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ARTICLE INFO ABSTRACT

Keywords: Background: Oral lichen planus (OLP) is a common chronic oral mucosal disease with 1.4 %
Differentially expressed genes malignant transformation rate, and its etiology especially immune pathogenesis remains unclear.
Oral lichen planus This study was aimed at investigating the immune cells related molecular underlying the path-
Immune ophysiology of OLP through bioinformatics analysis

The activated CD4" T cell )

Bi:ir?ffa :::azcsmemory cels Methods: The dataset GSE52130 obtained from the Gene Expression Omnibus (GEO) database was

conducted a comprehensive analysis in this study. The CIBERSORTx was used for investigating
immune cells infiltration. The gene set enrichment analysis (GSEA) and gene ontology (GO)
enrichment were performed for exploring the biological functions and gene annotation. The
protein-protein interactions (PPI) were constructed by STRING database and visualized by
Cytoscape software. The cytohubba plugin was utilized for screening hub genes. The receiver
operating characteristic (ROC) was performed for evaluating diagnostic value of hub genes. The
miRNAs, IncRNAs and drugs were respectively predicted by NetworkAnalyst, miRTarbase,
ENCORI, and DGIdb database.

Results: This study identified 595 differentially expressed genes (DEGs). The GSEA indicated
keratinization, innate immune system and biological oxidation were involved in OLP. GO analysis
showed extracellular matrix and keratinocyte were mainly enriched. And we found the activated
memory CD4" T cells were lowly infiltrated in OLP. We identified 101 activated memory CD4 " T-
cells-related DEGs. Three hub genes (APP, IL1B, TF) were selected. APP and IL1B were signifi-
cantly up-regulated, whereas TF was down-regulated in OLP. The three hub genes show high
diagnostic value in OLP. Additionally, they were involved in MAPK signal, NF-kappaB signal and
iron metabolism in OLP. What’s more, NEAT1/XIST - miR - 15a - 5p/miR - 155-5p - APP/IL1B
signal axis was focused in competing endogenous RNA (ceRNA) network. In addition, 35 drugs
were predicted for OLP.

Conclusion: Three activated memory CD4" T-cells-related DEGs were identified by integrative
analysis. It may provide novel insight into the pathogenesis of OLP and suggest potential thera-
peutic targets for OLP.

1. Introduction

Oral lichen planus (OLP) is regarded as an oral mucosa disease manifested with chronic inflammatory, which is correlated with
autoimmunity. The incidence of OLP is about 0.87 % in Asian populations [1]. Clinically, the OLP is mainly divided into two types:
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erosive type and non erosive type. It’s reported that erosive OLP has a longer course of disease and recurrent attacks which affecting
the physical and mind well-being of patients [2]. Besides, it is approximately 1.4 % OLP prone to transform to oral squamous cell
carcinoma (OSCC) [3]. Despite a variety of treatments for OLP, almost no strategies of treatment are curative. Currently, misdiagnosis
commonly happens in OLP which causing the overestimation of the risk of malignant transformation [4]. It without doubt makes it
difficult for the treatment of OLP. Therefore, the accurate diagnosis is essential and necessary for OLP.

Recently, the biomarker in diagnosing disease is increasingly widespread. Study showed IL12RB2/TNFRSF8 ratio can be applied
for diagnosis for OLP [5]. In addition, salivary cytokines may also serve as biomarker to diagnose OLP prognosis [6]. However, the
biomarker for precise diagnosis of OLP are still largely limited because of the unclear pathogenesis. Consequently, exploring the
molecular mechanisms of OLP is essential, and it may be helpful for the identification of accurate biomarker for the diagnosis and
treatment of OLP.

