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Background: This study aimed to identify significant genes associated with cutaneous squamous cell carcinoma (CSCC) initiation
and development.

Methods: The overlapped differential expressed genes (DEGs) between normal and CSCC samples were firstly screened out,
followed by KEGG analysis. The top 10 hub genes were then detected from the whole protein—protein interaction (PPI) network.
Further, important biomarkers continuously associated with actinic keratosis (AK), CSCC, and CSCC invasion was successively
filtrated. GSEA analysis was finally performed to reveal potential mechanisms associated with biomarkers.

Results: A total of 179 DEGs were identified, which were enriched in pathways in cancer, PI3K-Akt signaling pathway, and human
papillomavirus infection. The 10 hub genes were firstly identified from the PPI network, and they were all highly expressed in AK
tissues compared with normal tissues. Next, we found that 6 genes were overexpressed in CSCC compared with AK tissues. Further,
we identified that the expression of 2 genes (MYBL2 and TK1) was higher in CSCC invasion groups compared with samples without
invasion. Through a series of filtrations, we confirmed that MYBL2 and TK1 were the most significant biomarkers associated with
CSCC initiation and progression. The pan-cancer analysis further supported their prognostic value in human cancers. GSEA analysis
found that they positively correlated with N glycan biosynthesis and p53 signaling pathways.

Conclusion: MYBL2 and TK1 were proved to play a vital role in CSCC tumorigenesis and progression, which may act as promising
biomarkers or therapeutic targets for accurate diagnosis and treatment of CSCC.
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Introduction

Cutaneous squamous cell carcinoma (CSCC) is related to the uncontrolled proliferation of epidermal keratinocytes and
has become the second most common skin cancer. According to the report, the incidence of CSCC increased from 18.6/
100,000 persons in 2006 to 28.1 in 2015." CSCC predominantly affected the older generation with 5 years survival rates
reported as <30%.” Regarding the pathogenic mechanism of CSCC, actinic keratosis (AK) is generally considered as the
precancerous lesion of CSCC, and the previous study has suggested that AK and CSCC exhibited highly similar clinical,
histological, and molecular characteristics.” It is estimated that 10% of AK will develop into CSCC in approximately 2
years.* What was worse, the majority of metastases (28/48; 58%) were found within 3 months of the diagnosis of CSCC,’
and metastatic CSCC patients always presented a poor prognosis, as more than 70% will die of the disease within 3
years.® Therefore, CSCC is regarded as a spectrum of diseases that arises from premalignant lesion AK to CSCC in situ
(CSCCIS, Bowen'’s disease) and finally to invasive and metastatic CSCC.

To reduce the development and metastasis risk of CSCC, it was important to identify potential novel molecular targets
for the diagnosis and therapy of patients with CSCC. At present, several pieces of research focused on the investigations
of clinically useful biomarkers for CSCC. Chen et al applied weighted gene co-expression network analysis (WGCNA)
to find 7 hub genes that played important roles in CSCC tumorigenesis, and significantly correlated with the survival of
various cancer types.” Zheng et al suggested that HIF1A, MAPKS, mTOR, BCL2L1, and RAB23 may be associated with
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CSCC of head and neck (CSCCHN) and serve as potential therapeutic targets in cSCCHN with clinical perineural
invasion (PNI).® Xu et al revealed 3 core genes (AGO4, E2F1, and CCND) and one associated IncRNAHLA-F-AS1,
which may be provided as potential therapeutic targets for CSCC.” It was necessary to detect more biomarkers to reveal
potential mechanisms in CSCC.

The present study aimed to explore potential targets involved in the initiation and development of CSCC.
Differentially expressed genes (DEGs) between normal and CSCC samples were firstly detected, and hub genes
continuously associated with AK, CSCC, and CSCC invasion were successively filtrated. Regarding the identified
biomarkers, we performed the GSEA analysis to explore the potential regulatory mechanism. This study revealed several
important targets and contributed to further revealing the mechanism behind CSCC.

