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Purpose: Oral lichen planus (OLP) is a potentially malignant condition with unclear etiology. This study aimed to identify potential
biomarkers and mechanisms for OLP progression through bioinformatics analyses.
Methods: Gene Expression Omnibus (GEO) datasets were screened to identify differentially expressed genes (DEGs) between OLP
patients and healthy individuals. The functions and enriched pathways of the DEGs were identified. Sequencing dataset GSE70665
was then used to analyze the role of DEGs in the development of OLP to oral squamous cell carcinoma (OSCC). Oncomine and The
Cancer Genome Atlas (TCGA) databases were utilized to evaluate clinicopathological characters of OSCC. Univariate and multi-
variate Cox regression models were used to identify independent prognostic factors.
Results: A total of 24 DEGs were identified between OLP and normal samples. FAM3B was under-expressed in OLP compared with
normal samples and was further significantly downregulated in OSCC compared with OLP. Under-expression of FAM3B was
significantly correlated with tumor stage and disease-specific survival (DSS), progression-free interval (PFI) and overall survival
(OS) of OSCC patients. With univariate and multivariate Cox regression analysis, FAM3B was an independent prognostic factor.
Conclusion: Under-expression of FAM3B was associated with the development and malignancy of OLP. FAM3B may serve as
a potential prognostic biomarker for OLP.
Keywords: bioinformatics, potentially malignant condition, oral squamous cell carcinoma, prognosis

Introduction
Oral lichen planus (OLP) is a localized chronic inflammatory oral mucosal disease that is induced by T-cell
dysfunction and typically characterized by the presence of white lace-like lesions.1 The global pooled prevalence
of OLP is 1.01%, with a higher prevalence in Europe (1.43%).2 The disease is most common in middle-aged
people and occurs predominantly in females (2:1).3,4 There are six clinical patterns: reticular (the most common),
atrophic/erosive, ulcerative, plaque, papular, and vesicles/bullous.5 Oral lesions are commonly chronic and
asymptomatic when there are no concomitant atrophic or erosive lesions.6 Histopathological features include
liquefaction degeneration of the basal epithelial cell layer, a well-defined sub-epithelial band-like zone of
lymphocytic infiltration, and the absence of epithelial dysplasia.7 Although genetic background, immunologic
status and infections are considered to be the main predisposing or provoking factors, the etiology and pathogen-
esis of OLP remain incompletely understood.3

Variation in patient response to specific therapies is a well-recognized issue. The clinical management of OLP
presents great challenges for oral physicians.8 OLP shows little spontaneous regression, and it is classified as
a potentially malignant condition by the World Health Organization. About 1.37% of OLP patients develop oral
squamous cell carcinoma (OSCC).9 The malignant transformation rate of OLP is actually underestimated owing to
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restrictive diagnostic criteria and inadequate data.10 Tongue localization, presence of atrophic-erosive lesions,
tobacco use, alcohol consumption, and hepatitis C virus infection are considered to be risk factors for malignant
transformation.10 OSCC accounts for 90% of head and neck squamous cell carcinomas.11 Owing to the high
recurrence rate and tendency to metastasis of OSCC, the prognosis of OSCC patients is unsatisfactory, with
a 5-year survival rate of only 50%.12 Early diagnosis and treatment of OLP can effectively prevent disease
progression and reduce the burden on patients and society. To date, the underlying mechanisms initiating
development of cancer in OLP lesions have not been understood. It is vital to identify robust biomarkers for
the diagnosis, prognosis and treatment of OLP.

The development of microarray and RNA sequencing technology provides a new perspective for biomedical
research. In the current study, on the basis of various databases, we quantified changes in mRNA expression in
OLP patients and healthy individuals to identify the potential regulatory mechanism of OLP. Moreover, we
analyzed the differential mRNA expression between OLP and OSCC in the same patients, and explored its
correlations with clinicopathological features and prognosis, in order to identify potential biomarkers of OLP
malignant transformation. This study provides insight into the mechanisms of OLP development at the transcrip-
tome level and explores potential biomarkers for the development and malignancy of OLP.

