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Abstract

Background: Cutaneous squamous cell carcinoma (cSCC) is the second most common malignancy of the skin, and its incidence is
increasing annually. Once cSCC becomes metastatic, its associated mortality rate is much higher than that of cSCC in situ. However,
the current treatments for progressive cSCC have several limitations. The aim of this study was to suggest a potential compound for
future research that may benefit patients with cSCC. Methods: In this study, we screened the following differentially expressed genes
from the Gene Expression Omnibus database: GSE42677, GSE45164, GSE66359, and GSE98767. Using strategies such as protein-
protein interaction network analysis and the CYTOSCAPE plugin MCODE, key modules were identified and then verified by Western
blotting. Subsequently, related signalling pathways were constituted in the SIGNOR database. Finally, molecular docking analyses and
cell viability assaywere used to identify a potential candidate drug and verify its growth inhibition ability to A431 cell line. Results: Fifty-
one common differentially expressed genes were screened and two key modules were identified. Among them, three core genes were
extracted, constituting two signalling pathways, both of which belong to the module associated with mitotic spindles and cell division. A
pathway involving CDK1, the TPX2-KIF11 complex, and spindle organization was validated in a series of analyses, including analyses
for overall survival, genetic alteration, and molecular structure. Molecular docking analyses identified the pyridine 2-carbaldehyde
thiosemicarbazone (NSC689534), which interacts with TPX2 andKIF11, as a potential candidate for the treatment of cSCC.Conclusions:
NSC689534 might be a candidate drug for cSCC targeting TPX2 and KIF11, which are hub genes in cSCC.
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1. Introduction

Cutaneous squamous cell carcinoma (cSCC) is the
second most common form of non-melanoma skin cancer
and results from abnormal proliferation of keratinocytes
from the epidermis or skin appendages [1,2]. It accounts
for 20% of all skin malignancies [3], has an increasing inci-
dence [4], and is expected to continue to increase in the fu-
ture with the aging population. cSCC is a malignant tumor
that can progress from actinic keratosis and cSCC in situ to
invasive ormetastatic cSCCs [5,6]. Themajority of patients
with primary cSCC, if treated early and appropriately, have
an excellent prognosis with surgical excision and a 5-year
cure rate of 90% [7]. However, a large single-center study
of more than 900 patients with cSCC who were followed
for approximately 10 years showed that the rates of recur-
rence, lymph node metastasis, and disease-related mortality
were 4.6%, 3.7%, and 2.1%, respectively [8]. Factors, such
as old age, male sex, immunosuppression, and lesions lo-
calized in the ear or lip, may increase the risk of recurrence
and metastasis [9]. Once metastasis occurs, the prognosis

is poor and there is a 70% mortality rate [10]. For the treat-
ment of progressive cSCC, surgery in combination with ra-
diotherapy is commonly applied in clinical practice. Obvi-
ously, there are limited options of treatment for progressive
cSCC. For example, the choice of radiotherapy should take
into account the lesion’s location, conventional chemother-
apy led to limited therapeutic efficacy as well as high side
effects [11], and the use of EGFR inhibitors in cSCC lacks
evidence-based support because of unsatisfactory therapeu-
tic outcomes [12]. To summarize, a better understanding of
high-risk cSCC is necessary for the development of more
effective treatments [13].

Based on previous basic research, cSCC frequently
exhibits alterations in multiple important genes (e.g., TP53,
CDKN2, and NOTCH1), as well as the activation of signal-
ing pathways, such as the EGFR signaling pathway, RAS-
RAF-MEK-ERK signaling, and PI3K/AKT/mTOR path-
way [14]. Hence, the detection of hub genes and their
involvement in signaling pathways is of great value in
the investigation of therapeutic drugs for advanced cSCC.
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Gene expression analysis using microarray datasets from
the public Gene Expression Omnibus (GEO) database pro-
vides an efficient method for studying the differences in
gene expression between different classified samples [15].
Molecular docking analysis can help predict and match po-
tential small-molecule compounds by constructing binding
models and evaluating the binding capacity through com-
puter simulation of the interaction between small-molecule
compounds (ligands) and target molecules (receptors) [16],
thus, discovering and confirming new drugs.

