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Background: Oral squamous cell carcinoma (OSCC) is one of the most prevalent malignancies worldwide. More recently, the
administration of immune checkpoint inhibitors has opened up more possibilities for cancer treatment.
Methods: We utilized a weighted gene co-expression network and the single sample gene set enrichment analysis (ssGSEA)
algorithm in the TCGA database and identified a module highly correlated with regulatory T cell (Treg) abundance in OSCC.
Subsequently, we verified the results by tissue microarrays and utilized immunohistochemical staining (IHC) to test the relationship
between the expression level and clinicopathological staging. CCK-8, transwell, and wound healing assays were utilized to detect the
functions of OSCC cells.
Results: LCK, IL10RA, and TNFRSF1B were selected as biomarkers related to regulatory T cell infiltration. IHC staining showed
significantly increased expression of LCK, IL10RA or TNFRSF1B in OSCC patients, and the expression levels were associated with
tumor stage, lymph node metastasis, pathological stage, clinical status and the overall survival. In vitro experiments showed that LCK,
IL10RA or TNFRSF1B knockdown efficiently impaired the proliferative, migrative, and invasive capacity in OSCC cell lines.
Conclusion: We performed a series of bioinformatics analyses in OSCC and identified three oncogenic indicators: LCK, IL10RA,
TNFRSF1B. These findings uncovered the potential prognostic values of hub genes, thus laying foundations for in-depth research in
OSCC.
Keywords: oral squamous cell carcinoma, regulatory T cell, lymphocyte cell-specific protein-tyrosine kinase, LCK, TNF receptor
superfamily member 1B, TNFRSF1B, interleukin 10 receptor subunit alpha, IL10RA

Introduction
Head and neck squamous cell carcinoma (HNSCC) is the eighth most prevalent tumors in the world, with more than
350,000 new confirmed cases annually. Oral squamous cell carcinoma (OSCC) is the most prevalent malignant tumor of
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HNSCC.1–3 In terms of the treatment for various malignant neoplasm, the application of immune checkpoint inhibitors
has gradually been implemented in adjuvant therapy.4–6 The immune checkpoint inhibitors, such as pembrolizumab and
nivolumab, have been permitted in the treatment of recurrent or metastatic OSCC, and pembrolizumab is considered as a
potential method for unresectable disease.7 To date, the next step in immunotherapy can be concentrated to examine the
causes for failure of immuno-oncology treatments and the complexity of interactivity between immunocytes and cancer
cells.8

Regulatory T cells are a group of immunocytes with immunosuppressive effects and are in balance with effector T
cells in the adaptive immune response.9 Infiltration of regulatory T cells may be a cause for failure of immune checkpoint
therapy.10 However, few literatures have reported the hub genes related to the mediation of immune response triggered by
regulatory T cells in OSCC. Therefore, the identification of biomarkers which are highly correlated with Treg cells
infiltration is of great significance considering the breakdown of peripheral tolerance and anti-tumor therapy.11,12

Weighted gene co-expression network analysis (WGCNA) is a commonly used algorithm that explores the highly
correlated genes and summarizes these genes into clusters.13 Single-sample gene set enrichment analysis (ssGSEA) is a
program that estimates genetic expression and considers as a degree of immune cell infiltration.14

In the current study, we utilized WGCNA and ssGSEA algorithm in the TCGA database and identified a module
highly correlated with Treg cell abundance in OSCC. We screened out 12 hub genes whose expression levels were
correlated with the degree of Treg cell infiltration. Considering the PPI network and module membership, we selected
LCK, IL10RA, and TNFRSF1B as the most promising prognostic biomarkers associated with immunity in OSCC.

The protein expression levels of these three biomarkers (LCK, IL10RA, and TNFRSF1B) were then measured using
TMA (tissue microarray analysis). Immunostaining analysis showed that all these three indicators were highly expressed
in tumor tissues compared with normal oral mucosa. Additionally, as the tumor stage progressed, we observed an
increase in the expression of biomarkers. By performing in vitro experiments, we found that knockdown of LCK, IL10RA
or TNFRSF1B significantly attenuated the cell migration, proliferation and invasion. In conclusion, we performed a series
of bioinformatics analyses in OSCC and identified three prognostic indicators related to Treg infiltration. These findings
discovered the potential prognostic values of hub genes, thus laying foundations for further research in OSCC.