Methods

Identification of DEGs

GSE42677 and GSE66359 which were obtained from the Gene Expression Omnibus (GEO) database (https://www.ncbi.
nlm.nih.gov/geo/) were used to identify the differential expressed genes (DEGs) between normal and SCC progression-
related samples, respectively. The GSE42677 contained 10 normal skin tissues and 15 SCC progression-related tissues
including 5 cases of actinic keratosis, 5 cases of in situ SCC, and 5 cases of invasive SCC, and GSE66359 included 5
normal human epidermal keratinocyte tissues and 8 CSCC tissues. Expression profiles of GSE42677 and GSE66359
were subjected to normalization through log2 (X+1) processing. The DEGs between CSCC and normal tissues were
screened out by the limma method. Threshold of false discovery rate (FDR) < 0.05 and [log2 fold change| > 1 were used
to identify the significant DEGs. Overlapped DEGs in 2 datasets were subsequently detected via Venn analysis.

PPl Network Construction and Enrichment Analyses on DEGs

A total of 179 overlapped DEGs were finally identified. The protein—protein interaction (PPI) network among DEGs was
established through the String database (https://cn.string-db.org/) with setting the medium confidence as the significant
threshold and then visualized by Cytoscape. The function of DGEs was explored through the KEGG Orthology Based
Annotation System (KOBAS) database (http://kobas.cbi.pku.edu.cn/program.run.do) by performing GO annotation and

KEGG analyses. The GO annotation consisted of biological process (BP), cellular component (CC), and molecular
function (MF). KEGG analysis was performed to evaluate the pathways in which DEGs may be involved.

|dentification of Significant Modules and Hub Genes in the PPl Network

In this study, Molecular Complex Detection (MCODE) analysis was utilized to screen out the significant modules within
the whole PPI network. The network with a score >10 was regarded as the significant module. Potential KEGG pathways
associated with genes in significant modules were predicted.

In addition, the top 20 hub genes in the whole network were screened out by the cytoHubba plugin by MCC, DMNC,
and Degree methods, respectively. Finally, 10 overlapped hub genes were detected among 3 methods. Furthermore, the
interaction between hub genes was also explored. In addition, the genetic alteration of 10 hub genes in CSCC was
evaluated through the dataset of cutaneous squamous cell carcinoma (UCSF, 2021) (83 total samples), which was
obtained from the cBioportal database (http://www.cbioportal.org/).

Target Genes Determination Associated with CSCC Initiation and Progression

CSCC can be regarded as a spectrum of diseases that commonly arise from precursor actinic keratosis (AK) and a SCC
in situ to an invasive CSCC. Therefore, this study successively identified important genes associated with CSCC
initiation and progression. Firstly, we detected the significance of hub genes associated with AK progression using
GSE98780 which contained 18 AK and 20 sun-exposed normal skin samples. Then, we determined the importance of
hub genes associated with CSCC development using GSE45216 dataset which contained 30 CSCC and 10 AK samples.
Subsequently, we evaluated the vital role of hub genes associated with CSCC progression using GSE86544 which
contained 9 CSCC, 7 CSCC with incidental perineural invasion (PNI), and 8 CSCC with clinical PNI samples. Through
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a series of analysis, the target genes continuously associated with AK, CSCC, and CSCC deterioration were filtrated. We
further disclosed the clinical importance of target genes in cancer progression by pan-cancer analysis in the TISIDB
database (http://cis.hku.hk/TISIDB/) which integrates multiple heterogeneous data types.

Expression and Potential Regulation of Target Genes in CSCC

The detailed expression of target genes in CSCC and normal tissues was assessed by merging the GSE66359 and
GSE42677 datasets. Their protein expressions in CSCC were further evaluated in the Human Protein Atlas (HPA)
database (https://www.proteinatlas.org/). GSEA analysis was then performed to reveal the potential regulatory mechan-
ism involved in CSCC. For GSEA analysis, we merged the GSE42677, GSE66359, and GSE45216 datasets to obtain
a larger sample size containing 51 CSCC samples. In addition, it has been reported that p53 signaling pathway
participated in CSCC PNI progression, therefore, the regulation of target genes on the p53 pathway was also verified.