In this study, we used datasets from the GEO database
to screen for differentially expressed genes (DEGs) be-
tween cSCC and adjacent normal tissue. Then, we con-
structed a protein-protein interaction (PPI) network and
used two modules to identify hub genes among them. Fi-
nally, three core genes (targeting protein for Xklp2 [TPX2],
cyclin-dependent kinase [CDK]1, and kinesis family mem-
ber [KIF]11) that interact with each other were identified
using SIGnaling Network Open Resource (SIGNOR3.0).
These genes may constitute a pathway that plays a role
in mitosis and DNA repair. Based on this pathway,
NSC689534was selected as a suitable small-molecule com-
pound capable of acting on TPX2 and KIF11. Our results
suggest that TPX2 and KIF11 could be therapeutic targets
for cSCC, and NSC689534 might be a potential candidate
drug targeting TPX2 and KIF11.

2. Materials and Methods

2.1 Dataset Collection from the GEO Database and DEG
Screening

Datasets containing samples of both cSCC and normal
skin tissue were downloaded from the NCBI GEO database
(https://www.ncbi.nlm.nih.gov/geo/). Four datasets based
on the GPL571 platform, including GSE42677 (https://ww
w.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE42677),
GSE45164 (https://www.ncbi.nlm.nih.gov/geo/query/acc
.cgi?acc=GSE45164), GSE66359 (https://www.ncbi.nlm.n
ih.gov/geo/query/acc.cgi?acc=GSE66359), and GSE98767
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=G
SE98767), were finally selected for this study. After
removing samples, in which systemic treatments, such as
immunosuppression or chemotherapy, were used, a total
of 46 cSCC samples and 27 healthy skin tissue samples
were included in the subsequent analysis (Table 1). DEGs
between the cSCC and control groups were identified in the
downloaded data matrices using the R package LIMMA
(version 3.40.6; R Software for Statistical Computing, Vi-
enna, Austria). The screening criteria were set as follows:
fold change (FC) >2 and p-value < 0.05. The results were
visualized using volcano plots and heat maps. The Venn
diagram was drawn using an online Draw Venn Diagram
tool (https://bioinformatics.psb.ugent.be/webtools/Venn/).

Table 1. Microarray datasets of patients with cutaneous
squamous cell carcinoma.

Accession No.
No. of cases

Normal Cancer

GSE42677 10 10
GSE45164 3 10
GSE66359 5 8
GSE98767 9 18

2.2 Functional Enrichment Analysis
Gene Ontology (GO) functional enrichment analysis,

pathway enrichment analysis (including the Kyoto Ency-
clopedia of Genes and Genomes, Reactome Gene Sets, and
WikiPathways), and disease enrichment analysis based on
the DisGeNET database were used, and data were plotted
as bar graphs using METASCAPE (https://metascape.org/
gp/). A threshold of the enrichment number of genes ≥3
and a p-value < 0.01 were selected.

2.3 Establishment of the PPI Network and Identification of
its Key Modules

Interactions between the DEG-encoded proteins were
analytically mapped using STRING 12.0 (https://cn.strin
g-db.org/) with a threshold of a combined score >0.4 (i.e.,
medium confidence level). The obtained protein-protein
interaction network was analyzed using MCODE, a CY-
TOSCAPE plugin (https://apps.cytoscape.org/apps/mcode)
for the acquisition of functionally relevant key modules
with a degree cut-off >2, node score cut-off >0.2, k-
score of 2, and maximum depth of 100. The resulting
module genes were verified by another plug-in, CYTO-
HUBBA (https://apps.cytoscape.org/apps/cytohubba), uti-
lizing the Matthews Correlation Coefficient (MCC) algo-
rithm.

2.4 Construction of Signaling Pathways
The SIGnaling Network Open Resource (SIG-

NOR3.0), a repository of manually annotated causal
relationships between human proteins, biologically
relevant chemicals, stimuli, and phenotypes, provides ad-
vanced graphical tools to explore human cellular networks.
By searching the hub genes in the key modules using the
SIGNOR3.0 database (https://signor.uniroma2.it/), we cre-
ated networks of potential signaling pathways. The causal
relationships and mechanisms of how these proteins in the
pathway act on the development of cSCC were further
determined by searching the literature and analysing the
molecular structure of functional domains obtained from
the cBio Cancer Genomics Portal (cBioPortal).
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Table 2. Parameters for molecular docking analysis by AutoDock Vina 1.1.2.
Center Center_y Center_z Size_x Size_y Size_z Exhaustiveness Numb_modes Energy_range

