MW0106580 (Eflor
nithine), MW0109575 (S-Allyl-L-Cysteine), MW0169553 (NIMUSTINE), 
and MW0168538 (3-(2,5-dimethoxyphenyl)propanoic acid) were all 
associated with four proteins, which included ENDOU. The diagnostic 
predictive abilities of the core proteins for OSCC in GSE30784 dataset 
were all greater than 0.76 (Fig. 2D), and that in TCGA were all greater 
than 0.68 (Fig. 2E). The K-M curves of core proteins in GSE41613 were 
shown in Fig. 3. Importantly, we also checked the expression of core 
proteins in OSCC and controls in HPA database (Fig. 4). 

Functional evaluation of core proteins 

A multivariate Cox regression analysis was performed based on the 7 
core proteins, and a risk score was calculated. A risk score model was 
constructed based on the median risk score, and the OSCC samples were 
divided into high-risk and low-risk groups in GSE41613 dataset 
(Fig. 5A). The results of the time-dependent ROC curves showed that the 
AUC values of the median risk score for predicting 1-, 3-, and 5-year OS 
of OSCC patients were all greater than 0.7 in GSE41613 dataset 
(Fig. 5B). The prognosis in high-risk group was significantly poorer than 
that in low-risk group (Fig. 5C). In the TCGA, the risk score model was 
also constructed using median risk score (Figure S2A). the area under 
the ROC curve (AUC) values of the median risk score for predicting 1-, 3- 
, and 5-year OS of OSCC patients were all greater than 0.6 (Fig. S2B). The 
prognosis was significantly different between patients in the high-risk 
and low-risk group (Figure S2C). 

In the result of PCA, the high-risk and low-risk groups samples had a 
high degree of outlier (Fig. 5D). This was also found in TCGA (Fig. S2D). 
Nomograms were used to assess the impact of core proteins on the 
prognosis of OSCC patients in GSE41613 dataset (Fig. 5E-F) and in TCGA 
(Fig. S2E-F). 

Biological function enriched in the high- and low-risk groups 

To further identify the differences between the high- and low-risk 

groups, we performed differential expression analysis. We identified 
558 DEGs in GSE41613 dataset (Fig. 6A) and 489 DEGs in TCGA 
(Fig. 6B). Among these DEGs, we found 224 intersected genes (Fig. 6C). 
Enrichment results showed that intersected genes were mainly enriched 
in Amoebiasis, protein digestion and absorption, and IL-17 signaling 
pathway (Fig. 6D). In the GSEA results, we identified Notch signaling 
pathway, epithelial mesenchymal transition (EMT), and angiogenesis 
were activated in the high-risk group both in GSE41613 dataset (Fig. 6E) 
and in TCGA (Fig. 6F). 

Immune cell infiltrated in the high-risk and low-risk groups 

To further evaluate the differences in immune cell infiltration in 
high- and low-risk groups of GSE41613 dataset, we performed ssGSEA. 
Results found that the infiltrated levels of activated B cells, activated 
CD8+T cells, effector memory CD8+T cells, eosinophil, immature B 
cells, and T follicular helper cells were all lower in the high-risk group 
than in the low-risk group (Fig. 7A). While activated dendritic cells, and 
regulatory T cells (Treg) were higher in the high-risk group. Correlation 
between infiltration of immune cells and expression of core protein re
sults showed that correlation between Treg cells and core protein was 
the highest (Fig. 7B). 

In addition, we evaluated the infiltration of immune cells in the 
TCGA. Infiltrated levels of activated B cells, and immature B cells were 
also lower in the high-risk group than in the low-risk group, and Treg 
was higher (Figure S3A). Interestingly, the infiltration of Treg was 
higher in OSCC than that in controls (Fig. S3B-S3C). 

Discussion 

Little progress has been made in long-term survival of OSCC over the 
past decades, and it remains a fatal disease. Many studies have found 
that OSCC is a polygenic disease, and researchers can obtain gene 
expression signatures of specific types of tumors by analyzing the gene 
expression profiles of tumor samples [16]. In this study, protein 
expression profiles, metabolic profiles, and gene expression profiles 
from patients with OSCC were analyzed in TCGA and GEO, and seven 
core proteins associated with OS were identified. Utilization of the core 
protein performed well in the prognostic stratification of OSCC patients 
and may serve as a promising biomarker for patient prognosis 
prediction. 