Statistical Analysis

The SPSS 23.0 was used to perform statistical analysis. The expression of hub genes between the 2 groups was compared
via independent samples ¢-test or Mann—Whitney U-test. The one-way ANOVA or Kruskal-Wallis H-test was used for
multiple groups comparison. The combat method in the R-sva package was used to remove batch effects among different
datasets. P<0.05 was regarded as the statistical significance.

Results

Identification and Enrichment Analyses of DEGs

A total of 2879 and 677 DEGs were identified in GSE42677 and GSE66359, respectively. The up- and down-regulated
DEGs in 2 datasets were presented with volcano plots (Figure 1A). The Venn analysis detected 179 overlapped DEGs
between 2 datasets (Figure 1B). The PPI network of 179 DEGs was constructed, which contained 123 nodes and 354
edges (Figure 2A).

The enrichment analysis on DEGs was performed to reveal their potential function. The top 5 GO annotation terms
are shown in Figure 2B. The biological process was mainly involved in stress response such as response to the virus and
immune response. Primary cellular component referred to spermatoproteasome complex and chromosome passenger
complex. The oxidized DNA binding was the main molecular function. Significant KEGG pathways contained Pathways
in cancer, PI3K-Akt signaling pathway, Human papillomavirus infection, Metabolic pathway, and Cell cycle (Figure 2C).

Significant Module and Hub Genes Determination in PPl Network
Among the whole PPI network, 2 significant modules were chosen by MCODE analysis. The module 1 network
possessed a 12.571 score, containing 15 nodes and 88 edges (Figure 3A). KEGG analysis subsequently showed that
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Figure | Differential expressed genes (DEGs) selection. (A) Volcano plots of DEGs. Blue indicated downregulated genes and red indicated upregulated genes. (B) Venn
analysis for selecting consistent DEGs.
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Figure 2 PPl network construction and function analysis on DEGs. (A) PPl network among 179 DEGs. Green indicated DEGs within module | and fuchsine indicated DEGs
within module 2. (B) The top 5 GO annotation terms. (C) Significant KEGG pathways.
Abbreviations: DEGs, differentially expressed genes; BP, biological process; CC, cellular component; MF, molecular component.

these genes within module 1 participated in Human T-cell leukemia virus 1 infection, Apoptosis, Pathways in cancer, and
Platinum drug resistance. Module 2 network showed 11.638 score, containing 12 nodes and 64 edges (Figure 3B).
Pathway analysis indicated that these genes within module 2 correlated with Hepatitis C, Prolactin signaling pathway,
and Pertussis.

From the whole PPI network, 10 consistent hub genes were identified among MCC, DMNC, and Degree methods
(Figure 4A), namely IF135, RTP4, IFIT3, IFIT1, MYBL2, TPX2, PTTGI, TK1, BST2, and BIRCS. The expression heat
map of 10 hub genes is presented in Figure 4B. Venn analysis determined 5 hub genes that were contained in module 1,
namely BIRC5, MYBL2, PTTG1, TK1, and TPX2 (Figure 4C). The interaction between these 5 hub genes is shown in
Figure 4D. It followed that the regulation level of BIRCS5 ranked first because of its regulation on other 4 hub genes, and
TPX2 ranked last. Another 5 hub genes were included in module 2 (Figure 4E), namely BST2, IFI35, IFIT1, IFIT3, and
RTP4. The interaction between 5 hub genes in module 2 is shown in Figure 4F. Similarly, BST2 was ranked first on the
regulation level and RTP4 ranked last.

It should be noted that a CSCC commonly has a high mutational burden (eg, TP53, CDKN2A, Ras, and NOTCH]I).
Regarding the 10 hub genes, we also detected their genetic alteration in CSCC (Figure 5). The analysis found no genetic
alteration regarding RTP4, TK1, and BIRC5. MYBL2 showed the highest alteration frequency among 10 hub genes with

the main characteristic of missense mutation.
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Figure 3 The significant module analysis. (A) DEGs determination within Module | and associated KEGG pathways. (B) DEGs determination within Module 2 and
associated KEGG pathways.