Materials and Methods
Data Collection
The RNA expression data and related clinical information for OSCC were obtained from The Cancer Genome Atlas
(TCGA) database (https://portal.gdc.cancer.gov/), containing 504 files and 460 cases. Patients with Oral squamous
carcinoma among head and neck squamous carcinoma were selected, and data from patients with nasopharyngeal and
laryngeal carcinoma were excluded.

The Fraction of Various Immune Cells in TME
The evaluation of immune cell abundance was done by R package “GSVA”. Single sample gene set enrichment analysis
(ssGSEA) was an extended application of GSEA algorithm.14 We used a gene set of 782 genes for predicting the
abundance of 28 TIICs in individual tissue samples (http://software.broadinstitute.org/gsea/msigdb/index.jsp), and the
expression levels of each gene were z-score normalized across all patients, then ranked in descending order according to
their z-scores.

Construction of the Weighted Co-Expression Network
The R package “WGCNA” was used to construct the weighted co-expression network.13 The Pearson correlation
coefficients between genes were first calculated and then transformed into a similarity matrix. After picking a suitable
soft thresholding power, the similarity matrix was transformed into an adjacency matrix. Then, it strengthened strong
correlations and reduced weak correlations between genes to achieve scale-free networks. Finally, the topological overlap
matrix was computed to reduce noise and spurious correlations and obtain a new distance matrix. By using dynamic
hybrid cutting, genes that might have similar functions would be grouped into a module.
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Function Annotation and Gene Set Enrichment Analysis (GSEA)
To find the biological functions of thegenes in the hub modules, Kyoto Encyclopedia of Genes and Genomes (KEGG)
and Gene Ontology (GO) enrichment analyses were performed using the clusterProfiler package in R.15 Then, the most
significant biological processes and KEGG pathways were visualized with a bar diagram. GSEA was used to assess
trends on the distribution of genes ranked by their correlation to the phenotype, and thus to determine their contribution
to the phenotype.14 Bounded by the median expression of a gene, the sample can be divided into two high and low
groups, and “c7.all.v7.1.entrez” gene set enrichment analysis was carried out.

Oncomine Analysis
Oncomine (https://www.oncomine.org/) was a cancer microarray database and integrated data-mining platform for DNA
and RNA sequence analysis.16

PPI Network Construction
The STRING (http://string-db.org/) online website was used to predict the PPI co-expression genes network,17 which was
then further mapped by Cytoscape.18 To find core genes in the PPI network, the Cytoscape plugin cytoHubba was used to
describe the importance of genes in the PPI network.19

Patients and Tissue Samples
This study was approved by the Ethics Committee of Nanjing Medical University. We obtained informed consent from
all patients. Briefly, 276 patient samples were collected from the Stomatological Hospital of Jiangsu Province (In
2014–2019). We collected tissues beyond 3 cm from the negative cut edge of the tumor as normal tissue. Typical
areas of tumor or normal tissue were removed in circles about 1 mm in diameter and neatly attached to the slides. A total
of 229 tissues were included in this study, including 197 primary OSCC samples and 32 normal oral mucosa (Table 1).20

Patient clinical information included age, gender, tumor size, histological grade (the percentage of undifferentiated cancer
cells was used as the basis; less than 25% was grade I, 25–50% was grade II, 50–70% was grade III 75% or more was
grade IV), metastatic lymph node, clinical stage (as defined by the American Joint Committee on Cancer 7th edition), and
postoperative survival rate (as of December 2019).

Immunohistochemistry
Tissue microarray sections were stained with primary antibodies against LCK (1:600, 60162-1, Proteintech), IL10RA
(1:100, DF6643, Affinity) and TNFRSF1B (1:200, 19272-1, Proteintech) overnight following secondary antibody
incubation for 30 minutes. All of the sections were counterstained using haematoxylin, dehydrated, cleared and mounted
before examination using a microscope (DM4000B, Leica, Germany). LCK, IL10RA or TNFRSF1B immunoreactivity in
microarray samples was calculated according to staining concentration and proportion semi-quantitatively. The score for
the scale of positive cells was demonstrated as follows: 0, negative; 1, <20%; 2, 20–50%; 3, 51–75%; and 4, >75%
positive cells. For staining strength, grading system was classified as below: 0, no staining; 1, light yellow; 2, brownish
yellow; 3, dark brownish yellow. The result was calculated by multiplying the two scores as mentioned above. Scores for
>4 points were regarded as positive.