Materials and Methods
Acquisition of Data of Gene Expression Profiles
The expression profiling datasets GSE38616, GSE52130, and GSE70665 were acquired from the Gene Expression
Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo/). In GSE38616, there were seven samples from OLP patients and
seven samples from healthy individuals.13 Similarly, in GSE52130, the numbers of samples from OLP patients and
normal individuals were both seven.14 GSE70665 included paired OLP and OSCC and adjacent normal oral mucosa from
the same patients.15

Differential Expression Analysis and Validation of Common Differentially Expressed
Genes (DEGs)
The online GEO2R tool was used to identify DEGs. The following criteria were applied: (1) |log2 (fold change)| ≥ 1; (2)
p-value < 0.05. A t-test was performed to determine p-values, and adjusted p-values were calculated. In GSE38616 and
GSE52130, DEGs between OLP and normal samples were identified, and heatmaps and volcano plots analyses were
used to visualize these DEGs using the complex heatmap and ggplot2 packages of the R software. The online tool
Venny 2.1 (http://bioinfogp.cnb.csic.es/tools/venny/index.html) was used to identify the DEGs in common for the two
datasets.

Functional Enrichment Analysis of Common DEGs
DAVID (https://david.ncifcrf.gov/tools.jsp) was used for gene ontology (GO) enrichment and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway analyses of the common DEGs. The GO terms included biological
process (BP), cellular component (CC) and molecular function (MF) terms. A p-value < 0.05 was considered
significant.

Protein-Protein Interaction (PPI) Network Analysis
STRING (https://string-db.org/) was used for PPI network analysis. The DEGs were mapped onto the PPI network
with a minimum interaction score of 0.4. Cytoscape v3.7.1 software was used to visualize the PPI network. Gene
network clustering analysis was performed to identify the key PPI network modules, using the MCODE app from
the Cytoscape software suite. An adjusted p-value < 0.05 was set as the significance threshold.
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Identification and Validation of Key Genes in OLP Malignancy
Genes showing continuous upregulation or downregulation patterns between normal tissue and OLP and between
OLP and OSCC in the GSE70665 dataset were identified and denoted “up tendency genes” and “down tendency
genes”. The intersection of “up/down tendency genes” in GSE70665 and the 24 common DEGs between
GSE38616 and GSE52130 were carried forward as potential key genes in malignant progression to OSCC.

The Cancer Genome Atlas (TCGA, https://www.cancer.gov/about-nci/organization/ccg/research/structural-
genomics/tcga) and Oncomine (https://www.oncomine.org/resource/login.html) gene expression datasets were
used to verify the mRNA levels of the key genes. The cutoffs for p-value and |fold change| were defined as
0.01 and 2, respectively. The TCGA OSCC cohort contained 502 OSCC samples and 44 normal samples,
including 40 paired samples of OSCC vs adjacent normal tissue, and the level 3 HTSeq-FPKM data were
transformed into TPM (transcripts per million reads) for further analyses. A receiver operating characteristic
(ROC) curve was created using the pROC R package to investigate the biomedical predictive value of the key
genes. The Human Pathology Atlas project (HPA, https://www.proteinatlas.org) was used to confirm the tran-
scriptomic results. Immunohistochemistry (IHC) images in OSCC and normal tissues from the same patient were
obtained from HPA project.

Tissue sections from OLP and OSCC patients were collected for IHC staining, which was performed as previously
described.16 Primary antibodies (anti-FAM3B, 1:100, Proteintech, Chicago, IL, USA; anti-KRT75, 1:100, Santa Cruz
Biotechnology, Santa Cruz, CA, USA; anti-PI3, 1:50, Proteintech) and a secondary antibody two-step kit (EliVisionTM

Super Plus, Fuzhou, China) were used. The staining was visualized with a DAB chromogenic reagent kit (MXB, Fuzhou,
China). The images were captured using a microscopy (Olympus, Japan).