Significant Biomarkers ldentification Associated with CSCC Progression
Actinic keratosis (AK) is generally considered a precancerous lesion of CSCC. Therefore, we firstly identified the
important biomarker associated with AK (Figure 6). The results showed that 10 hub genes were all highly expressed in
the AK group than in the normal group, implying the involvement of these genes in AK progression.

Many studies have found that AK and CSCC exhibit highly similar clinical, histological, and molecular character-
istics, and it is estimated that 10% of AK will develop into CSCC in approximately 2 years. Therefore, the CSCC
commonly arises from precursor AK. In this section, we further identified the important biomarker associated with CSCC
development. The analysis indicated that among 10 hub genes, 6 hub genes showed higher expression in CSCC than in
AK tissues (Figure 7), indicating the importance of 6 genes in the progression of CSCC. Expression difference was not
observed between the 2 groups regarding the other 4 genes.

It was estimated that the metastasis rate of primary CSCC is 3—5% and the prognosis of metastatic CSCC is poor, as
more than 70% will die of the disease within 3 years. The CSCC finally develops into invasive and metastatic CSCC.
Hence, we further identified the makers associated with CSCC migration and invasion. The result (Figure 8) showed that
only the expression of MYBL2 and TK1 showed the difference among all groups. The expression of MYBL2 in CSCC-
PNI samples was higher than in CSCC samples (all P<0.05), but the expression of TK1 in CSCC samples without PNI
was higher than in CSCC samples.

According to the above results, among 10 hub genes, only MYBL2 and TK1 were finally determined as the most
significant biomarkers involved in the initiation and development of CSCC.

To further support the clinical significance of identified MYBL2 and TKI1, we detected their expression and
prognostic value in pan-cancer. The analysis showed that almost all the cancer types showed the high expression of
MYBL2 and TK1 in tumor groups compared with the normal group (Figure 9A). Regarding prognosis analysis, MYBL2
high expression significantly shortened the survival time of patients in the majority of cancer types (black bar chart), and
the same trend was also observed about TK1 (Figure 9B). However, TK1 high expression can prolong the survival time
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Figure 6 Expression difference of hub genes between actinic keratosis (AK) and normal skin samples in GSE98780.

of CESC patients (red bar chart). These results further confirmed the important involvement of MYBL2 and TK1 in

cancer progression.

Expression and Regulatory Mechanism Exploration on MYBL2 and TKI in CSCC

The above results have confirmed the importance of MYBL2 and TK1 in cancer progression including CSCC. We further
explored their detailed expression in CSCC. Due to the insufficient samples, we merged the expression profile of
GSE66359 and GSE42677 to enlarge the sample size. Sample distribution before and after remove batch is presented in
Figure 10A. Comparison analysis showed the higher expression of MYBL2 and TK1 in the CSCC group compared with
that in the normal group (Figure 10B, all P<0.001). The protein expressions of MYBL2 and TK1 in CSCC are shown in
Figure 10C.

Due to the significance of MYBL2 and TK1 in CSCC, their potential regulatory mechanism was explored using
GSEA analysis. We obtained the expression profile matrix for GSEA analysis by combining the GSE42677, GSE66359,
and GSE45216 datasets. The sample distribution before and after remove batch is presented in Figure 11A. Pathway
analysis in Figure 11B showed that Proteasome, Homologous recombination, DNA replication, Pentose phosphate
pathway, N glycan biosynthesis pathways referred to MYBL2 high expression. The TK1 high expression correlated
with Pathways in cancer, Complement, and coagulation cascades, and N glycan biosynthesis pathways. And TK1 low
expression was associated with Glycine serine and threonine metabolism and Tyrosine metabolism. It followed that both
MYBL2 and TK1 were related to N glycan biosynthesis pathways.