Cell Culture and Transfection
Two human cell lines (HN4, HN6) were obtained from ATCC. They were cultivated in DMEM + 10% FBS (CellMax
cell Technology (Beijing) Co., Ltd SA311.02) in a humidified incubator at 37°C, 5% CO2. Si-LCK, si-TNFRSF1B, si-
IL10RA and negative control were obtained from PharmaCore Labs, NanTong, China. Cells were seeded in a 6-well plate
and transfected using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) for 48 hr. The transfection efficiency was
confirmed by qRT-PCT.
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Table 1 Correlation Between IL10RA, LCK or TNFRSF1B and Clinicopathologic Characteristics in 197 OSCC Cases

IL10RA LCK TNFRSF1B

Pathologic
Characteristics

n Overexpression
(Number of

Cases)

Nonoverexpressoin
(Number of Cases)

P value Overexpression
(Number of

Cases)

Nonoverexpressoin
(Number of Cases)

P value Overexpression
(Number of

Cases)

Nonoverexpressoin
(Number of Cases)

P value

Age, years

≥ 60 102 43 59 0.2390 45 57 0.4515 51 51 0.7119

<60 95 48 47 47 48 45 50

Sex

Male 124 61 63 0.2709 60 64 0.1535 60 64 0.6190

Female 73 30 43 43 30 38 35

Smoking

Yes 74 34 40 0.8665 41 33 0.6459 41 33 0.2179

No 123 55 68 64 59 57 66

Drinking

Yes 69 30 39 0.2788 29 40 0.6580 32 37 0.7033

No 128 66 62 58 70 63 65

Location

Palate 20 17 3 <0.0001 12 8 0.2293 15 5 0.0989

Tongue 73 23 50 42 31 33 40

Gingiva 31 18 13 12 19 16 15

Buccal 51 23 28 21 30 26 25

Mouth floor 22 16 6 11 11 15 7

Tumor stage

T1 93 33 60 T1 vs T2

<0.0001

36 57 T1 vs T2 <0.001 41 52 T1 vs T2

0.0128

T2 81 58 23 T2 vs T3-4

0.2881

57 24 T2 vs T3-4

0.4564

51 30 T2 vs T3-4

0.0291

T3-4 23 19 4 T1 vs T3-4

<0.0001

18 5 T1 vs T3-4

0.0007

20 3 T1 vs T3-4

0.0002

Lymph node

status

N0 108 36 72 N0 vs N1

0.0022

50 58 N0 vs N1 0.0033 31 77 N0 vs N1

0.1366

N1 41 25 16 N1 vs N2-3

0.7254

30 11 N1 vs N2-3

0.9785

17 24 N1 vs N2-3

0.0097

N2-3 48 31 17 N0 vs N2-3

0.003

35 13 N0 vs N2-3

0.0021

33 15 N0 vs N2-3

<0.0001
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Pathological

grade

I 111 51 60 I vs II 0.5879 43 68 I vs II 0.7232 38 73 I vs II 0.2423

II 21 11 10 II vs III

0.0205

9 12 II vs III 0.1025 10 11 II vs III

0.0171

III 65 51 14 I vs III

<0.0001

41 24 I vs III 0.0018 49 16 I vs III

<0.0001

Clinical grade

I 52 13 39 I vs II 0.0720 17 35 I vs II 0.3326 14 38 I vs II 0.0021

II 45 19 26 II vs III–IV

0.0782

19 26 II vs III–IV 0.0002 26 19 II vs III–IV

0.0684

III–IV 100 58 42 I vs III–IV

0.0001

74 26 I vs III–IV

<0.0001

73 27 I vs III–IV

<0.0001

Notes: The P values represent probabilities for IL10RA, LCK or TNFRSF1B expression levels between variable subgroups determined by a χ2 test.
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RNA Extraction and Quantitative Reverse Transcription PCR (qRT-PCR)
RNA samples were extracted from cells with TRIzol reagent (Invitrogen) and then reverted to cDNA using 5 ×
PrimeScript RT Master Mix (TaKaRa) after 15 minutes at 37°C and 5 seconds at 85°C. To determine the relative
transcript level, PCR was quantified in real-time using a Q7 Real-Time PCR System. SYBR Green was used as the
fluorophore. The RNA levels of GAPDH, LCK, TNFRSF1B and IL10RA were determined with the following primers:

TNFRSF1B-F: 5’- GGATGAAGCCCAGTTAACCA-3’
TNFRSF1B-R: 5’- GCAGAGGCTTTCCACAACTC-3’
IL10RA-F: 5’- TCCTCGGGAAGATTCAGCTA-3’
IL10RA-R: 5’- GTTACTTCGGGAAGCGACAG-3’
LCK-F: 5’- AGTACCAGCCTCAGCCTTGA-3’
LCK-R: 5’- TGCAGAGTCCACGCAACTAC-3’
GAPDH-F: 5’- GAAGGTGAAGGTCGGAGT C-3’
GAPDH-R: 5’- GAGATGGTGATGGGATTTC −3’

Western Blot
When the cells were transfected after 72 hours, the RIPA buffer (P0013B, Beyotime) was used to lysed cells. The
proteins were separated on SDS-PAGE and transferred to a PVDF membrane. Membranes were put into 5% milk for
blocking. After that, membranes were incubated with primary antibodies 4°C overnight. Membranes were washed by
TBST the next day. Then they were incubated with secondary antibodies for 1 h. Primary antibodies used were: LCK
(1:1500, 60162-1, Proteintech), IL10RA (1:1000, DF6643, Affinity) and TNFRSF1B (1:700, 19272-1, Proteintech), β-
actin (1:5000, 66009-1-lg, Proteintech).

CCK-8 and Cell Colony Formation Assays
Transfected cells were seeded in a 96-well plate (2×103 cells/well). Optical density at 450 nm was measured by CCK-8
kit (Dojindo, Japan), followed by depicting cell viability curves.

For the cell colony formation experiment, transfected cells were seeded in a medium dish (2×103 cells/well), and
incubated for 2 weeks. Visible colonies were fixed in formaldehyde, dyed in crystal violet and captured under a
microscope (DM4000B, Leica, Germany). Colonies were calculated using ImageJ software.

Cell Migration and Invasion Assay
The transfected cells were seeded in 6-well plates and cultured to 100% confluence. Then, cells were scratched by a 200
µL pipette tip and were cultured in a serum-free medium for 24 hr. Wound healing images were collected at 0 and 12 hr.

Tumor cell invasion was examined using the Transwell chambers (8 μm) pre-coated with diluted Matrigel (BD
Biosciences). 5×105 cells were seeded in each chamber and were cultured for 24 hr. Then the invading cells were fixed in
paraformaldehyde, stained in crystal violet, and three randomly selected cells in each chamber were captured View.

Statistical Analysis
The statistical analysis of the data was done in R (Version 3.6). The Student’s t-test and chi-square test were used to
evaluate the relationship between LCK, IL10RA or TNFRSF1B and clinicopathological parameters, respectively. The
association between LCK, IL10RA or TNFRSF1B and OSCC overall survival (OS) was estimated using the Log rank test.
OS was determined as the outcome variable. Data were presented as the mean ± SD from three independent experiments.
GraphPad Prism (ver. 7.0; GraphPad Software, USA) was used for statistical analysis. P < 0.05 was considered to be
significant unless stated otherwise.
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Figure 1 Construct the co-expression network and select the immune-related module. (A) Quantification of 28 types of TIICs infiltration in OSCC by ssGSEA. (B) Analyze
the average connectivity and the scale-free fit index of 1–20 soft threshold power. A soft thresholding power equaled to 5 was the most appropriate. (C) Genes were
clustered into 18 modules, with different colors representing different modules. (D) The heat map showed the correlation between the modules and the 28 immune cells.
The black module was highly correlated with immune cells, including a correlation of up to 0.76 with regulatory T cells (p = 5e-95). (E) The 20 KEGG terms with the highest
level of enrichment, and the four most highly enriched terms were staphylococcus aureus infection, Th1 and Th2 cell differentiation, hematopoietic cell lineage and Th17 cell
differentiation. (F) The 20 GO terms with the highest level of enrichment, and the four most highly enriched terms were T cell activation, regulation of lymphocyte
activation, leukocyte cell-cell adhesion, regulation of T cell activation. (G) The network is constructed with each enrichment as a node. *P < 0.05; **P < 0.01; ***P < 0.001;
****P < 0.0001; ns means not significant.
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Results
Construction of Co-Expression Network
The data was downloaded from The Cancer Genome Atlas (TCGA) database (https://portal.gdc.cancer.gov/), including
504 files and 460 cases of OSCC. We removed genes with an average expression <1 (Figure S1). ssGSEA showed the
proportion of primary immunocytes in oral cancers and noncancerous tissues (Figure 1A). Then, the fraction of
regulatory T cells in each specimen was opted for characters of WGCNA.