Prognostic Value of FAM3B
In the TCGA cohort, clinical traits were analyzed according to patient characteristics, including ethnicity, gender,
age, smoking status, stage and grade. Survival analysis was performed using the Kaplan-Meier method, and Cox
regression analysis was used to compare differences between groups. Prognostic factors were evaluated by
univariate Cox regression. All variables identified as significant in the univariate Cox regression analysis (p <
0.05) were subjected to multivariate Cox regression analysis. Multivariate Cox regression was performed to
identify independent prognostic factors. All statistical analyses were performed in R (v3.6.2). The cut-off value
for FAM3B expression was determined by its median value. A p-value < 0.05 was considered significant in all
tests. Then, a prognostic nomogram was constructed to facilitate prediction of 3-, 5-, and 7-year disease-specific
survival (DSS) for OSCC patients using the rms R package. The discrimination of the nomogram was calculated
based on the concordance index.

Results
Identification of DEGs
The datasets GSE38616 and GSE52130 were downloaded from the GEO database, and the DEGs between OLP patients
and normal individuals were analyzed using the online analysis tool GEO2R. A total of 57 upregulated and 22
downregulated genes were identified in GSE38616, and 521 upregulated and 331 downregulated genes were identified
in GSE52130. Volcano plots and heat maps of the DEGs are shown in Figure 1A–D. As shown in Figure 1E and Table 1,
we identified the intersection of DEGS from these two datasets and obtained a total of 24 common DEGs, comprising 20
upregulated and four downregulated genes.

Functional and Pathway Enrichment of DEGs
GO and pathway enrichment analyses of DEGs were performed using the DAVID 6.8 online tool. The GO
analysis demonstrated that the DEGs were mainly enriched in the cornification, keratinization, keratinocyte
differentiation, epidermal cell differentiation, and skin development BPs; the cornified envelope, keratin filament,
cluster of actin-based cell projections, lamellar body, and intermediate filament CCs; and the serine-type
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endopeptidase inhibitor activity, endopeptidase inhibitor activity, peptidase inhibitor activity, endopeptidase
regulator activity, and peptidase regulator activity MFs. The main KEGG pathways in which DEGs were enriched
were Tryptophan metabolism, steroid hormone biosynthesis, chemical carcinogenesis, Fc gamma R-mediated
phagocytosis, and C-type lectin receptor signaling pathway. The details of these results are displayed in
Figure 2A and Table 2.

PPI Network Analysis of DEGs
The interactions of 24 DEGs were analyzed using the STRING online database. The PPI network was obtained using the
Cytoscape software (Figure 2B). The MCODE plugin was then used to investigate the key PPI network modules. As
shown in Figure 2C, one key module with seven upregulated genes (SPRR2B, SPRR2D, SPRR2E, LCE3D, LCE3E,
CDSN, and PI3) was identified.

Figure 1 Identification of DEGs. (A and B) Heatmaps of top 20 up- and downregulated DEGs between the OLP samples and normal samples in datasets GSE38616 and
GSE52130. Red rectangles represent high expression, and blue rectangles represent low expression. (C and D) Volcano plot of DEGs between the OLP samples and normal
samples in datasets GSE38616 and GSE52130. The red plots represent upregulated genes, the blue plots represent downregulated genes, and the black plots represent
nonsignificant genes. (E) Venn diagram of DEGs between the OLP samples and normal samples in datasets GSE38616 and GSE52130. Up represents upregulated genes, and
down represents downregulated genes.

https://doi.org/10.2147/IJGM.S346617

DovePress

International Journal of General Medicine 2022:15766

Wang et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Identification and Validation of Key Genes in OLP Malignancy
A Venn diagram of “up/down tendency genes” in GSE70665 and the 24 common DEGs between GSE38616 and
GSE52130 is presented in Figure 3A. As shown in the diagram, three upregulated genes (KRT75, PI3, and S100A12)
and one downregulated gene (FAM3B) were identified.

