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Purpose: Basal cell carcinoma (BCC) is a frequent tumor of the surface layer of skin or its accessories, and ranks first among the 
prevalence of skin cancer cases. However, its pathogenesis remains unclear. The purpose of this analysis was to scientifically evaluate the 
role of mRNAs in the occurrence and progression of BCC and further elucidate their underlying potential molecular mechanisms of action.
Methods: Differentially expression genes (DEGs) between nineteen BCC cases and five controls which initiate from the GSE103439 
and GSE7553 datasets were identified and the transcriptome sequencing information was obtained. Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analyses and Gene Ontology (GO) annotation were performed. Logistic regression (LASSO) and 
support vector machine (SVM) analyses were performed to identify candidate biomarkers obtained from protein-protein interaction 
(PPI) analysis. The tumor microenvironment comprising hub genes in BCC was investigated by immune infiltration analysis. The 
expression of two representative hub genes (KIF23 and NCAPG) was measured by qRT-PCR. Finally, the potential miRNAs and 
lncRNAs related to the hub genes were analyzed on relevant websites to obtain a ceRNA interaction network.
Results: Twenty-seven DEGs were identified. Fifteen hub genes were screened in the protein-protein interaction network. These showed 
marked enrichment in the cell cycle and p53 signaling pathway. FGF20, KIF23, and NCAPG were identified as the diagnostic markers of BCC. 
Immune cell infiltration analysis suggested their significant association with T cells CD4 memory activated, macrophages M1, and natural killer 
(NK) resting cells. Two miRNAs and twelve lncRNAs were used to construct the lncRNA-miRNA-mRNA ceRNA network.
Conclusion: FGF20, KIF23, and NCAPG are potential diagnostic markers of BCC. Our findings may shed new light on the molecular 
mechanisms underlying BCC occurrence.
Keywords: basal cell carcinoma, diagnostic biomarkers, immune infiltration, pathogenesis, ceRNA

Introduction
Basal cell carcinoma (BCC) of the skin is the most frequent cutaneous malignancy among humans.1 According to a survey, 
nearly two million cases are diagnosed with BCC in the USA annually, and the average prevalence rate increases by 4% to 8% 
every year.2 BCC is initiated from stem cell populations found in the follicle bulge and basal layer of the interfollicular epidermis. 
Its growth and development are delayed. It damages the adjacent tissues through partial invasion, with very little migration.2,3 

Clinically, it is hard to distinguish from some diseases, such as Trichoblastoma.4 The standard treatment for BCC is excision or 
Mohs surgery. The other treatments include cryosurgery, electrodesiccation and curettage, topical medications and photodynamic 
therapy.5 BCC is a tumor with the most genetic mutations in the coding DNA. Nearly 75.7% of the “UV labeled mutation”, 
cyclobutane pyrimidine dimer (CPD), of the coding DNA is attributed to UVB radiation sources. Therefore, ultraviolet radiation 
is a major cause underlying the growth and development of BCC.2,6 However, the potential molecular mechanisms remain 
unclear. Additionally, when targeted therapeutic drugs are used to treat locally advanced and metastatic BCC cases, drug 
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resistance and disease progression or attack are ubiquitous. Thus, it is crucial to assess molecular mechanistic details underlying 
BCC pathogenesis to identify new potential therapeutic targets.

BCC is one of the Non-melanoma skin cancers (NMSCs),7 previous studies8–10 have shown that BCC has a multi- 
factor and multi-gene basis, and is primarily driven by the Sonic Hedgehog (Hh) pathway. The core components of this 
pathway include the Shh ligand, PTCH1, SMO, and Gli proteins. Briefly, PTCH1 constitutively inhibits SMO in absence 
of the Shh ligand. After Shh ligand’s fusion with PTCH1, SMO is released, which in turn activates the GLI family of 
transcription factors, thus inducing downstream target gene expression.11,12 Additionally, 85% of BCC cases carry 
mutations in the Hh pathway genes, namely SMO (20%) and PTCH1 (73%).13 Therefore, owing to the inactivating 
mutation in PTCH1 or the activating mutation in SMO, the activity of the Hh pathway signaling is enhanced. Thus, the 
pathogenic effects of abnormal signaling by the Hh pathway are crucial in BCC.