Although the etiology of OLP is complex and unclear, increasing studies suggest the immune mechanisms may have important
functions on OLP pathogenesis [7,8]. As known, the T cell, which recruited by cytokine, chemokine and adhesion molecule, mediated
the inflammatory in OLP [8]. With the population of ChIP sequencing, bioinformatic analysis without doubt has an advantage for
large-scale data analysis. To date, several studies have employed the bioinformatic analysis to investigate the underlying immune
mechanisms of OLP. Lou Geng et al. [9] found that the T follicular helper cells and T regulatory cells are more infiltrated in OLP by
bioinformatic analysis. Interestingly, the two subtypes of OLP classified by the CD8" T-cell marker genes showed a difference in
immune infiltration [10]. Obviously, exploring the underlying immune pathogenesis may contribute to the diagnosis and treatment for
OLP. However, the immune pathogenesis is still not clear and further investigation needed.

Therefore, this study aimed to investigate the abundance of immune cell infiltration in OLP. Further, the differentially expressed
activated memory CD4" T-cells-related genes were identified. Moreover, enrichment analysis was performed. Besides, the hub genes
were selected. And the diagnostic value was assessed. In addition, the competing endogenous RNA (ceRNA) and drug network were
constructed. Above all, this study may provide a novel idea or direction for the diagnosis and treatment for OLP.

2. Materials and methods
2.1. Data acquisition and processing

We screened and acquired the OLP-related dataset GSE52130 [11] from the Gene Expression Omnibus (GEO) database. The dataset
GSE52130 was downloaded from the GPL10558 platform (Illumina HumanHT-12 V4.0 expression beadchip), containing 7 normal oral
epithelium tissues (GSM1260102-GSM1260108) and 7 oral lichen planus epithelium (OLPE) tissues (GSM1260095-GSM1260101). We
used the R package limma (v3.52.2) [12] normalizeBetweenArrays to normalize the dataset GSE52130. We employed the box graph to
visualize the normalization of samples by R package ggplot2 (v3.3.6) [13]. And the clusters of samples were observed by PCA graph.

2.2. Identification of differentially expressed genes (DEGs)

According to sample information of the dataset GSE52130, the samples were divided into normal and OLPE groups, then we
analyzed the difference between the two groups by R (v4.2.1) package limma [12], and used Benjamini-Hochberg method to adjust
p-values for multiple testing. Setting |logFC| (absolute log2 value in the fold change) > 1 and adjust p < 0.05 as the threshold. The
differential analysis results were visualized using volcano map and heatmap, which plotted by R package ggplot2 (v3.3.6) [13].

2.3. Identification of the activated memory CD4" T-cells-related DEGs

We estimated the abundance of immune cells using gene expression data of the dataset GSE52130 by CIBERSORTx [14] (https://
cibersortx.stanford.edu/). The LM22 matrix was selected as reference. LM22 matrix, leukocyte signature matrix, is gene expression
signature data for 22 immune cells, including seven T-cell types, naive and memory B cells, plasma cells, NK cells, and bone marrow
subsets. Then, we used correlation analysis to obtain the genes correlated with the abundance of the activated memory CD4™ T cells. R
(correlation coefficients) > 0.6 was regarded as the activated memory CD4™" T-cells-related DEGs.

2.4. Enrichment analysis

To better explore the biological functions and molecular mechanisms of the DEGs in OLP, we performed the enrichment analysis
utilizing gene set enrichment analysis (GSEA) [15], gene ontology (GO) enrichment and kyoto encyclopedia of genes and genomes
(KEGG) pathway enrichment analysis. Enrichment analysis was conducted by R package ClusterProfiler (v4.4.4) [16]. FDR (false
discovery rate) < 0.25 and p < 0.05 were considered as statistical significance in GSEA. A threshold p < 0.05 was considered as
significant in GO enrichment and KEGG pathway enrichment analysis. The results of enrichment analysis were visualized by R package
ggplot2 (v3.3.6) [13].

2.5. Construction of protein—protein interaction (PPI) network and identification of hub genes

PPI network was predicted and constructed by the STRING database [17] (https://cn.string-db.org/). The confidence threshold was
set as 0.15. PPI network was visualized using the CytoScape (v3.8.2) software [18]. The top 10 hub genes were screened through the
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Cytohubba plugin [19] according to MCC, MNC and Degree, respectively.