The previous study has indicated the activation of p53 in CSCC with PNI compared with tumors without PN1.
Therefore, we further explored the potential regulation of MYBL2 and TK1 on the p53 signaling pathway. GSEA
analysis showed a positive regulation between MYBL2/TK1 and the p53 pathway (Figure 12). Our result has found that
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Figure 7 Differential expression of significant hub genes between actinic keratosis (AK) and cutaneous squamous cell carcinoma (CSCC) in GSE45216. Among 10 hub
genes, the expression of 4 genes showed no difference between 2 groups.

MYBL2 was upregulated in CSCC PNI compared with the group without PNI, but TK1 was downregulated in the CSCC
PNI group. According to these results, we speculated that MYBL2 might contribute to the activation of the p53 pathway
in CSCC PNI progression, while CDK1 exerted inhibition effects.

Discussion

This study firstly identified 179 differential expressed genes (DEGs) between normal and cutaneous squamous cell
carcinoma (CSCC) samples, and these genes mainly correlated with PI3K-Akt signaling pathway, Human papillomavirus
infection, and Pathway in cancer. The PI3K-Akt signaling pathway was significantly associated with CSCC progression'’
and metastasis.'' The pathway also participated in the suppression effect of lapatinib on mesenchymal transition (EMT)
in CSCC treatment.'? In addition, PI3K-Akt activation caused Stat3 activation, which played a critical role in the
proliferation and survival of human CSCC."? It followed that activation of PI3K-dependent signaling pathways has a key
role in CSCC. In terms of human papillomavirus (HPV) infection, it was commonly known for its causal relationship
with cervical cancer.'* However, the papillomavirus family consisted of numerous human cutaneous types, potentially
involved in skin cancer development, and especially CSCC contained HPV DNA (30-60%).'® It has been reported that
officially recognized HPV-174 was isolated from CSCC.'® Several studies have indicated the association between
cutaneous HPV infections and SCC development. Other CSCC-related pathways were also determined. For example,
the CD95 signaling pathway was involved in apoptosis in human CSCC.'” Targeting the mTOR signaling pathway can
reduce the growth of CSCC cells.'® The other important pathways associated with CSCC development need further

investigation.
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Figure 8 The differential expression of hub genes between cutaneous squamous cell carcinoma (CSCC) samples with or without perineural invasion (PNI) in GSE86544.
*P<0.05.

Among 179 DEGs, we determined the significant 10 hub genes, which may play a vital role in CSCC. CSCC
commonly has a high mutational burden such as TP53 and NOTCH]1."> We found that 7 hub genes showed the genetic
alteration and mutation in CSCC. Accumulation of these mutations may contribute to the uncontrolled proliferation of
keratinocytes and the formation of CSCC and disease progression.?® Our results indicated the possibility of hub genes as
risk targets in CSCC. Apart from genetic factors, the occurrence of CSCC was also related to many risk factors, such as
cumulative ultraviolet exposure, old age, immunosuppression, and smoking.?' Actinic keratosis (AK) occurred on sun-
exposed skin and may progress to invasive SCC.?* In this study, 10 hub genes were all upregulated in AK compared with
sun-exposure normal tissues, suggesting their important role in process of CSCC precursor AK. CSCC can be regarded as

a spectrum of diseases that commonly arise from precursor AK and a SCC to an invasive CSCC to a metastatic SCC with
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Figure 9 Clinical significance analysis on MYBL2 and TKI in pan-cancer. (A) Differential expression of MYBL2 and TKI| between tumor and normal samples. (B)
Associations between gene expression and overall survival across human cancers.
Abbreviations: FDR, false discovery rate; log2 (FC), log2 (fold change); NS, no significance.

a distant spread.”> As a pre-cancerous condition, AK has an up to 20% risk of progression to CSCC.?* This stimulated
our study to define the potential genes that are associated progression of CSCC. Among 10 hub genes, 6 hub genes were
further upregulated in CSCC compared with AK samples. Namely, these 6 hub genes were significantly associated with
the initiation and development of CSCC. Moreover, CSCC finally develops into invasive CSCC. The invasion such as
perineural invasion (PNI) has been recognized as a high-risk feature affecting the cure of CSCC.? Hence, we also
detected the targets associated with CSCC deterioration. We found that only MYBL2 and TK1 were differentially
expressed between CSCC samples with or without invasion. These results confirmed that MYBL2 and TK1 were the
most significant biomarkers associated with CSCC initiation and progression. The pan-cancer analysis further supported
their clinical significance from expression level and prognostic value.