mRNA is a single-stranded RNA transcribed using one of the DNA strands as the template; it carries genetic material that 
specifically guides protein synthesis, thus occupying an important position in heredity dogma.14 mRNA plays a leading role in 
various human diseases and participates in the development and progression of BCC. For instance, reduced SOX2 mRNA is 
necessary for BCC cells to maintain attenuated migratory potential15 and FOXC2 mRNA is likely to participate in lesion 
formation.16 Next-generation sequencing technologies have been used to reveal the mRNA expression profile of BCC clinical 
samples16,17 Previous research based on mRNA expression mainly focuses on identifying differentially expressed mRNAs 
(DEMs) in BCC upon comparison with control tissues. However, the molecular mechanisms and the role of mRNA in BCC 
pathogenesis, are largely elusive, particularly the regulatory functions (ie the function and signaling pathways of target genes) 
and correlation (ie the networks and channels of target genes). Therefore, it is necessary to systematically evaluate BCC- 
related mRNAs and study potential genes and their regulation.

Herein, various bioinformatic tools were utilized to systematically analyze the efficacy of mRNAs in BCC. First, data 
from the GEO database was utilized to select differentially expressed genes (DEGs) and enrichment analyses for their 
functions and modes were conducted. Based on the protein-protein interaction (PPI) cluster analysis, hub genes were 
extracted. Finally, the regulatory layouts and functions of mRNAs were elucidated based on entity models. The 
implication of these findings may clarify the pathogenetic processes of BCC.

Materials and Methods
Downloading and Preprocessing of Data
The GEO query package18 in R software was used to extract the BCC expression datasets, GSE103439,19 GSE7553,20 

and GSE42109,21 from the GEO database and corresponding sequencing data from our research group (https://www.ncbi. 
nlm.nih.gov/geo/) (version 3.6.5, http://r-project.org/). The samples in the dataset were all Homo sapiens. The GPL570 
[HG-U133_plus_2] Affymetrix Human Genome U133 Plus 2.0 Array was platform of GSE103439 and GSE7553 
datasets; GSE103439 included 4 cases of eyelid BCC and 2 cases of normal epidermal keratinocytes; GSE7553 included 
15 cases of BCC and 3 cases with normal skin, and GSE42109 included 11 cases of BCC and 10 cases with normal skin. 
Transcriptome sequencing data of 10 BCC tissues and 10 para-cancer tissues were collected, and the detailed results are 
shown in Table 1. The Affy package22 was used to read the raw data, perform background correction, and data 
normalization to obtain the gene expression matrix for the two datasets. The correction effect between samples is 
shown in the boxplot drawn using the ggplot2 package.23

DEGs Identification
The limma package24 was utilized to select the DEGs among the datasets, and the pheatmap package25 was used to draw 
the heatmap to show the differential distribution of DEGs. The ggplot2 package was utilized to plot a volcano map of 
DEGs with | log2FC | > 1 and adj.p-value < 0.05.

Evaluation of Enriched DEGs
Venn diagrams were drawn to analyze the common DEGs among datasets. The iGraph26 and eshape227 packages were 
utilized to analyze the association of different genes. The clusterProfiler package28 was used for Gene Ontology (GO) 
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and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses for DEGs, whereby adj. 
p-value < 0.05 indicated statistical significance. Gene set enrichment analysis (GSEA) was performed for the DEGs.

Constructing the PPI Network
In this study, STRING, a web tool, was utilized to predict and construct a PPI network for the selected DEGs 
(https://string-db.org/).29 Interactions predicted with confidence greater than 0.4 were selected and the network was 
visualized by Cytoscape (V3.7.2);30 using the Cytohubba31 plug-in, the hub genes were finally screened.

LASSO and SVM Analyses to Construct the Diagnostic Model
Three kinds of machine learning algorithms were used to distinguish BCC patients from the normal population in the 
GSE42109 dataset. The LASSO entity model was obtained using the glmnet package,32 which determined variables 
according to the λ with the least classification error. SVM model was obtained using the e1071 package,33 while the 
random forest (RF) diagnostic model was constructed using the randomForest package.34 pROC package35 was used to 
draw the ROC curves to assess the diagnostic efficacy based on the calculated AUC values.

Cell Lines and Cell Culture
All cell lines were maintained at 37°C with 5% CO2 in a humidified incubator. The TE354.T cell line was obtained from 
American Type Culture Collection (ATCC) and cultured in DMEM supplemented with fresh 10% FBS (both procured 
from Gibco, Thermo Fisher Scientific). The HaCaT cell line was obtained from Procell (Wuhan, China) and cultured in 
MEM (Gibco, Thermo Fisher Scientific) supplemented with fresh 10% FBS.