In this study, we chose β (soft thresholding power) = 5 when the scale-free topology model fit index nearly equaled to
0.9, and the mean connectivity also near 0 (Figure 1B). Then the connectivity and resemblance between genes were

Figure 2 Recognition and verification of hub genes. (A) PPI network of genes from the black module. The higher the connectivity, the darker the color of the node. LCK,
TNFRSF1B were located in the center of the network. (B) 12 hub genes were selected based on overlap between PPI and co-expression networks, they were BTK, CD247,
PDCD1, IL10RA, LAIR1, TNFRSF1B, LCK, C3AR1, IL2RB, DOK2, CXCR3, CCR5. (C) Correlation between expression of hub genes and regulatory T cell abundance. Their
correlations were all above 0.4, with the highest being close to 0.8, and the darker the blue the smaller the p-value. (D–O) Regression fit plots of the correlation between
the expression of 12 hub genes and Treg abundance. Their Pearson correlation were 0.72 (p = 2.6e-81, IL10RA), 0.4 (p = 1.5e-20, LCK), 0.78 (p = 3e-103, LAIR1), 0.72 (p =
1.1e-81, TNFRSF1B), 0.63 (p = 1.8e-57, BTK), 0.41 (p = 2e-21, CD247), 0.58 (p = 1.2e-46, IL2RB), 0.42 (p = 3.7e-23, PDCD1), 0.65 (p = 7.7e-63, DOK2), 0.54 (p = 7.9e-40,
CXCR3), 0.63 (p = 1.2e-57, CCR5), 0.82 (p = 1.1e-123, C3AR1). (P) Heat map of the correlation between Hub genes and the abundance of multiple immune cells.
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computed. And the coefficient of dissimilar genes was inferred. After that, genes were demonstrated through the
hierarchical cluster analysis and the dendrogram was gained by dynamic hybrid cutting. According to this algorithm,
genes that might have similar functions would be grouped into a module. Eighteen modules were generated (Figure 1C).
Of the eighteen modules, the black module was significantly related with the infiltration of cells related to the immune
systems. It reached a correlation of 0.76 with regulatory T cells (p = 5e-95), 0.89 with Myeloid-derived suppressor cells
(p = 7e-169; Figure 1D). Since we aimed to study the relationship between regulatory T cells and oral squamous cell
carcinoma, the black module, which was highly correlated with regulatory T cells, was considered to be the key section.
The genes in the black module were used for KEGG and GO enrichment analysis afterwards. The results illustrated that
the 20 terms with highest enrichment of KEGG and GO were mostly immune-related. The four most highly enriched
KEGG terms were staphylococcus aureus infection, Th1 and Th2 cell differentiation, hematopoietic cell lineage and
Th17 cell differentiation. The four most highly enriched GO terms were T cell activation, regulation of lymphocyte
activation, leukocyte cell-cell adhesion, regulation of T cell activation. (Figure 1E and F). We also showed the network of
inter-regulatory relationships between these GO terms (Figure 1G).

Figure 3 Determination of clinical characteristics and identification of prognostic biomarkers. (A) The expression of 12 hub genes in oral squamous carcinoma tissues was
significantly higher than their expression in normal tissues. (B) The expression of 12 hub genes in oral squamous carcinoma tissues in relation to pathological grade increased
with increasing pathological grade. (C) A meta-analysis that included four data sets showed that these genes were significantly overexpressed in tumor tissue. (D–F) GSEA
plots of LCK, IL10RA, TNFRSF1B showed that immune-related pathways were enriched in the high expression group. For LCK, the three most enriched pathways were
“Allograft Rejection”, “Interferon-alpha response”, and “Interferon-gamma response”. For IL10RA, the three most enriched pathways were “Allograft Rejection”, “Epithelial-
mesenchymal transition”, and “Interferon-alpha response”. For TNFRSF1B, the three most enriched pathways were “Allograft Rejection”, “Interferon-alpha response”, and
“Myogenesis”.
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Recognition and Verification of Hub Genes
Those with high connectivity to other genes in the module were considered to be hub genes potentially associated with
the degree of regulatory T cell infiltration. We used module membership (MM), gene significance (GS) and High
intramodular D within the module (KIM) as indicators for screening. MM >0.7, GS >0.4 and KIM >20 were listed as the
conditions for screening candidate hub genes. We established a protein-protein interaction (PPI) network, ranked the
genes by degree, and then visualized the network using Cytoscape. The higher the connectivity, the darker the color of
the node. LCK, TNFRSF1B were located in the center of the network. (Figure 2A). Combining the two selection criteria,
we selected 12 genes (Figure 2B) as hub genes (BTK, CD247, PDCD1, IL10RA, LAIR1, TNFRSF1B, LCK, C3AR1,
IL2RB, DOK2, CXCR3, CCR5). To verify the relationship of these 12 genes to regulatory T cells, we calculated the
correlation between the gene expression and Tregs abundance. Their correlations were all above 0.4, with the highest
being close to 0.8, and the darker the blue the smaller the p-value (Figure 2C). The calculated results demonstrated a
significant positive relationship between these 12 genes and the infiltration of regulatory T cells in oral cavity tumors.
The calculations showed a positive correlation between hub genes and tumor-infiltrating lymphocytes, with Myeloid-
derived suppressor cells and Tregs showing the highest correlation. Scatter plots of the connection between these 12
genes and the degree of Tregs infiltration were demonstrated in OSCC (Figure 2D–O). Next, we calculated the Spearman
correlation coefficient between expression of genes that in the Center of modules and tumor-infiltrating lymphocyte