5lxm 47.29 −8.97 13.98 20.0 20.0 20.0 8 9 3
9tle −19.12 −10.13 −10 20.0 20.0 20.0 8 9 3

2.5 Validation of Differential TPX2, KIF11, PTTG1, and
CDK1 Expression and Overall Survival Curves in
Multi-Databases

The expression levels of TPX2, KIF11, CDK1, and
pituitary tumor transforming gene (PTTG1) in squamous
cell carcinoma of skin and other organs were validated us-
ing Gene Expression Profile Interaction Analysis (GEPIA;
http://gepia.cancer-pku.cn/) based on The Cancer Genome
Atlas (TCGA) dataset. Kaplan–Meier plots were gen-
erated online (http://kmplot.com/analysis/index.php?p=se
rvice&cancer=pancancer_rnaseq) to plot overall survival
curves based on the expression of four core genes in head
and neck squamous cell carcinoma (HNSC); the best cut-
off value was selected automatically. The Human Protein
Atlas (HPA) (https://www.proteinatlas.org/) provided im-
munohistochemical expression maps of protein expression
patterns in cSCC and normal skin tissues.

2.6 Cancer Genome Exploration through cBioPortal
Genetic information, such as mutation rate, prognos-

tic information, molecular structure and mutations, and
post-translational modification sites for patients with cSCC
were obtained from cBioPortal (https://www.cbioportal.o
rg/). Samples were downloaded from two studies: Cuta-
neous Squamous Cell Carcinoma (MDAnderson, Clin Can-
cer Res 2014) and Cutaneous Squamous Cell Carcinoma
(UCSF, NPJ Genome Med 2021).

2.7 Prediction of Small Molecule Compound-Gene
Interaction and Molecular Docking Analysis

Small molecule compound-gene interaction analyses
were based on the Comparative Toxicogenomics Database
(CTD) (downloaded in November 2016), and the network
was visualized using the NetworkAnalyst website (https://
www.networkanalyst.ca/).

The SDF format of NSC689534was downloaded from
the PubChem database, subsequently imported into Chem-
Draw 3D for energy minimization using the MM2 module
to obtain the lowest energy advantage concept, and then
saved as a mol2 file. Protein structures were downloaded
from the UniProt database and visualized separately us-
ing the PyMOL Molecular Graphics System (Version 2.5,
Schrödinger, LLC). Afterward, the ligands (NSC689534)
and receptors (TPX2 and KIF11) were saved as pdbqt files
using MGTools (Version 1.5.6, Center for Computational
Structural Biology, Scripps Research, USA) after process-
ing for dehydration, hydrogen addition, charge calcula-
tion, merging of non-polar hydrogens, and others. The
ligands and receptors were docked using AutoDock Vina
1.1.2, [17,18] with the docking parameters shown in Ta-

ble 2. Then, concepts with higher scores were visualized us-
ing PyMOL and Discovery Studio (BIOVIA, Dassault Sys-
tèmes, FR). Pharmacokinetics, drug-likeness, and medici-
nal chemical analyses of NSC689534 were performed us-
ing the SwissADME algorithm. We analyzed drug-likeness
on the basis of the Lipinski (Pfizer Inc., New York, NY,
USA) rule of five [19], whereas the Abbot bioavailability
score and gastrointestinal absorption were used to estimate
the oral bioavailability of the drug [20].

2.8 Cell Culture and Western Blotting
The A431 (National Collection of Authenticated Cell

Cultures, Beijing, China) and HaCaT (Newgainbio, Wuxi,
China) cells were grown in Dulbecco’s modified Eagle’s
medium (SH30022.01, HyClone, Logan, UT, USA) sup-
plemented with 10% fetal bovine serum (SH30074.03, Hy-
Clone) in 5% CO2 at 37 °C. Cell lines were authenticated
with Short Tandem Repeat profiling (MicroreaderTM21 ID
System, Applied Biosystems®, Waltham, MA, USA). My-
coplasma test was performed in all cell lines every other
week using the Mycoplasma Real-Time PCR Detection Kit
(Cat. No.4460623, MycoSEQTM Applied Biosystems®,
Warrington, Cheshire, UK).