RNA Extraction and Quantitative Real-Time PCR (qRT-PCR) Analysis
All reagents were purchased from Vazyme (Nanjing, China) and the manufacturers’ instructions were followed. Table 2 
lists the sequences of all qRT-PCR primers used herein. The 2 −ΔΔCt method was utilized to evaluate the relative gene 
expression. Each analysis was performed in a triplicate.

Table 1 Summary of GEO Database Sample Information

GEO Platform Tissue 
(Homo 

Sapiens)

Sample (Number) Experiment 
Type

Total Basal Cell 
Carcinoma

Epidermal 
Keratinocytes

GSE7553 GPL570 Epidermal 
keratinocytes

18 15 3 Array

GSE103439 GPL570 Epidermal 

keratinocytes

6 4 2 Array

GSE42109 GPL570+ 

GPL571

Epidermal 

keratinocytes

21 11 10 Array

Sequencing data from 
our research group

– – 20 10 10 Array

Table 2 qRT-PCR Primers

Gene Sequence of Forward Primers (5’-3’) Sequence of Reverse Primers (5’-3’)

β-actin TCTCCCAAGTCCACACAGG GGCACGAAGGCTCATCA
KIF23 AGTCAGCGAGAGCTAAGACAC GGTTGAGTCTGTAGCCCTCAG

NCAPG GAGGCTGCTGTCGATTAAGGA AACTGTCTTATCATCCATCGTGC
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Evaluation of Immune Cell Infiltration
ssGSEA was performed to assess the correlation between global immune characteristics and gene expression. Single 
sample quantification of GSVA was based on analysis using the GSVA package. The ConsensusClusterPlus package36 

was used to perform a tSNE analysis of the immune subtypes, and the samples were divided into two subclasses. The 
sample distribution of 28 kinds of immune cells between the subclasses was assessed. The ggpubr package37 was utilized 
to further compute the correlation coefficient and draw the correlation graph between hub genes and different immune 
cell infiltrates. The p-value was compared with the threshold value of 0.05. For values less than 0.05, relevant graphs 
were plotted.

Construction of the ceRNA Network
The human miRNA-target gene interaction data were extracted from DianaTools and TargetScanHuman. TargetScan 
gives the miRNA gene marker interaction pairs, while miRDb yields miRNA-refseq ID interaction pairs. RefSeq ID was 
transformed into gene symbols based on hG38 reference annotation. Further, the interaction data conforming to both DE- 
miRNAs and DE-mRNAs were screened and repeated data were omitted.

Human miRNA-lncRNA interaction data was extracted from Starbase V2.0 (https://starbase.sysu.edu.cn/starbase2/ 
browseNcRNA.php) and DNA tools (https://diana.e-ce.uth.gr/home). StarBase can decode protein-lncRNA, protein- 
sncRNA, protein-mRNA, protein-pseudogene, miRNA-lncRNA, miRNA-mRNA, miRNA-circRNA, miRNA- 
pseudogene, miRNA-sncRNA interactions, and ceRNA networks from 108 CLIP-Seq (HITS-CLIP, PAR-CLIP, iCLIP, 
CLASH) datasets. ‘DNA tools’ was used to screen the interaction data of lncRNAs and DE-miRNAs conforming to the 
characteristics of the random forest model through a target prediction algorithm (microT V4 and microT-CDS) and 
miRNA targets (TarBase V7.0 and LncBase) that have been experimentally validated for coding and non-coding RNA. 
Repeated interactions were deleted.

Statistical Analysis
R software was used for data resolution and analyses (version 4.0.2). For comparing two sets of continuous variables 
conforming to normal distributions, the Student’s t-test estimates was used to compute statistical significance, else the 
Mann–Whitney U-test (Wilcoxon rank sum test) was used for continuous variables that did not conform to a normal 
distribution. Chi-square test or Fisher exact test was used to compare and analyze the statistical significance between the 
two groups of categorical variables. Pearson correlation analysis was performed to compute the correlation coefficient, r, 
for different genes. Bilateral p<0.05 indicated a statistically significant difference.

Results
Data Preprocessing and DEG Screening
The overall flow chart of this study is shown in Figure 1. First, the samples of two datasets were combined, balanced, and 
normalized. The boxplots before and after homogenization are shown (Figure 2A and B). The two groups of samples 
showed good equilibrium after preliminary data handling. From the gene expression drainage matrix, 438 DEGs were 
identified as shown in the heat map (Figure 2C) and volcano map (Figure 2D). Further samples were collected for 
transcriptome sequencing, and the thermal map (Figure 2E) and volcanic map (Figure 2F) of DEGs were drawn. Using 
the Venn diagram, from the intersection of the three datasets, a total of 27 DEGs were screened (Figure 2G). 
Subsequently, a genetic correlation analysis was conducted for these DEGs (Figure 2H).