Next, the expression of these four genes in OSCC was analyzed based on TCGA. As shown in Figure 3B,
KRT75, PI3, and FAM3B were differentially expressed in patients with OSCC compared within healthy indivi-
duals. In addition, among the 40 paired samples of OSCC vs adjacent normal tissue, KRT75, PI3, and FAM3B
showed significantly differential expression in OSCC compared with adjacent normal tissue (Figure 3C).
However, there were no statistically significant changes in S100A12 expression in either the unpaired or the
paired samples.

Next, the expression levels of KRT75, PI3, and FAM3B in OSCC were analyzed using the Oncomine gene expression
microarray database. As shown in Figure 4, FAM3B showed significantly lower expression in OSCC than in normal
tissue in all four relevant analyses. KRT75 and PI3 were over-expressed in OSCC compared with normal individuals in
only five of the seven relevant analyses.

We then examined whether the mRNA changes of these three genes (KRT75, PI3, and FAM3B) were reflected
at the protein level. As shown in Figure 3D, IHC staining of tumor and normal tissue in the same OSCC patient
from HPA project suggested that FAM3B protein expression was lower in the tumor tissue compared with normal
tissue. As shown in Figures S1–S3, FAM3B was downregulated in OLP compared with adjacent normal tissues,
and it was under-expressed in OSCC compared with OLP. However, PI3 was more highly expressed in OLP than

Table 1 Twenty-Four DEGs Common to the GSE38616 and GSE52130 Datasets

Gene Symbol GSE38616 GSE52130 Regulation

log2FC p-value log2FC p-value

LCE3E 2.1328846 0.0495666 5.502073692 9.52E-07 Up

CDSN 2.7159691 0.0179495 5.424844785 1.30E-05 Up
LCE3D 2.0618696 0.0468535 5.39449789 5.19E-05 Up

SPINK6 1.5933786 0.0341657 4.497913402 7.36E-05 Up

KRT75 1.8502366 0.0444057 3.87552591 0.001692 Up
SPRR2B 1.8731781 0.0408684 3.791755329 0.000195 Up

WFDC12 2.6159293 0.0234887 3.592034804 7.14E-05 Up

SERPINB7 1.0334381 0.0465473 3.143289291 5.34E-05 Up
PI3 1.5935277 0.0335357 3.028328238 0.000133 Up

SPRR2E 1.7855011 0.0499586 3.007299487 0.003141 Up

IGFL2 1.0035584 0.0378479 2.883951315 0.001412 Up
WFDC5 1.4576934 0.0379241 2.739114809 3.30E-05 Up

SPRR2D 1.3368447 0.0155502 2.369164868 0.009744 Up

S100A12 1.2007239 0.0387263 2.160098068 0.000621 Up
KLK12 1.3880133 0.010887 2.118674094 0.000263 Up

NELL2 1.0884771 0.0143149 1.9764426 0.006775 Up

KLK5 1.2051479 0.0438938 1.53964177 0.000148 Up
ADAMDEC1 1.7067847 0.0109491 1.28324513 0.004926 Up

IDO1 1.7321471 0.0302308 1.126207339 0.03681 Up

CCL22 1.0225421 0.0451755 1.117164208 0.039927 Up
FAM3B −1.73814 0.015539 −1.26716 0.003007 Down

KRT4 −1.6099 0.040599 −2.92849 0.001078 Down

SCIN −1.48704 0.042442 −2.82187 4.59E-07 Down
AKR1C2 −1.08111 0.006342 −1.26177 0.003454 Down

Note: Italic font: gene name.
Abbreviations: DEGs, differentially expressed genes; FC, fold change.
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in normal tissue, and were more abundantly expressed in OSCC than in OLP. KRT75 was expressed in OLP,
OSCC, and normal tissue at a similar level.