2.6. Receiver operating characteristic (ROC) curve analysis of the hub genes

The ROC curve reflects the relationship between sensitivity and specificity, and the area under the curve (AUC) can evaluate the
value of diagnostic experiments. We performed the ROC analysis of the hub genes by the R package pROC (v1.18.0) [20]. p < 0.05 was
regarded as significant. And we applied the R package ggplot2 (v3.3.6) [13] to visualize the results.

2.7. Construction of ceRNA network

We predicted the target miRNAs by the NetworkAnalyst 3.0 [21] (https://www.networkanalyst.ca/) and miRTarbase [22]
(https://mirtarbase.cuhk.edu.cn/). The miRNAs which performed in both tools were selected. The IncRNAs were analyzed based on
the ENCORI [23] (http://starbase.sysu.edu.cn/). The values were set as following: human , CLIP-Data >5 , CLIP-Region p < 0.05. We
used the CytoScape (v3.8.2) software to construct and visualize ceRNA network among IncRNAs, miRNAs and mRNAs.

2.8. Drug network construction

The DGIdb (v4.2.0) [24] (https://dgidb.org/) provides the information of drug-gene interactions and potentially druggable
category. Hence, we explored the target drugs based on the DGIdb. The screening criteria were as following: FDA approved, 22 source
databases, 43 gene categories, 31 interaction types. The drugs-mRNAs network was performed through the CytoScape (v3.8.2)
software.

2.9. Statistical analysis

Normality analysis was assessed by Shapiro-Wilk normulity test. Levene’s test was used for variance analysis. We performed the
differential analysis between the two groups with a non-normal distribution by the Mann-Whitney U test. p < 0.05 was considered
statistically significant. Spearman correlation was used to perform the correlation analysis.
3. Results
3.1. Identification of DEGs in OLP

The workflow chat of this study was illustrated in Fig. 1. Firstly, we performed the standardization on the dataset GSE52130. As

Fig. 2A shown, the medium intensity of each sample was consistent after normalization. The principal component analysis (PCA) plot
suggested a good separation between normal and OLPE samples (Fig. 2B). We identified 595 DEGs through differential analysis
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Fig. 1. Workflow chart of this study.
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between normal and OLPE groups. Additionally, there were 332 up-regulated genes and 263 down-regulated genes. The DEGs were
showed in Table S1. The volcano map (Fig. 2C) and heatmap (Fig. 2D) displayed the DEGs, respectively.

3.2. Enrichment analysis for DEGs

To figure out the biological functions of the DEGs, GSEA analysis was performed for all genes. The results indicated the OLP was
mainly related to keratinization, receptor interaction, innate immune system, biological oxidation, metapathway biotransformation
phase I and II and phase I functionalization of compounds (Fig. 3A and B). Subsequently, we applied GO enrichment and KEGG
pathway enrichment analysis for 595 DEGs. GO enrichment analysis showed the 595 DEGs were mainly enriched in extracellular
matrix and keratinocyte. And KEGG pathway enrichment included ECM-receptor interaction, protein digestion and absorption and so
on (Fig. 3C). Taken together, enrichment analysis revealed that the DEGs mainly mediated into ECM process, an important component
of the tumor microenvironment.

3.3. Identification of the activated memory CD4" T-cells-related DEGs

As the ECM may play important role in the immune status, we explored the immune microenvironment between normal and OLP
groups. The different immune cells infiltration between the normal and OLPE groups was estimated by CIBERSORT algorithm per-
formed based on the CIBERSORTx website. Fig. 4A displayed the composition of 22 immune cells in each sample. Further analysis
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Fig. 2. Identification of DEGs between the normal and OLPE groups for GSE52130 dataset.
(A) The boxplot of GSE52130 dataset after normalization. (B) The PCA plot. Volcano plot (C) and heatmap (D) representing the differential
expression genes, respectively. OLPE, oral lichen planus epithelium; DEGs, differentially expressed genes; PCA, principal component analysis.
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Fig. 3. Enrichment analysis of DEGs.