Analysis of the Role and Enrichment of DEGs
To analyze the molecular functions of these DEGs, GO and KEGG functional enrichment analyses were conducted 
(Figure 3A, Table 3); the results indicated enrichment in the embryonic organ development, extracellular structure 
organization, cartilage development, skeletal system morphogenesis, extracellular matrix organization, and other biolo-
gical processes (Figure 3B). Simultaneous enrichment in the fibrillar collagen trimer, collagen-containing extracellular 
matrix, banded collagen fibril, collagen trimer, extracellular matrix component, and other cell components were recorded 
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(Figure 3C). Molecular function enrichment included platelet-derived growth factor binding, extracellular matrix 
structural constituents, metalloendopeptidase activity, extracellular matrix structural constituents conferring tensile 
strength, DNA-binding transcription activator activity, and RNA polymerase II-specific (Figure 3D). GSEA mainly 
involved naba matrisome, naba matrisome associated, reactome extracellular matrix organization, and naba ECM 
regulators (Figure 3E–H; Table 4).

PPI Network Analysis
The protein interactions among DEGs were analyzed using STRING (Figure 4A), MCODE was used to identify hub 
genes (Figure 4B), and degree, MCC, and MNC algorithms were used to predict the “TOP10” target genes (Figure 4C–E) 
using Cytohubba. A Venn diagram (Figure 4F) was drawn for the hub genes from the four algorithms a total of 15 
intersecting genes, CCNB1, ASPM, KIF11, BUB1, KIF20A, BUB1B, MYC, CDK1, BRCA1, KIF23, CCNB2, PBK, 
CENPF, NCAPG, and FGF2, were screened.

Functional Enrichment Analysis for Hub Genes
GO and KEGG analyses were utilized to further elucidate the potential biological functions of these 15 hub genes 
(Figure 5). Molecular function terms showed significant enrichment for organelle fission, nuclear division, mitotic sister 
chromatid segregation, mitotic nuclear division, and mitotic cell cycle checkpoint. Simultaneously, the spindle, con-
densed chromosome, chromosomal region, and centromeric region were significant among the cellular components. 
Microtubule motor activity, protein serine/threonine kinase activity, cell cycle, cellular senescence, p53 signaling path-
way, and oocyte meiosis were also markedly enriched.

The heat map of hub genes is shown in Figure 6A. The expression of hub genes, BUB1B, CCNB1, KIF20A, BUB1, 
ASPM, and KIF11 in GSE42109 was analyzed (Figure 6B–G). By comparing the differences in the expression of genes 
between the disease and the control groups, significant differences were obtained in KIF20A, BUB1B, and CCNB1 (p < 0.01) 
expressions, while those of ASPM and KIF11 showed no significant differences (p > 0.05).

Diagnostic Model
LASSO and SVM algorithms were utilized to develop a diagnostic model using the 15 hub genes in the GSE42109 
dataset to distinguish between control and disease groups. In the process of establishing the LASSO regression model 
(Figure 7A), the number and coefficient of selected characteristics for different λ states decreased with an increase in λ, 
while the absolute value of the coefficient increased significantly. The SVM model was constructed based on the 15 hub 

Figure 1 Flow diagram of data preparation, processing, and analysis in this study.
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genes (Figure 7B), and the position of the red circle showed the lowest error rate. Subsequently, the Venn diagram 
(Figure 7C) was drawn to obtain the common genes in the two models, and a total of 8 genes were screened (CCNB2, 
MYC, KIF23, NCAPG, BRCA1, FGF20, BUB1B, and BUB1). Three representative genes (FGF20, KIF23, and 
NCAPG) were selected for plotting the ROC curves, and the AUC was computed (0.586, 0.991, and 0.936, respectively; 
Figure 7D), indicating the predictive ability of the model. KIF23 and NCAPG showed excellent power, while FGF20 was 
relatively mediocre in performance.