ROC Curves were constructed to investigate the diagnostic value of KRT75, PI3, and FAM3B in distinguishing OSCC
tissues from normal controls. We found that FAM3B yielded an area under the ROC curve (AUC) value of 0.899

Figure 2 Functional enrichment analysis and PPI network of the common DEGs. (A) GO and KEGG pathway enrichment analysis of the DEGs in common between
GSE38616 and GSE52130. The screening criterion for significance was p < 0.05. (B) Interaction network of proteins encoded by the common DEGs. The nodes represent
genes, and the edges represent links between genes. Red represents upregulated genes, and blue represents downregulated genes. (C) The one key module extracted by
MCODE.

https://doi.org/10.2147/IJGM.S346617

DovePress

International Journal of General Medicine 2022:15768

Wang et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


(Figure 3E), KRT75 yielded an AUC value of 0.689 (Figure S4A), and PI3 yielded an AUC value of 0.600 (Figure S4B),
suggesting that FAM3B could have an important role in diagnosing OSCC.

Relationship Between FAM3B and Clinicopathological Parameters of Patients with
OSCC
The clinicopathological traits of OSCC patients were analyzed. As shown in Table 3 and Figure 5A–D, the mRNA
expression of FAM3B was significantly correlated with tumor TNM stages (T1 and T2 vs T3 and T4, p = 0.013;
N0 and N1 vs N2 and N3, p = 0.009), smoking status (yes vs no, p = 0.006), and ethnicity (Asian vs Black or
African American, p = 0.004; Asian vs White, p = 0.001). As shown in Figure 5E, the expression of FAM3B was
positively correlated with the abundance of B cells, natural killer (NK) CD56 cells, T cells, NK cells, etc and
negatively correlated with the abundance of Tgd cells, neutrophils, and Th1 cells. These results suggest that
OSCC with low FAM3B expression is prone to progress to a more advanced stage, whereas high FAM3B
expression is correlated with both acquired and innate immunocytes.

Prognostic Value of FAM3B
Kaplan-Meier survival analysis of OSCC patients stratified by FAM3B (Figure 6A–C) showed that mRNA
expression of FAM3B was significantly associated with overall survival (OS), DSS, and progress-free interval
(PFI) of OSCC patients in the TCGA cohorts. However, expression of KRT57 and PI3 was not associated with
OS, DSS, or PFI of OSCC patients (Figure S5). Then, univariate Cox regression analysis (Table 4) showed that
both FAM3B and traditional prognostic factors including N stage and lymphovascular invasion were significantly
relevant to DSS. To further determine independent prognostic factors, multivariate Cox regression analysis was
performed; the results showed that FAM3B, N stage, and lymphovascular invasion were still relevant to DSS of
OSCC patients (Table 5). FAM3B expression is a protective factor, and FAM3B downregulation was significantly
associated with poor DSS (HR=0.531, p=0.006) in TCGA cohorts of OSCC patients. As shown in Figure 6D,
a nomogram was then created to help predict the probability of 3-, 5-, and 7-year DSS for OSCC patients.

Table 2 Enriched Terms for 24 Common DEGs

Description GeneRatio BgRatio p-value p.adjust q-value

Cornification 11/24 112/18670 5.12e-19 1.78e-16 1.32e-16

Keratinization 12/24 224/18670 1.58e-17 2.73e-15 2.03e-15

Keratinocyte differentiation 12/24 305/18670 6.61e-16 7.65e-14 5.68e-14

Epidermal cell differentiation 12/24 358/18670 4.52e-15 3.92e-13 2.92e-13

Skin development 12/24 419/18670 2.96e-14 2.05e-12 1.53e-12

Cornified envelope 7/24 65/19717 1.00e-12 1.81e-11 1.06e-11

Keratin filament 2/24 95/19717 0.006 0.053 0.031

Cluster of actin-based cell projections 2/24 150/19717 0.014 0.083 0.049

Lamellar body 1/24 17/19717 0.021 0.083 0.049

Intermediate filament 2/24 214/19717 0.028 0.083 0.049

Serine-type endopeptidase inhibitor activity 5/24 94/17697 1.49e-07 8.64e-06 5.80e-06