Figure 4 LCK, TNFRSF1B and IL10RA was upregulated in OSCC patients and was associated with poor prognosis. (A) Immunohistochemical staining of tissue microarrays.
As clinical staging progressed, staining for IL10RA, LCK and TNFRSF1B ranged from normal tissue to weak to moderate to strong. (B) Differential expression of Biomarkers
between tumour tissue and normal tissue in tissue microarrays. (C) The expression of biomarkers increased with increasing tumour grade. (D) The expression of
biomarkers was positively correlated with lymph node metastasis. (E and F) The expression of biomarkers increased with increasing pathological grade as well as clinical
stages. (G) Kaplan-Meier survival analysis showed that patients with high expression of biomarkers have a shortened overall survival (OS) compared with the
nonoverexpression of them. *P < 0.05; **P < 0.01; ***P < 0.001.
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abundance. These analyses validated that the identified hub genes were closely correlated with the level of regulatory T
cell infiltration (Figure 2P) and played a pivotal role in the immune microenvironment.

Determination of Clinical Characteristics and Identification of Prognostic Biomarkers
We obtained the expressive information about 12 genes from the TCGA database and performed a differential analysis,
which manifested that these genes’ expression in neoplastic lesions was enhanced notably than that in noncancerous
section (Figure 3A). To verify the association of these 12 genes with clinical characteristics, we analyzed their
association with tumor grade in the UALCAN website. The results showed that BTK, CD247, IL2RB, IL10RA, LCK,
PDCD1 and TNFRSF1B were remarkably concerned with tumor grade (p < 0.05), and the expression of the genes
increased when the tumor grade was increased (Figure 3B). Although the expression of C3AR1, CCR5, CXCR3, DOK2
and LAIR1 did not differ significantly between grades, the expression of these genes showed an overall upward trend with
increasing tumor grade (data not shown). Considering that external data should be used to check the differential
expression of genes we selected, we used the four analyses in Oncomine for meta-analysis (Figure 3C). TNFRSF1B,
LCK and C3AR1 had Median Rank values less than 2000. IL10RA, IL2RB and LAIR1 had Median Rank values less than
3000. The results showed that these genes were significantly overexpressed in the tumor tissue, which was in accordance
with what we concluded in the TCGA database. Combining neighborliness in PPI networks and co-expression networks,
Oncomine meta-analysis and correlation analysis of tumor grade, we selected a combination of LCK, TNFRSF1B and
IL10RA as prognostic biomarkers. LCK, TNFRSF1B, and IL10RA were highly associated with immune cell infiltration
and immune checkpoint gene expression in a variety of cancers (Figures S5–S10).

In the light of the median expression of LCK, TNFRSF1B and IL10RA, oral cancer samples from TCGAwere divided
into high and low expressive groups. Then, we utilized the pathway gene set enrichment analysis to study the two groups
we separated. The outcome gave the fact that immune-related pathways were accumulated on the portion in which genes
expressed highly (Figure 3D–F).