Further, the levels of KIF23 and NCAPG mRNA were assessed by RT-qPCR (Supplementary Table 1). We compared 
the expressions between 9 pairs of BCC tissues and para-cancer tissues. KIF23 and NCAPG showed a low expression in 

Figure 2 Differential analysis for datasets. (A and B) Batch effect correction for GSE103439 and GSE7553 datasets (boxplot), respectively. (C) Heat map for DEGs in 
GSE103439 and GSE7553 datasets. (D) Volcanic map of DEGs in GSE103439 and GSE7553 datasets. Red represents up-regulated DEGs; green represents down-regulated 
DEGs, and gray represents genes showing no differential expression. (E) Volcano map for DEGs based on our sequencing dataset. (F) Heat map of DEGs for our sequencing 
dataset. (G) Venn diagram of DEGs. (H) Correlation network diagram for DEGs.
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BCC tissues (Figure 7E and F). In TE354.T and HaCaT cell lines, KIF23 and NCAPG showed low expression 
(Figure 7G). These results indicated that KIF23 and NCAPG may serve as tumor suppressors in BCC.

Analysis and Visualization of Immune Cell Infiltrates
The results of the heat map and PCA clusters for immune cell infiltration showed significant differences between BCC 
and control samples (Figure 8A and B). The results of 28 immune cell-related subsets (Figure 8C) showed that as 

Figure 3 Functional correlation analysis for DEGs. (A) GO biological function enrichment analysis, wherein the X-axis represents the proportion of enriched DEGs and the 
color represents the corrected p-value; the redder the color, the smaller the corrected p-value, while the bluer the color, the greater the p-value after correction. (B) In BP 
functional enrichment analysis, the sizes of dots represent the number of enriched genes, and their color represents the logFC values. (C) CC functional enrichment analysis. 
(D) MF functional enrichment analysis. (E–H) GSEA.

Table 3 Analysis of GO and KEGG

ONTOLOGY ID Description pvalue Count

BP GO:0030198 Extracellular matrix organization 1.32e-16 63
BP GO:0043062 Extracellular structure organization 2.53e-15 66

BP GO:0048568 Embryonic organ development 6.04e-12 60

BP GO:0051216 Cartilage development 1.01e-10 37
BP GO:0048705 Skeletal system morphogenesis 1.05e-10 40

CC GO:0062023 Collagen-containing extracellular matrix 3.49e-20 72

CC GO:0005583 Fibrillar collagen trimer 7.68e-09 8
CC GO:0098643 Banded collagen fibril 7.68e-09 8

CC GO:0005581 Collagen trimer 1.58e-08 20
CC GO:0044420 Extracellular matrix component 2.15e-07 14

MF GO:0005201 Extracellular matrix structural constituent 2.74e-15 39

MF GO:0030020 Extracellular matrix structural constituent conferring tensile strength 1.34e-11 17
MF GO:0048407 Platelet-derived growth factor binding 3.9e-07 7

MF GO:0004222 Metalloendopeptidase activity 6.44e-07 20

MF GO:0001228 DNA-binding transcription activator activity, RNA polymerase II-specific 3.79e-06 48
KEGG hsa04974 Protein digestion and absorption 4.3e-09 23

KEGG hsa04512 ECM-receptor interaction 1.71e-05 16

KEGG hsa03320 PPAR signaling pathway 6.64e-05 14
KEGG hsa04110 Cell cycle 0.000365 17

KEGG hsa04514 Cell adhesion molecules 0.000431 19
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compared to genecluster-B, genecluster-A showed higher infiltration of CD56 bright natural killer cells, activated 
dendritic cells, activated CD4 T cells, CD56 dim natural killer cells, activated B cells, effector memory CD4 T cells, 
activated CD8 T cells, gamma delta T cells, effector memory CD8 T cells, natural killer cells, natural killer T cells, 
memory B cells, type 1 T helper cells, regulatory T cells, and neutrophils.

CIBERSORT was further utilized to calculate the correlation between hub genes and immunity from the heat map. First, 
the abundance of each cell type was calculated (Figure 9A). In the barplot, It shows the proportion of the 21 immune cells in 
each patient, as calculated by CIBERSORT. The correlation heat map of 21 immune cells is shown in Figure 9B. 
Correlations for FGF20 in macrophages M1 (R = 0.64, P = 0.0017) (Figure 9C), FGF20 in T cells CD4 memory activated 
(R = 0.54, P = 0.011) (Figure 9D), KIF23 in macrophages M0 (R = 0.46, P = 0.034) (Figure 9E), NCAPG in natural killer 
(NK) cells resting (R = 0.47, P = 0.032) (Figure 9F), and NCAPG in T cells regulatory (Treg) (R = 0.44, P = 0.044) 
(Figure 9G) showed statistical significance.