Endopeptidase inhibitor activity 5/24 175/17697 3.26e-06 5.73e-05 3.85e-05

Peptidase inhibitor activity 5/24 182/17697 3.95e-06 5.73e-05 3.85e-05

Endopeptidase regulator activity 5/24 182/17697 3.95e-06 5.73e-05 3.85e-05

Peptidase regulator activity 5/24 219/17697 9.73e-06 1.13e-04 7.58e-05

Tryptophan metabolism 1/4 42/8076 0.021 0.079 0.038

Steroid hormone biosynthesis 1/4 61/8076 0.030 0.079 0.038

Chemical carcinogenesis 1/4 82/8076 0.040 0.079 0.038

Fc gamma R-mediated phagocytosis 1/4 97/8076 0.047 0.079 0.038

C-type lectin receptor signaling pathway 1/4 104/8076 0.051 0.079 0.038
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Figure 3 Identification and validation of key genes inOLPmalignancy. (A) Venn diagram of theDEGs significantly associatedwithOLPmalignancy; “common up” and “common down”
represent upregulated and downregulated DEGs in common for GSE38616 and GSE52130 datasets; “up tendency” and “down tendency” represent genes showing continuous
upregulation and downregulation patterns from normal tissue to OLP toOSCC in GSE70665. (B) Expression of KRT75, PI3, S100A12 and FAM3B in OSCC (TCGA, unpaired samples).
*p < 0.05; ***p < 0.001; (C) Expression of KRT75, PI3, S100A12 and FAM3B inOSCC (TCGA, paired samples). *p < 0.05; ***p < 0.001; NS, not significant. (D) IHC staining ofOSCC and
normal oral mucosa from HPA project. Scale bar = 200μm. (E) ROC curve for FAM3B.
Abbreviation: NS, not significant.
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Discussion
OLP is one of the most common diseases of the oral mucosa. It is considered to be a refractory chronic
inflammatory condition without a clear etiology or pathogenesis. Owing to its high risk of malignant transforma-
tion to OSCC, OLP is categorized as a potentially malignant disorder by the World Health Organization.17 Further
research to identify the pathogenesis of OLP and to establish what determines its progression to OSCC is urgently
needed.

In this study, we identified 24 DEGs, by comparing genes expressed in OLP and normal samples. GO
enrichment analysis of the DEGs indicated that they were enriched in BPs including cornification and keratinocyte
differentiation, CCs including cornified envelope and keratin filament, and MFs including serine-type endopepti-
dase inhibitor activity and endopeptidase inhibitor activity were enriched in OLP samples compared with normal
samples. This is consistent with the histopathologic features of hyperparakeratosis or hyperorthokeratosis, and
lymphocytic infiltrate in the lamina propria in OLP.3 Enriched KEGG pathways included Fc gamma R-mediated
phagocytosis and C-type lectin receptor signaling pathway, which have essential roles in infection and immunity.
Thus, the GO and KEGG enrichment analyses both showed strong immune activation and signal transduction in
OLP, possibly indicating the main cause of OLP. Seven hub upregulated genes were screened using the PPI
network, suggesting that overexpression of SPRR2s and LCE3s may represent potential biomarkers for the
diagnosis of OLP based on the present datasets. SPRR2B, SPRR2D, SPRR2E are important paralogs and members
of the cross-linked envelope keratinocyte protein. SPRR2B expression has been reported to be significantly
associated with gastric adenocarcinoma,18 SPRR2D is associated with p73-dependent suppression of chronic
inflammation,19 and SPRR2E was identified as a potential biomarker for OS in OSCC patients.20 LCE3D and
LCE3E are important paralogs and precursors of the cornified envelope of the stratum corneum. Related pathways

Figure 4 Oncomine analysis comparison on the expression of KRT75, PI3, and FAM3B.
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include keratinization and developmental biology. They have been found to be related to angiolymphatic invasion
of head and neck cancer.21