Cells were washed twice in cold phosphate buffered
saline and, then, lysed in radioimmunoprecipitation as-
say buffer for 30 min. After being boiled for 10 min,
equal amounts of protein were separated via SDS-PAGE
and transferred to polyvinylidene fluoride membranes. The
membranes were blocked with 5% skim milk and 0.1%
Tween 20 (P1379, Sigma-Aldrich, St Louis, MO, USA) in
tris-buffered saline with Tween-20 (TBST) and were then
incubated overnight at 4 °C with antibodies against KIF11
(23333-1-AP, Proteintech, Rosemond, IL, USA) and TPX2
(11741-1-AP, Proteintech) in 5% skim milk. After being
washed, the membranes were incubated in secondary anti-
bodies for 2 h. Protein bands were detected using an en-
hanced chemiluminescence system.

2.9 Cell Viability Assay
The anti-cancer ability of NSC689534 was assessed

using A431 cell line. 15,000 cells/well were seeded in 96-
well plates for 24 h, treated by relevant concentration (0,
0.25, 0.5, 0.75, 1, 2.5, 5, 7.5 µM) of NSC689534 (obtained
from MedChemExpress, Monmouth Junction, NJ, USA)
for 8 h or 24 h. The cells were then incubated with fresh
complete media containing 10% cell counting kit-8 (CCK-
8) reagent (C6005, NCM, Suzhou, CHN) for 2 h. The
absorbance at 450 nm was measured with the microplate
reader manufactured by Bio-Tek Instruments (Winooski,
VT, USA). Every group was repeated 3 times.
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Fig. 1. Identification of 51 differentially expressed genes (DEGs) from Four Datasets. (a–d) A total of 51 DEGs identified from four
datasets. Differentially expressed genes between cutaneous squamous cell carcinoma (cSCC) and healthy tissue samples in the datasets
GSE42677 (a), GSE45164 (b), GSE66359 (c), and GSE98767 (d). DEGs were screened based on FC>2 and a corrected p-value< 0.05.
Red data points in the volcano plot represent upregulated genes whereas blue points represent downregulated genes. (e) Venn diagram
of common DEGs among the four datasets. cSCC, cutaneous squamous cell carcinoma; DEG, differentially expressed gene; FC, fold
change.

2.10 RT-qPCR
RNAs were extracted from HaCaT and A431 cells

with 1 mL TRIzol (Cat. No.10296010CN, TRIzol™
LS reagent, Carlsbad, CA, USA) per sample. cDNA
synthesis and qPCR were performed using HiScript®
Ⅲ RT SuperMix for qPCR (R323, Vazyme, Nanjing,
Jiangsu, China) and AceQ Universal SYBR qPCR Master
Mix (Q511, Vazyme). GAPDH was tested for sam-
ple loading control. Primer (No.2514129018, Sangon,
Shanghai, China) sequences were as follows: TPX2:
TPX2-F GTCACCAAATCAGTTGACTTCC, TPX2-R
AAGGATGCTTTCGTAGTTCAGA; KIF11: KIF11-F
CATACTCTAGTCGTTCCCACTC, KIF11-R CAAC-
CAAGTTCAACTTTCCGAT; GADPH: GAPDH-F
CAGGAGGCATTGCTGATGAT, GAPDH-R GAAG-
GCTGGGGCTCATTT.

2.11 Statistical Analysis
Analyses and graphs were conducted with GraphPad

Prism 9.4.1 (GraphPad Software, Inc., San Diego, CA,
USA). One-way ANOVA was used for data analysis in
western blotting while T-test in RT-qPCR. p < 0.05 was
statistically significant.

3. Results
3.1 Identification of 51 DEGs from Four Datasets

We downloaded conforming microarray datasets from
the NCBI GEO database (Table 1) and examined shared
genes that were differentially expressed between cSCC and
normal skin tissue in all datasets. All DEGs identified
are shown as volcano plots (Fig. 1a–d). Based on the
matrices of the GSE42677, GSE45164, GSE66359, and
GSE98767 datasets, 3082, 1000, 1332, and 12327 DEGs,
respectively, meeting the threshold of |FC|>2 and p< 0.05
were screened. Of these, 51 DEGs were shared among the
four datasets (Fig. 1e).