Construction of the ceRNA Network
DianaTools (http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=tarbase/index), TargetScanHuman (https:// 
www.targetscan.org/vert_72/), and miRDB (http://www.mirdb.org/cgi-bin/search.cgi) were used to extract the potential 
miRNAs of hub genes, after obtaining the intersection of the three using a Venn diagram (Figure 10A). Two miRNAs 
(hsa-miR-107 and HSA-miR-103A-3p) were obtained. StarBase V2.0 (https://starbase.sysu.edu.cn/starbase2/ 
browseNcRNA.php) was used to predict the potential lncRNAs of hsa-miR-107 and hsa-miR-103a-3p, and after taking 
the intersection using a Venn diagram (Figure 10B), 12 lncRNAs (XIST, H19, TP73-AS1, KCNQ1OT1, TTC28-AS1, 
NEAT1, NUTM2A-AS1, TTN-AS1, HCG18, CROCCP2, LINC00662, and FGD5-AS1) were identified. The molecular 
relationship in the ceRNA network among mRNAs, miRNAs, and lncRNAs is shown (Figure 10C).

Discussion
BCC is one of the most frequent skin malignancies which grows slowly and rarely metastasizes.38,39 Its occurrence is 
closely related to the environment, exposure to ultraviolet light, and radiation sources.2 Several studies on the pathogen-
esis of BCC point to the involvement of genes related to the Hh pathway. However, no systematic report details the role 
and association of mRNAs in BCC. In this study, GSE103439 (including 4 cases of eyelid BCC and 2 cases of normal 
epidermal keratinocytes) and GSE7553 (including 15 cases of BCC and 3 normal skin tissue samples) datasets were 
extracted. Combined with the transcriptomic sequencing results from 10 BCC samples and 10 para-cancer tissues 
collected by our research group, 27 DEGs were identified. A total of 15 hub genes were screened by PPI network 
analysis. GO and KEGG functional enrichment analyses were performed to elucidate the potential biological roles 
underlying the 15 hub genes. A diagnostic model was constructed to determine the predictive ability of hub genes, and 
the tumor microenvironment in BCC was investigated by immune infiltration analysis. Finally, the potential miRNAs and 
lncRNAs related to the hub genes were analyzed on relevant websites to obtain the ceRNA interaction network.

Table 4 Analysis of GSEA

ID Set Size Enrichment Score NES p value Rank

NABA_MATRISOME 146 0.372769 2.592142 0.001099 335
NABA_MATRISOME_ASSOCIATED 92 0.375109 2.4092 0.001153 273

REACTOME_EXTRACELLULAR_MATRIX_ORGANIZATION 55 0.426744 2.403305 0.001244 332

NABA_ECM_REGULATORS 34 0.43904 2.142079 0.00133 141
REACTOME_DEGRADATION_OF_THE_EXTRACELLULAR_MATRIX 31 0.506931 2.420275 0.001339 412

REACTOME_GPCR_LIGAND_BINDING 31 0.457387 2.183731 0.001339 216

REACTOME_MITOTIC_PROMETAPHASE 28 0.453263 2.088034 0.001359 648
REACTOME_COLLAGEN_DEGRADATION 23 0.519965 2.268106 0.001401 362

REACTOME_DISEASES_OF_METABOLISM 21 0.533407 2.248183 0.001429 141
REACTOME_DISEASES_OF_GLYCOSYLATION 16 0.652864 2.527395 0.001453 141
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The hub genes were found to participate in the p53 signaling pathway and cell cycle. p53 is a major tumor suppressor, 
which acts on several stress response data signals according to the harmonious and special cellular responses, including 
cellular senescence, transient cell cycle arrest, and apoptosis, related critically to tumor suppression.40 p53 mutations are 
present in >50% of all human tumors.41 It is mainly related to the decreased ability of p53 to recognize DNA caused by 
ultraviolet radiations.42 The cell cycle is a relatively controlled process, which can promote cell growth, copying of 
genetic information, and cell division. Dysregulation of the cell cycle can lead to cancer.43 Sivrikoz et al report that high 
cell cycle protein and cyclin D1 levels, along with low Bcl-2 scores are related to aggressive tumors. This conclusion can 
be used as an explanation to predict and analyze the aggressive behavior of BCC and BSC.44 CDK4/6 inhibitors can be 
used to target cell cycle proteins in tumor therapy.45 Our findings further confirmed the role of the p53 signaling pathway 
and cell cycle in BCC.