The significantly up-regulated (A) and down-regulated (B) enrichment gene sets by GSEA. (C) The bar chart showing the significant enrichment
terms through GO enrichment analysis and KEGG pathway enrichment analysis. BP, biological process; MF, molecular function; CC,
cellular component.

indicated the OLPE group was infiltrated with lower abundance of activated memory CD4" T cells comparing with the normal group
(Fig. 4B). Then, to further explore the landscape of activated memory CD4 " T cells, the correlation analysis was performed between the
DEGs and the activated memory CD4" T cells. We identified 101 DEGs correlated with the abundance the activated memory CD41 T
cells (R > 0.6, p < 0.05), regarded as the activated memory CD4" T-cells-related DEGs (Fig. 4C). 50 up-regulated and 51 down-
regulated genes were observed among the activated memory CD4%1 T-cells-related DEGs, respectively. These activated memory
CD4" T-cells-related DEGs may played important role in the OLP happening.

3.4. Construction of PPI network and identification of the hub genes

To filter out the key gene from the activated memory CD4" T-cells-related DEGs, the PPI network was constructed. Fig. 5A was PPI
network of the activated memory CD4™" T cells related DEGs. We selected the top 10 hub genes according to MCC, MNC and Degree
ranks calculated by the Cytohubba plugin, respectively (Table 1) (Fig. 5C-E). Three hub genes, including APP, IL1B and TF, were
acquired by taking the intersection of the genes in MCC, MNC and Degree (Table 2) (Fig. 5B). This indicated that the three hub genes
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Fig. 4. Identification of the activated memory CD4" T-cells-related DEGs in OLP.

(A) Histogram overlay showing the abundance of 22 immune cells of GSM1260095 - GSM1260108 in OLP. (B) Abundance of activated memory
CD4™" T cells between the normal and OLPE groups. (C) Volcano plot for the activated memory CD4" T-cells-related DEGs. *p < 0.05, **p < 0.01,
***p < 0.001.

might be the driven-genes in OLP happening and development.

3.5. Enrichment analysis for the hub genes

In order to further undestand the functions and mechanisms of hub genes in OLP genesis, we performed the GO enrichment analysis
and KEGG pathway enrichment analysis for the hub genes. The GO enrichment analysis revealed the hub genes mainly enriched in
MAPK signal, NF-kappaB signal and iron metabolism (Fig. 6A-C). In addition, the KEGG pathway enrichment analysis showed NF-
kappaB signal and ferroptosis were enriched (Fig. 6D). These results showed the hub genes might be involved in OLP through NF-
kappaB and ferroptosis signalling pathway.

3.6. Diagnostic value of the hub genes
In GSE52130 dataset, the APP and IL1B were significantly up-regulated and TF was significantly down-regulated in the OLPE group

(p < 0.05) (Fig. 7A-C). In order to estimate the diagnostic significance of the hub genes, the ROC analysis was conducted. The results
suggested the APP, IL1B and TF showed the high diagnostic value with the AUC of 1.000, 1.000 and 0.898, respectively.
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Fig. 5. The PPI network of the activated memory CD4" T-cells-related DEGs and the hub genes.

(A) The PPI network of 101 genes. (B) Venn diagram showing the three hub genes of overlap among MCC, MNC and Degree. The top 10 hub genes
ranked by MCC (C), MNC (D), Degree (E). Blue ellipse represented the down-regulated the activated memory CD4" T-cells-related DEGs, pink ellipse
represented the up-regulated the activated memory CD4" T-cells-related DEGs. (For interpretation of the references to colour in this figure legend,

the reader is referred to the Web version of this article.)

Table 1
The top 10 hub genes ranked by MCC, MNC and Degree, respectively.
MCC MNC Degree
IL1B IL1B IL1B
APP APP APP
ABCA7 COL6A3 HSPA12A
ABCG1 TF CES1
HMGCS1 CRMP1 HTRA1
TF HTRA1 TNNT1
CRMP1 RIMS3 GNA11l
CES1 SH3GL3 ADAP2
HSPA12A TNNT1 WWOX
COL6A3 S100A7 TF
Table 2
The details of the intersected hub genes.
Gene symbol Full name Description
TF transferrin TF is iron binding transport proteins which transports iron from sites of absorption
IL1B interleukin 1 beta IL1B is potent proinflammatory cytokine
APP amyloid beta precursor protein APP is involved in cell mobility and transcription regulation.
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Fig. 6. Enrichment analysis of the three hub genes.
(A) Biological process terms. (B) Molecular function terms. (C) Cellular component terms. (D) KEGG pathway enrichment terms.