LCK, TNFRSF1B and IL10RAWas Upregulated in OSCC Patients and Was Associated
with Poor Prognosis
The expression levels of LCK, TNFRSF1B, and IL10RA in a variety of cancers are shown in Figures S2–S4. To validate
the predictive efficacy of biomarkers, 197 OSCC sections and 32 normal oral mucosa tissues were analyzed by tissue
microarrays. Clinicopathological parameters were assessed in an independent cohort (clinical and pathological data are
listed in Table 1). Immunohistochemistry (IHC) was demonstrated in Figure 4A. The weak/moderate/strong levels of
LCK, TNFRSF1B or IL10RA staining were shown. We found a higher expression of LCK, TNFRSF1B or IL10RA in oral
neoplastic lesions compared with the noncancerous section (Figure 4B). Moreover, results showed that either increased
LCK, TNFRSF1B or IL10RA expression was correlated with higher tumor grade (Figure 4C), lymph node metastasis
(Figure 4D), pathological grade (Figure 4E) as well as clinical stages (Figure 4F). Moreover, as the tumor progressed, the
expression of LCK, TNFRSF1B and LCK gradually appeared in the lymphocytes around the tumor cells. On the basis of
the median immunohistochemistry score, we then divided the tissues into group of high expression and the opposite part,

Table 2 Multiple and Univariate Cox Regression Analysis of the Effect of LCK, TNFRSF1B and IL10RA on Overall Survival

Multivariate Analysis Univariate Analysis

Variable Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value

Tumor grade 0.72 (0.48–1.1) 0.1 0.75 (0.59–0.95) 0.018

Lymph node metastasis 1.03 (0.75–1.4) 0.838 1 (0.85–1.2) 0.947
Clinical stage 0.92 (0.61–1.4) 0.455 0.96 (0.84–1.1) 0.58

Pathological grade 1.49 (0.99–2.22) 0.058 1.1 (0.94–1.4) 0.187

LCK 1.24 (1.14–1.34) <0.001 1.3 (1.2–1.4) <0.001
IL10RA 1.15 (1.06–1.24) <0.001 1.2 (1.1–1.3) <0.001

TNFRSF1B 1.17 (1.07–1.3) <0.001 1.2 (1.1–1.3) <0.001
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and performed Kaplan-Meier survival analysis in combination with OS data obtained from follow-up patients. Patients
with high expression of LCK, TNFRSF1B or LCK tended to have shorter survival (Figure 4G). When univariate and
multivariate cox regressions were performed for the three genes, they were all significant for prognosis independent of
other clinical features, suggesting that they are independent prognostic factors (Table 2).

Knockdown of IL10RA, LCK or TNFRSF1B Significantly Reduced Cell Proliferation and
Invasion
In order to verify the role of LCK, IL10RA or TNFRSF1B in OSCC, we introduced small interfering RNA (RNAi) to
suppress the expression of LCK, IL10RA and TNFRSF1B (Figure 5A, Figures S11–S13) in HN4 and HN6 cell lines. Cell
Counting Kit-8 (CCK-8) and colony formation assays were performed to detect changes in cell proliferative ability. We
discovered that the cell proliferation was diminished after these biomarkers knocking down (Figure 5B and C). Invasive
and migrative capacity was also assessed by Transwell and wound healing experiments, respectively. Results showed that

Figure 5 Knockdown of IL10RA, LCK, TNFRSF1B significantly reduced cell proliferation and invasion. (A) Relative mRNA expression of biomarkers after transfection with
si-LCK, si-TNFRSF1B and si-IL10RA in oral squamous carcinoma cell lines was tested by real time qPCR. (B) CCK8 assays showed decreased proliferation of cells after
knockdown of biomarkers. (C) Colony formation assays showed decreased proliferation of cells after knockdown of biomarkers. (D) Colony formation assays showed
decreased proliferation of cells after knockdown of biomarkers. (E) Transwell assays showed that the invasive ability of cells was reduced after knocking down biomarkers.
*P < 0.05; **P < 0.01; ***P < 0.001.
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the LCK, IL10RA or TNFRSF1B-knockdown group migrated slower compared with the control group (Figure 5D).
Silencing of LCK, IL10RA or TNFRSF1B significantly decreased the invasive ability of HN4 and HN6 cell lines
(Figure 5E).

Discussion
OSCC has the characteristics of high proliferation ability and poor prognosis.21–23 We used TCGA’s OSCC high-
throughput sequencing data to set up a weighted gene co-expression network and quantify the degree about immune
cell infiltration, identifying the gene modules most relevant to Treg cells based on their correlation. After considering the
PPI network, module membership, we finally selected LCK, IL10RA and TNFRSF1B as the most promising prognostic
biomarkers associated with the abundance of regulatory T cells in OSCC.