To distinguish control from the disease group, a diagnostic model was developed for the GSE42109 dataset using 
LASSO and SVM algorithms for 15 hub genes. Eight hub genes (CCNB2, MYC, KIF23, NCAPG, BRCA1, FGF20, 
BUB1B, and BUB1) were obtained from the two models. Three representative genes (FGF20, KIF23, and NCAPG) were 
selected for plotting the ROC curve, whereby KIF23 and NCAPG showed excellent predictive ability, while FGF20 
showed relatively mediocre performance. KIF23 belongs to the kinesin family and is crucial for the proliferation and 
migration of malignant cells. Recent research indicates that as a putative oncogene, KIF23 is associated with the 
occurrence of breast,46 gastric,47 and colorectal cancers.48 NCAPG is a mitotic-associated chromosomal condensing 
protein. Multiple studies in recent years have confirmed abnormal NCAPG expression in distinct tumor types. NCAPG 
promotes anti-apoptosis and cellular proliferation through the activation of the PI3K/AKT/FOXO4 pathway in HCC,49 

thus inducing cell proliferation in cardia adenocarcinoma.50 These two genes have not been previously reported in BCC. 
To further confirm our conclusions, qPCR was performed to detect their expression in 9 BCC and corresponding para- 
cancer tissue samples. The expression of three representative genes in TE354T and HaCaT cells was also assayed. The 
results are consistent with our model prediction. Therefore, KIF23 and NCAPG may be potential factors underlying BCC 
pathogenesis. Our strategy allowed us to concentrate on a small panel of genes with the highest diagnostic yield from 
a myriad of DEGs in BCC.

Figure 4 Protein-protein interaction network analysis for DEGs. (A) In the PPI network, pink represents a high gene expression, while purple represents a low gene 
expression. (B) Hub genes’ prediction is shown as a gradual change from yellow to red, and the darker the red, the higher the accuracy of the prediction. (C) Prediction of 
degree. (D) Prediction of MCC. (E) Prediction of MCN. (F) Union of the results from three algorithms.
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Additionally, we systematically examined the association between hub gene expression and immune infiltration 
degree in BCC. In the cancer microenvironment, immune cell infiltration plays a critical role in the progression and 
development of cancer.51 FGF20 correlated significantly with Macrophages M1 and T cells CD4 memory activated; 
KIF23 correlated significantly with Macrophages M0, while NCAPG with NK cells resting and Treg cells. NK cells and 
macrophages are cells responsible for innate immune responses and participate in tumor suppression either by triggering 
adaptive immune responses or directly killing tumor cells.52 B and T cells belong to the adaptive immune system; the 
former plays a major role in humoral immune responses, whereas the latter participates in cell-mediated immune 
responses.53 Immunotherapy is promising for cancer treatment and has revolutionized the field of tumor immunology. 
Hedgehog pathway inhibitors (HHIs) are often used as drug targets for patients with advanced BCC; however, some 
develop resistance.54 Thus, the development of new treatment strategies is necessary. These findings suggest that 
immunotherapy can be used for BCC in the future.

Increasing evidence suggests that lncRNAs can bind to miRNAs as ceRNAs to influence and regulate the expression 
of their target genes. The ceRNA network comprising lncRNA-miRNA-mRNA has been widely studied and plays an 

Figure 5 Functional correlation among the 15 DEGs. (A) GO functional correlation analysis (BP, CC, and MF histograms). (B) The ring pattern shows the correlation 
between the molecule and GO function. (C) KEGG functional correlation analysis. (D) The ring pattern shows the correlation between the molecule and KEGG function.
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Figure 6 Validation of hub genes in the GSE42109 dataset. (A) The heat map for 6 hub genes in the GSE42109 dataset. (B–G) The scatter diagram shows the differential 
expression of the 6 hub genes, wherein blue and red represent the control and BCC groups, respectively. NS represents no statistical significance. P < 0.05 represents 
statistical significance. *p < 0.05; **p < 0.01.
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essential role in several tumors. However, the efficacy of lncRNA-related ceRNAs in controlling BCC is unclear. 
DianaTools, TargetScanHuman, and miRDB were used to predict the potential miRNAs of hub genes, and 2 miRNAs 
(hsa-miR-107 and hsa-miR-103a-3p) were finally obtained. Starbase v2.0 was used to predict and analyze the potential 
lncRNAs of hsa-miR-107 and hsa-miR-103a-3p, and 12 lncRNAs were finally obtained (XIST, H19, TP73-AS1, 
KCNQ1OT1, TTC28-AS1, NEAT1, NUTM2A-AS1, TTN-AS1, HCG18, CROCCP2, LINC00662, and FGD5-AS1). 
Recent studies have confirmed our results. H19 is overexpressed in VDR deleted keratinocytes both in cultured cells and 