3.7. Construction of ceRNA and drug networks for the hub genes

To comprehensively understand the molecular mechanisms in OLP, we predicted the IncRNAs-miRNAs-mRNAs ceRNA network. As
shown (Fig. 8A), there were 6 miRNAs and 19 IncRNAs predicted for APP. 4 miRNAs and 10 IncRNAs were selected for IL1B. One
miRNA and three IncRNAs of TF were acquired. Next, we selected miRNAs (miR-15-5p and miR-155-5p) and IncRNAs (XIST and
NEAT1) reported in OSCC for the further study (Fig. 8B). We speculated the NEAT1/XIST-miR-15a-5p/miR-155-5p-APP/IL1B signal
axis might play an important role in the malignant transformation of OLP.

What’ s more, we predicted the potential target drugs of the hub genes by the DGIdb database. 35 drugs were selected for the hub
genes. There were 4, 28 and 2 drugs targeted on APP, IL1B and TF, respectively (Fig. 8C).

4. Discussion

The OLP is one of the most common chronic inflammatory diseases of oral mucosa, which is easy to recurrent attacks [1]. It is
considered as a potential malignant oral disease by the WHO [3]. The pathogenesis of OLP is still not clear. Several studies have found
that immune factors participated in the pathogenesis of OLP [7]. Even so, how the immune mechanism responds in OLP remains
unclear. Therefore, it is necessary to further elucidate the exact role of immune factors in the pathogenesis of OLP.

Hence, to explore the underlying immune mechanism of OLP, we performed an integrated analysis on GSE52130 dataset with 7
OLPE samples and 7 normal samples. We identified 595 DEGs between normal and OLPE groups. Further, the GSEA analysis and GO
and KEGG enrichment analysis indicated these genes were mainly involved in extracellular matrix (ECM) and keratinocyte. As known,
the ECM is an important component of the tumor microenvironment [25]. ECM structures influence immune cell localization and
function [26]. In addition, ECM remodeling regulated immune cells and resulted in immune escape in tumor progression [27].
Consistently, previous study found ECM proteins significantly increased might be involved in self-driving mechanism in OLP [28].
Taken together, the ECM may play a key role in the immune status in OLP.

To investigate the immune cell infiltration level, the 22 immune cells were estimated by CIBERSORTx. Of note, the activated
memory CD4" T cells were low infiltrated in OLP tissue. As known, memory CD4" T cells have several notable characteristics,
including long-term survival, low-threshold activation, enhanced ability to migrate to lymph nodes [29,30]. An increased number of
activated memory CD4 " T cells and differentiation into certain T cells subset was found after secondary antigenic stimulation [31,32].
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Fig. 7. The diagnostic value of the three hub genes.

The box plot displayed the expression level of APP (A), IL1B (B) and TF (C) between the normal and OLPE groups, respectively. ROC curve for APP
(D), IL1B (E), TF (F).

It has been reported the memory CD4" T cells from immunological non-responders of HIV might weaken metabolic activity of
lymphocyte, thus reduced T cell ability to divide [33]. Consequently, we speculate that the low activated memory CD4" T cells may be
associated with the immune restoration in OLP. Next, in order to explore the role of the activated memory CD4 " T cells, we analyzed its
associated genes in OLP. 101 genes were identified.