To identify potential biomarkers for OLP progression, datasets including paired OLP and OSCC tissues and
adjacent normal oral mucosa from the same patients were collected, and genes that showed increases or decreases
in expression from normal tissue to OLP to OSCC were identified. Among these DEGs, FAM3B showed the same
robust low expression in all OSCC analyses, whether based on TCGA or Oncomine data; this was further verified
by IHC images. FAM3B (alias C21orf11 or PANDER) is initially known as an islet-specific cytokine that plays an
important part in glycolipid metabolism,22 and now has been found to be a pleiotropic cytokine that may exert
multiple functions in different tissues. The expression level of FAM3B varies by tumor type. It was reported to be
downregulated in gastric cancer,23 but upregulated in colon cancer,24 prostate tumor,25 and esophageal
carcinoma.26 Shiiba et al found downregulated expression of FAM3B in five OSCC-derived cell lines and primary
OSCC samples.16 To date, all evidence on FAM3B and OSCC has consistently indicated lower expression of
FAM3B in OSCC than in normal tissues. In addition, the ROC curve for FAM3B indicated that it has a high
diagnostic value in OSCC (AUC = 0.899). We thus considered FAM3B to be a very effective biomarker for the
diagnosis of OSCC. Moreover, we found that FAM3B expression in tissues decreased with progression from the

Table 3 Correlations Between FAM3B Expression in OSCC Tissues and Patient Clinical Indicators

Characteristic Low Expression of
FAM3B

High Expression of
FAM3B

p-value

n 251 251

T stage, n (%) 0.067

T1 10 (2.1%) 23 (4.7%)
T2 68 (14%) 76 (15.6%)

T3 66 (13.6%) 65 (13.3%)

T4 98 (20.1%) 81 (16.6%)
N stage, n (%) 0.020

N0 117 (24.4%) 122 (25.4%)
N1 52 (10.8%) 28 (5.8%)

N2 68 (14.2%) 86 (17.9%)

N3 3 (0.6%) 4 (0.8%)
M stage, n (%) 0.682

M0 232 (48.6%) 240 (50.3%)

M1 3 (0.6%) 2 (0.4%)
Radiation therapy, n (%) 0.182

No 84 (19%) 70 (15.9%)

Yes 136 (30.8%) 151 (34.2%)
Gender, n (%) 0.190

Female 74 (14.7%) 60 (12%)

Male 177 (35.3%) 191 (38%)
Ethnicity, n (%) 0.033

Asian 9 (1.9%) 1 (0.2%)

Black or African American 24 (4.9%) 23 (4.7%)
White 208 (42.9%) 220 (45.4%)

Age, n (%) 0.502

≤60 118 (23.6%) 127 (25.3%)
>60 132 (26.3%) 124 (24.8%)

Smoking status, n (%) 0.002

No 70 (14.2%) 41 (8.3%)
Yes 174 (35.4%) 207 (42.1%)

Age, meidan (IQR) 61 (53, 69) 60 (53.5, 68) 0.521
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normal state to OLP and subsequently to OSCC. Therefore, it may also be a very effective diagnostic indicator for
the progression of OLP to OSCC. Given the clinical findings that different clinical types of OLP are associated
with prognosis, and erosive type is considered to be the most common OLP type of malignant transformation,10

FAM3B expression in various clinical types of OLP should be evaluated in future research.
We also found that downregulation of FAM3B expression was associated with individual cancer stages and

immune infiltration in OSCC patients, which suggested that abnormal inflammation and immune response might
have important roles in promoting tumorigenesis of OSCC. In addition, lower expression of FAM3B was
significantly associated with shorter OS, DSS, and DFS of OSCC patients. Multivariate analysis showed that
down-regulation of FAM3B was an independent prognostic factor for shorter DSS of OSCC patients. These results
suggest that FAM3B could serve as a prognostic biomarker for OSCC. The biological roles of FAM3B in tumor

Figure 5 Associations of FAM3B expression with clinical pathological characteristics of OSCC. (A–D) FAM3B expression was significantly correlated with tumor TNM
stages, smoking status, and ethnicity. *p < 0.05; **p < 0.01; ***p < 0.001; (E) Correlations between FAM3B expression and immune infiltration.
Abbreviation: NS, not significant.
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progression have been investigated in a few studies. Overexpression of FAM3B promotes the progression of
esophageal carcinoma via regulation of the AKT-MDM2-p53 pathway and the epithelial-mesenchymal transition.26