Figure 7 LASSO and SVM analyses were performed to develop the diagnostic model. (A) LASSO heat map information for 15 hub genes in the GSE42109 dataset. (B) The 
LASSO scatter diagram shows the differential expression of the 6 hub genes, wherein blue and red represent the control and BCC groups, respectively. P < 0.05 represents 
statistical significance. * p < 0.05; * * p< 0.01. (C) The Venn diagram was drawn to obtain the common genes in the two models. (D) The predictive ability of the model. 
(E and F) qRT-PCR was performed to compare the levels of KIF23 and NCAPG mRNA in BCC tissues and paired-adjacent normal tissues. (G) The levels of KIF23 and 
NCAPG mRNA in TE354.T and HaCaT cell lines. *p < 0.05; **p < 0.01. The primers used in qRT-PCR were shown in.Table 2.
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epidermis, leading to the formation of skin tumors.55 XIST, a crucial regulator of development and growth, participates in 
tumor formation and several human diseases, including leukemia, brain tumors, breast cancer, liver cancer, and lung 
cancer as a ceRNA.56 TP73-AS1 regulates the occurrence and development of tumors as a ceRNA.57 Thus, the role of 
ceRNA-related genes in BCC needs further confirmation.

Figure 8 Analysis and visualization of immune cell infiltration. (A) Heat map of immune infiltration analysis between BCC and normal tissues. Wherein blue and red 
represent the BCC and normal tissues, respectively. (B) PCA clustering diagram for immune infiltration analysis between BCC and normal tissues. Red for genecluster-A 
group and blue for the genecluster-B group. (C) Correlation histogram for infiltration of 28 immune cell types. Red represents the genecluster-A group and blue represents 
the genecluster-B group; the horizontal coordinate represents different immune cells, and the vertical coordinate represents the gene expression in the immune cells 
corresponding to different samples. NS represents no statistical significance. P < 0.05 represents statistical significance. *p < 0.05; **p < 0.01; ***p < 0.001.
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Taken together, the combination of three expression datasets (GSE103439, GSE7553, and GSE42109) and our 
transcriptome sequencing data, a stable comprehensive analysis was performed to study the differential expression of 
mRNAs related to BCC progression. A total of 27 DEGs and 15 hub genes were evaluated, which may serve as potential 
oncogenes in BCC. Multiple biomarkers were identified from the diagnostic model, having practical significance for 

Figure 9 CIBERSORT was used to draw the heat map of the correlation between hub genes and immunity. (A) CIBERSORT was used to draw the heat map of the 
correlation between hub genes and immunity. (B) Correlation heat map for 21 immune cell types. (C) Correlation of FGF20 with Macrophages M1 (R = 0.64, P = 0.0017). 
(D) Correlation of FGF20 with T cells CD4 memory activated (R = 0.54, P = 0.011). (E) Correlation of KIF23 with Macrophages M0 (R = 0.46, P = 0.034). (F) Correlation of 
NCAPG with NK cells resting (R = 0.47, P = 0.032). (G) Correlation of NCAPG with T cells regulatory (Treg) (R = 0.44, P = 0.044).

Figure 10 ceRNA analysis for hub genes. (A) The Venn diagram shows the potential miRNAs of the hub genes. (B) The Venn diagram shows the potential lncRNAs of hub 
genes. (C) Construction of the ceRNA model.
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disease diagnosis. Although bioinformatic methods were used to systematically analyze the function and interaction 
networks of mRNAs in BCC, the study has some limitations. First, direct evidence from rescue and animal experiments 
showing that mRNAs are likely to harm the growth of BCC is lacking. Second, clinical features, such as pathological 
classification was not included in our analysis. Finally, the information was downloaded from public repositories and our 
transcriptome sequencing data were from a relatively small patient cohort.

Conclusions
In summary, FGF20, KIF23, and NCAPG were identified as diagnostic biomarkers of BCC. Moreover, these findings 
provide a dataset of hub genes/mRNA candidates and their functions and interaction networks were analyzed in detail. 
Therefore, our research is helpful in further understanding the mRNA regulation underlying the pathogenesis of BCC.
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