A gene set for clinical prognosis prediction is already available. For 
example, Oncotype DX provides a breast cancer recurrence score based 
on 21 gene expression [17,18]. Cololprint is a colon cancer recurrence 
score provided based on 18 gene expression [19,20]. In addition, using 
different subsets of predicted genes, the study by Yalniz et al., could 
predict metastasis of OSCC and obtain multiple accurate prediction 
maps [21]. The core proteins of this study were selected among the 
prognostic indicators of differentially expressed proteins related to dif
ferential metabolites. Patients with OSCC were grouped by the median 
risk score calculated based on core proteins, and there was a clear dif
ference in the prognosis of patients between groups. PCA results sug
gested that patients in high - and low risk groups could be highly 
differentiated. 

The core proteins we identified include ASAH1, CSTA, ENDOU, 
LGALS1, PTX3, SPINK5, and ST6GALNAC1. ASAH1 with decreased 
expression in this study is an acid ceramidase that converts ceramide to 
sphingosine and free fatty acids [22]. Recent evidence suggests that 
ceramide is a bioactive lipid that regulates various signaling pathways 
and can induce apoptosis [23]. In fact, ASAH1 is downregulated in both 
lymph node metastasis and extracapsular sprout of oral tongue cell 
carcinoma [24]. CSTA is mainly expressed in epithelial and lymphoid 
tissues, and its reduced expression is associated with the recurrence of 
HNSCC [25]. Consistent with our findings, CSTA was found to be 
downregulated in the saliva of OSCC patients [26]. CSTA inhibits EMT 
by preventing cathepsin induced protein cleavage of extracellular 

Table 1 
Eight proteins affected the OS of OSCC patients.  

Gene name Protein description Fold 
changes 
of protein 
levels 

logFC in 
GSE30784 

logFC in 
TCGA 

LGALS1 Spermatogenesis- 
associated protein 1 

1.477281 1.70969 1.687104 

CSTA Cystatin-A 0.532297 − 1.03433 − 1.07421 
SPINK5 Serine protease 

inhibitor Kazal-type 5 
0.547915 − 4.34491 − 3.26448 

PTX3 Pentraxin-related 
protein PTX3 

1.644838 1.476131 − 1.47328 

ENDOU Uridylate-specific 
endoribonuclease 

0.969514 − 5.27523 − 3.94611 

ASAH1 Acid ceramidase 0.616373 − 1.11863 − 1.11154 
RAB11FIP1 Rab11 family- 

interacting protein 1 
1.477499 − 1.83969 − 1.49088 

ST6GALNAC1 Alpha-N- 
acetylgalactosaminide 
alpha-2,6- 
sialyltransferase 1 

0.452882 − 3.18651 − 2.96107 

FC, Fold change. 
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matrix components, adhesion proteins and adherens junctions [27,28]. 
LGALS1 upregulated in OSCC in our results, which encoded galectin-1, a 
protein promotes migration and invasion of OSCC [29]. Increased 
expression of PTX3 is associated with advanced stage of HNSCC and is a 
promoting factor that mediates EGF induced metastasis of HNSCC [30, 
31]. SPINK5 may act as a tumor suppressor in HNSCC and serve as an 
independent prognostic predictor [32]. Consistent with the results of our 
analysis, ST6GALNAC1 was protective gene for HNSCC [33]. 

ENDOU has been shown to be an independent survival marker for 
HNSCC and negatively correlated with tumor purity and tumor infil
trating macrophages [34]. The results of our analysis showed that 
ENDOU expression was decreased in both OSCC and high-risk groups. In 
vitro experiments demonstrated that reduced expression of ENDOU in 
head and neck cancer has a tumor suppressor role [35]. ENDOU regu
lated the most metabolites, among which, eflornithine targeted genes 

have been a phase II clinical trial (NCT00003076) in the treatment of 
esophageal cancer [36]. S-Allyl-L-cysteine (SAC) exhibits anticancer, 
antihepatotoxic, neuroprotective and neurotrophic properties [37]. In 
addition, apoptosis in glioma cells was induced after NIMUSTINE 
treatment [38]. Studies have shown that metabolic alterations down
stream of proteins are required for their ability to regulate tumours and, 
in some cases, to achieve productive metastasis [39]. 