GSEA analysis found that both MYBL2 and TK1 correlated with N glycan biosynthesis pathways. CSCC has been
typically characterized by the over-expression of the tumor suppressor protein p53.2° A previous study showed that
CSCC with clinical PNI may be more likely to contain alterations in the p53 pathway.?’ The regulation of MYBL2 and
TK1 on the p53 pathway was also evaluated finally. We found a positive correlation between these 2 genes and the p53
signaling pathway. We speculated that MYBL2 may promote progression of CSCC to occur PNI through altering the p53
pathway, but TK1 exerted inhibition effects.

MYBL2, a cell-cycle-regulated transcription factor, is a member of the Myb gene family involved in the control of
cell growth, differentiation, and apoptosis. Unlike other members, MYBL2 is ubiquitously expressed. Maruyama et al
suggested that MYBL2 plays an important role in the maintenance of the undifferentiated phenotype of keratinocytes in
the basal epidermal layer.®® Cicchillitti et al reported that MYBL2 may be an important factor in the pathway(s)
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Figure 10 Detailed expression of MYBL2 and TK| in CSCC. (A) Samples distribution before and after remove batch. The expression profile of GSE66359 and GSE42677
were merged, which contained 15 normal samples and 21 CSCC samples. (B) Differential expression analysis of MYBL2 and TKI. (C) Protein expression of MYBL2 and
TKI.

Abbreviation: CSCC, cutaneous squamous cell carcinoma.

regulating collagen production in scleroderma fibroblasts.”” MYBL2 is overexpressed in prostate cancer’” and basal-like
breast cancer,”’ and it is involved in the poor prognosis of these diseases. The significance of MYBL2 in cancer
progression has been revealed by more and more researchers.

TK1 is an enzyme in the pyrimidine salvage pathway and catalyzes the phosphorylation of thymidine
monophosphate.>? The level of TK1 is very low in non-proliferating cells but increases dramatically at the late G1 to
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late S-phase/early G2 phase during the cell cycle in proliferating cells and tumor cells. This makes TK1 a noteworthy
marker for cell proliferation and tumor growth. In patients with malignancies, >95% of the TKI activity in serum
(S-TK1) is derived from malignant cells.’* S-TK1 activity has been used to monitor the metastasis and prognosis in acute
leukemia, bladder carcinoma, and cervical carcinoma.>* Wu et al suggested that TK1 might be involved in the deep
lymphatic dissemination and progression of melanoma metastasis.>* These researches all supported the importance of
TK1 in cancer progression.

The present study finally revealed MYBL2 and TK1 as the crucial biomarker involved in CSCC initiation and
progression. Unfortunately, there was no related clinical prognosis data on CSCC samples for performing the further
verification. But, we performed pan-cancer analysis to predict their potential clinical value and found the unfavorable
prognostic impacts of MYBL2 and TK1 high expression in the majority of cancer types. Their prognostic value in CSCC
needs further investigation by scholars through clinical trials.

Conclusions

The present study aimed to explore the important biomarkers associated with CSCC initiation and progression. A total of
179 DEGs were obtained, and 10 hub genes were first identified to play important roles in CSCC tumorigenesis. Among
them, MYBL2 and TK1 were proved to play continuous roles in AK, CSCC, and CSCC invasion. Moreover, the pan-
cancer analysis showed that these 2 genes shortened the overall survival time of patients in the majority of cancer types,
suggesting that MTBL2 and TK1 may serve as promising prognostic biomarkers and therapeutic targets in the future.
Although N glycan biosynthesis and p53 signaling pathways associated with them were revealed, the detailed mechanism
was deserved further investigation.
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