LCK is a member of the Src kinase family and its expression is associated with poor prognosis.24 It belonged to the
Src kinase family and had a hand in signal transduction downstream of many cell surface receptors,24 the phosphoryla-
tion of it on T cell receptors was a key step in the establishment and connection of signals in the process of T cell
activation.25 Besides, LCK has been covered that it express highly in a great majority of tumors, such as breast
cancer,26,27 nasopharyngeal carcinoma28 and glioma.29 In addition to leukemia, some solid tumors have been treated
with pan-Src family kinase inhibitors, such as dasatinib and saracatinib, both of which are effective in inhibiting tumor
growth.30–34 Furthermore, patients with chronic myeloid leukemia who achieved complete molecular remission with
imatinib treatment showed selective depletion of effector regulatory T cells and an increase in CD8+ T cells.35 LCK may
further stabilize CD28-LCK as a signaling complex by mediating the phosphorylation of CD28 Tyr(207) and subsequent
binding of the Src homology 2 (SH2) structural domain of Lck to this phosphorylated tyrosine.36 In our study, LCK was
at the center of a module highly correlated with Treg cell abundance, and the statistical results of tissue microarrays
showed a poorer prognosis for patients with high LCK expression. Therefore, we hypothesized that LCK may influence
the immune response to OSCC by regulating Treg cells. IL10RA is a high-affinity IL10 receptor,37 which was initially
recognized as a inhibiting factor in the function of immune cells.38 It was a part of the IL10R tetramer structure, and it
bound IL10 together with IL10RB, mediating downstream signal transduction through JAK1/TYK2 and STAT3, and it is
a high-affinity receptor for IL10. In 21% of diffuse large B-cell lymphomas IL10RA was significantly amplified and
blockade of IL10RA with IL10RA antibody induced tumor cell death.39 In another case study, upregulation of IL10RA
expression in anaplastic large cell lymphoma can bring about tumor progression by reconnecting the STAT3 pathway.40

IL10 has been reported to be a cytokine that suppresses the immune response mainly through IL10R,41 and some Treg
subpopulations can directly produce IL10 thereby suppressing the antitumor immune response.42 In contrast to LCK, we
hypothesize that Treg cells may inhibit the antitumor effects of other lymphocytes by producing IL10 and thus binding
IL10RA. Although depletion of Treg cells with small molecule drugs would greatly benefit tumor therapy, the window
period of Treg cells depletion is short and the subsequent autoimmune sequelae are highly detrimental,43 so the possible
core downstream of Treg cells: IL10-IL0RA has a more significant significance. TNFRSF1B belonged to the TNF-
receptor superfamily, and it is in high abundance in microenvironment of tumor tissues.40 Its expression was often
restricted relative to TNFR1, and in mammals its expression was mostly in minor subpopulations of the lymphoid-like
system, such as MDSCs,44 but was abundant in the tumor microenvironment. Also, TNFRSF1B was 10-fold more
abundant than TNFR1 in Treg in human blood. In a variety of human and murine cancers, the researchers found that Treg
cells expressing TNFRSF1B were abundant in the tumor microenvironment.40

In our study, OSCC cells were transfected with si-LCK, si-TNFRSF1B or si-IL10RA. Results showed a decrease in
proliferation, migration and invasion ability. Immunohistochemistry also showed higher expression levels of LCK,
TNFRSF1B and IL10RA in OSCC tissues compared with non-tumor tissues. Moreover, the expression levels were
associated with tumor stage, lymph node metastasis, pathological stage and clinical status. We also observed that patients
with high expression of biomarkers had shorter overall survival. We, therefore, infer that LCK, IL10RA, and TNFRSF1B
are all important links in regulating or being regulated by Treg cells. However, the present study lacks direct experi-
mental data that can demonstrate the interaction of these three biomarkers with Treg cells, which requires further studies
to prove.
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Conclusion
Overall, this study first utilized the WGCNA and ssGSEA algorithms to screen for biomarkers that are highly correlated
with Treg cells in OSCC. TNFRSF1B, LCK and IL10RA were identified as biomarkers indicative of poor prognosis and
possible therapeutic targets for OSCC. Further studies are needed on the specific mechanisms of how these biomarkers
regulate Treg cells leading to the development of oral squamous carcinoma.
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