In prostate cancer, increased expression of FAM3B inhibits cell death and promotes tumor growth through
upregulation of gene expression of anti-apoptotic Bcl-2 and Bcl-XL.25 On the contrary, FAM3B inhibits of cell
growth and reduces tumorigenicity through downregulation of oncogenic AKT signaling pathway in gastric
cancer.23 The mechanism of FAM3B downregulation-induced progression of OSCC remains further investigation.
The disparate expression profiles and biological functions of FAM3B among different cancer types may be due to
the variable splicing of FAM3B. In contrast to pro-apoptotic role of its secreting form PANDER in gastric cancer,23

a non-secretory form, named as FAM3B-258, was found to promote invasion and metastasis of colon cancer cells
via upregulation of Slug expression.24 The various biological functions of proteins encoded by different FAM3B
mRNA isoforms have still remained elusive and should be explored in future research.

In this study, we found that the downregulation of FAM3B was significantly associated with the occurrence and
development of OLP, and that further decrease in FAM3B expression was related to the progression of OLP to
OSCC and to poor survival and immune infiltration in OSCC. Downregulation of FAM3B was found to be very
useful in the detection of malignant progression of OLP and to be an independent predictor of DSS of OSCC
patients. This study thus provide new and promising insight for further elucidating the molecular mechanism
underlying OLP development and malignancy. FAM3B has potential clinical applications as a prognostic marker.
However, further experimental studies are needed to confirm our findings.

Figure 6 Prognostic value of FAM3B in OSCC patients. (A–C) Univariate survival analysis of FAM3B was performed using Kaplan-Meier curves. (D) Nomogram predicting
3-, 5-, and 7-year DSS for OSCC patients in TCGA cohorts.
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Conclusions
We found that FAM3B was under-expressed in OLP compared with normal individuals and further significantly down-
regulated in OSCC compared with OLP. FAM3B could be associated with the development and malignant progression of
OLP and might be a potential prognostic biomarker for OLP.
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Table 5 Multivariate Cox Regression Analysis for DSS in Patients with OSCC

Characteristics Total (n) Univariate Analysis Multivariate Analysis

Hazard Ratio (95% CI) p-value Hazard Ratio (95% CI) p-value

N stage (N2&N3 vs N0&N1) 454 1.655 (1.159–2.362) 0.006 1.773 (1.128–2.785) 0.013

Lymphovascular invasion (Yes vs No) 326 1.658 (1.079–2.546) 0.021 1.607 (1.034–2.499) 0.035
FAM3B (High vs Low) 476 0.671 (0.472–0.953) 0.026 0.531 (0.338–0.834) 0.006

Note: Italic font: gene name.

Table 4 Univariate Regression of Prognostic Covariates in Patients with OSCC

Variable Characteristics Total (n) HR (95% CI) Univariate
Analysis

p-value Univariate
Analysis

T.stage T stage (T3&T4 vs T1&T2) 461 1.459 (0.988–2.153) 0.057

N.stage N stage (N2&N3 vs N0&N1) 454 1.655 (1.159–2.362) 0.006

M.stage M stage (M1 vs M0) 451 8.056 (2.527–25.680) <0.001
Histologic.grade Histologic grade (G3 vs G1&G2) 460 1.070 (0.725–1.579) 0.734

Lymphovascular invasion Lymphovascular invasion (Yes vs No) 326 1.658 (1.079–2.546) 0.021

Ethnicity Ethnicity (Black or African American and
White vs Asian)

460 0.701 (0.223–2.207) 0.543

Smoking status Smoking (Yes vs No) 468 1.034 (0.679–1.574) 0.877
Gender Gender (Male vs Female) 476 0.974 (0.656–1.447) 0.897

Radiation.therapy Radiation therapy (Yes vs No) 424 0.740 (0.492–1.112) 0.147

FAM3B FAM3B (High vs Low) 476 0.671 (0.472–0.953) 0.026
KRT75 KRT75 (High vs Low) 476 0.803 (0.567–1.136) 0.215

PI3 PI3 (High vs Low) 476 1.026 (0.727–1.450) 0.883

Note: Italic font: gene name.
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