Tumor infiltrating immune cells in the tumor microenvironment play 
a crucial role in the progression and prognosis prediction of OSCC. 
ASAH1, CSTA, and ENDOU was negatively associated with Treg, which 
were higher infiltrated in high-risk group in our results. Compared with 
normal individuals, the proportion of Tregs in the peripheral blood 
circulation and cancer microenvironment is significantly higher in 
HNSCC patients, and the behavior of Tregs can mediate tumor immune 
evasion [40]. Thus, elevated ASAH1, CSTA, and ENDOU expression in 

Fig. 3. The K-M curves of core proteins in GSE41613 dataset.  
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patients with OSCC, may be a novel target to suppress immune evasion. 
To elucidate the in-depth mechanism of core proteins involved in 

OSCC, we performed GSEA. The results showed that Notch signaling 
pathway, EMT, and angiogenesis were significantly enriched in the high- 
risk group. In OSCC, Notch signaling may be supportive through the 
TME and thereby promote metastasis [41]. EMT is activated during 
tumor metastasis and is involved in the pathogenesis of OSCC[42,43]. As 
an important component of the TME, tumor angiogenesis is required for 
cancer cell spreading, providing nutrient and oxygen support for tumor 
growth and metastasis[44]. Angiogenesis contributes to cisplatin resis
tance in OSCC [45]. 

Our study also had some limitations. First, the number of sequenced 
samples was small, and further expanded samples are needed for vali
dation. Second, we focused on differential expression at the protein level 
and evaluated the prognostic value of core proteins using public data, 
the associates with smoking, alcohol consumption, etc. should be 
explored in the future. Additionally, the regulatory mechanisms of core 
proteins and related metabolites have not been explored in depth in 
cellular and animal experiments. In bioinformatics analysis based both 
sequencing results and public datasets consistently illustrated the 
prognostic predictive role of core protein in OSCC, but the clinical 
availability of core protein still needs to be continuously explored. 

Conclusions 

Our study based on transcriptomic, proteomic, and metabolomic 
approaches, explored 7 core proteins. The core proteins had important 
implications for the prognosis of OSCC patients and may be used as a 
survival marker for OSCC. They were involved in regulating metabolites 
of eflornithine, SAC, NIMUSTINE, and 3-(2,5-dimethoxyphenyl) prop
anoic acid. GSEA analysis indicated that Notch signaling pathway, EMT, 
and angiogenesis were significantly activated in the high-risk group. 

Data availability 

The proteomics data have been deposited to the ProteomeXchange 
Consortium via the PRIDE partner repository with the dataset identifier 
PXD033080. 

The codes used in the manuscript were provided in the supplemen
tary file 1. 
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Fig. 4. The immunohistochemical results of core proteins in OSCC and controls in the HPA database.  
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Fig. 5. Predictive evaluation of core proteins for the prognosis of OSCC patients in GSE41613 dataset. (A) Risk score model, patient survival status and expression of 
core proteins in GSE41613 dataset. (B) Time dependent ROC curve of median risk score. (C) K-M curve high-risk and low-risk groups. (D) PCA results of samples in 
high-risk and low-risk groups. (E) A nomogram was established to visualize the impact of core proteins on patient prognosis. (F) Calibration curves for 1-, 3- and 5- 
year OS in patients with OSCC from the GSE41613 dataset. 
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Fig. 6. Enrichment and GSEA for DEGs between high- and low-risk groups. (A) Differentially expressed genes between high- and low-risk groups in GSE41613 
dataset. (B) Differentially expressed genes between high- and low-risk groups in TCGA. (C) Intersection analysis of two DEGs sets between high- and low-risk groups. 
TCGA, the Cancer Genome Atlas. (D) KEGG pathways of intersected genes mainly enriched in. GSEA results of intersected genes in GSE41613 dataset (E) and in 
TCGA (F). 
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Fig. 7. Immune cell infiltration in high- and low-risk groups of GSE41613 dataset. (A) Differences of immune cell infiltration between high- and low-risk groups. *P<
0.05, ***P< 0.001. (B) Correlation results between immune cells and core protein. *P< 0.05, **P< 0.01, ***P< 0.001. 
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