In the PPI network constructed in this study, the top 10 genes with multiple interactions were highlighted as the most significant
hub genes by the cytohubba plugin. What’s more, to further investigate the roles of these genes in OLP, three hub genes including APP,
IL1B and TF were selected by taking the intersection of different algorithms. Among them, APP and IL1B were significantly up-
regulated in OLP, yet TF was significantly down-regulated. As for the diagnostic value, APP and IL1B showed high diagnostic accu-
racy with both the AUC 1.000, and TF have a moderate diagnostic accuracy (AUC = 0.898) [34]. It indicated the three genes may be
promising diagnostic targets for OLP. APP, namely amyloid beta precursor protein, was known to participate in the progression,
proliferation, and migration of cancer cells [35]. It was reported APP was up-regulated in multiple tumors, including breast, pancreatic
and OSCC [36,37]. Obviously, this study investigated the role of APP in OLP, providing the potential immune molecular mechanism,
firstly. Consistent with our results, de Lanna CA et al. [38] reported immunity-related gene IL1B was overexpressed in OLP. Similarly, a
previous study has demonstrated expression of IL1B in keratinocytes was increased in OLP [39]. As known, TF is an important
molecule binding and transporting iron. Especially, we found that TF was positively associated with the expression of the key
ferroptosis-regulated protein glutathione peroxidase (GPX4) in OLP (R = 0.807, p < 0.001) (Fig. 9). Consistently, TF was mainly
involved in iron metabolism and ferroptosis by enrichment analysis (Fig. 6) in this study. In addition, another proteomic analysis
showed salivary TF might serve as a biomarker for early detection in oral cancer [40]. Therefore, it’s necessary to explore whether TF
influenced the progress of OLP through ferroptosis. Taken together, investigating the molecular mechanism of the three hub genes may
improve our understanding of the etiology of OLP.

In the IncRNAs-miRNAs-mRNAs ceRNA network, there were 6, 4 and 1 miRNAs predicted for APP, IL1B and TF, respectively. And
19, 10 and 3 IncRNAs were also separately selected for APP, IL1B and TF. A cross-sectional study found the expression of miRNA-15a-
5p was increasing in OSCC [41]. In addition, it reported miR-155-5p promoted progression of oral cancer [42]. Interestingly, two
predicted IncRNAs including XIST and NEAT1 were both reported to be up-regulated in OSCC and promote the malignancy [43,44].
Based on this, we speculated the NEAT1/XIST - miR-15a-5p/miR-155-5p- APP/IL1B signal axis might play an important role in the
malignant transformation of OLP. Of course, further analysis and verification were necessary for clarifying the effect of these genes on
OLP.
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Fig. 8. Construction of ceRNA network and drug network for the three hub genes.

(A) The IncRNAs - miRNAs - mRNAs ceRNA network. (B) NEAT1/XIST - miR - 15a - 5p/miR - 155-5p - APP/IL1B signal axis. C The drug network.
Pink ellipses indicated the hub genes, orange diamonds indicated miRNAs, blue rectangles indicated IncRNAs, purple ellipses indicated drugs. (For
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

This study still has some limitations. First, in order to clarify the mechanism more comprehensively in OLP, integrated analysis of
blood and oral tissue samples is necessary. However, this study only conducted analysis based on oral tissue, due to lack of microarray
data from blood samples of OLP. Second, the small sample size may limit the robustness of our statistical analysis. Although the
relatively small sample size was adequate to detect differences in gene expression, it may have limited our ability to detect fold change
in DEGs, which may deviate from the actual value. And it may lead to low diagnostic accuracy of the three hub genes associated with
OLP. Hence, expanding the sample size for further external validation is warranted. Third, high false-positive rate may resulted from
single microarray analysis, thus, to improve the accuracy, analysis of integrating multiple data is needed in the future study. Finally,
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further experiment validation is necessary to fully identify the function of hub genes and the underlying mechanisms of OLP.

In summary, this study investigated the underlying immune molecular mechanisms of OLP by a comprehensive bioinformatic
analysis. We identified the genes correlated with the abundance the activated memory CD4" T cells in OLP. In addition, 3 hub genes
were selected as potential candidate targets through a comprehensive analysis, including the function enrichment analysis, PPI
network analysis, and ROC curve analysis. Nevertheless, more experiments are required for further verifying the findings in this study.
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