3.2 Association of the 51 Identified DEGs with Cornified
Envelope Multi-Signaling Pathways Involved in cSCC and
Dermatologic Diseases

The 51 DEGs were significantly enriched in squa-
mous cell carcinoma of the skin, actinic keratosis, and
other skin-related disorders (Fig. 2a). GO and Reactome
Gene Set analysis showed enrichment in cornified enve-
lope/formation of cornified envelope (Fig. 2b,c), indicat-
ing that the screened DEGs were closely related to skin
diseases. Pathway enrichment analysis also demonstrated
that these 51 genes were associated with a variety of squa-
mous cell carcinoma-related signaling pathways, including

4

https://www.imrpress.com


Fig. 2. Enrichment analysis of the 51 DEGs. (a) Bar chart of significant GO terms with DEGs. (b) Bar chart of significant enriched
pathways. (c) Bar chart of significant enriched diseases. The bar graphs were plotted using METASCAPE with a threshold of the
enrichment number of genes ≥3 and a p-value < 0.01. DEG, differentially expressed gene; GO, gene ontology.

human papillomavirus infection, transforming growth fac-
tor beta signaling pathway, tyrosine kinase receptor signal-
ing pathway, and regulation of the TP53-related pathway
(Fig. 2c).

3.3 Further Analyses of the PPI Network and its Key
Modules

The PPI network comprizing these 51 genes contained
28 nodes and 53 interactions (Fig. 3a), and their GO func-
tional enrichment analysis was mainly related to peptide
cross-linking, keratinization, epidermal cell differentiation,
and skin development. Using the MCODE plug-in of CY-
TOSCAPE, two functionally relevant keymodules were ex-
tracted from the PPI network (Fig. 3c,d). Module A con-

tained eight genes and 23 edges, whereas module B con-
tained five genes and 10 edges. Nearly all 13 hub genes
were highly expressed in the four GEO datasets (Fig. 3b).
Genes in Module A were enriched in keratinization, pep-
tide cross-linking, and keratin-forming cell differentiation,
while those in Module B were mostly associated with spin-
dle organization and polarization, mitotic spindles, and the
cell cycle. In addition, we found that the scores of the genes
in both modules were ranked in the top 15 when they were
validated using the MCC algorithm of CYTOHUBBA, an-
other plug-in for hub gene extraction (Fig. 3e). These re-
sults confirmed the reliability of the extracted hub genes.
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Fig. 3. The protein-protein interaction (PPI) network and its key modules extracted from the DEGs. (a) PPI network of DEGs
using the STRING website. (b) Expression level of 13 hub genes in the four GEO datasets. A darker color represents a higher level of
expression. (c,d) Key modules extracted by the MCODE plug-in with a degree cutoff >2, a node score cutoff >0.2, a k-score of 2, and
maximum depth of 100. (e) Hub genes extracted using the MCC algorithm of CYTOHUBBA. A longer bar represents a higher score.
DEG, differentially expressed gene; GEO, gene expression omnibus; PPI, protein-protein interaction.

3.4 Construction of Two Potential Signaling Pathways
Composed of Hub Genes from Key Modules

Utilizing the information of the SIGNOR3.0 database,
an open-source signaling network that manually stores an-
notated causal relationships between human proteins, bi-
ologically relevant chemicals, stimuli, and phenotypes,
TPX2, KIF11, PTTG1, and another non-modular gene,
CDK1, were extracted from 13 hub genes, forming two pos-
sible signaling pathways (Fig. 4).

One of them comprised the CDK1, PTTG1, and
mitogen-activated protein kinases/extracellular signal-
regulated kinase (MAPK-ERK) signaling pathway.

PTTG1 has been shown to be highly expressed in various
neoplastic diseases, such as hepatocellular carcinoma,
cholangiocarcinoma, and breast cancer [21–23], and is
associated with tumor invasion and metastasis [24]. Both
CDK1 and MAPK are kinases, whereas PTTG1 has sites
for phosphorylation modification (Fig. 5a). However,
activation of PTTG1 through phosphorylation by MAPK
has not been confirmed in vivo, and there is a lack of
studies on the PTTG1-MAPK-ERK-related pathway in
cSCC.

Another pathway contained three genes, TPX2,
KIF11, and CDK1, of which TPX2 and KIF11 are involved
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Fig. 4. Signaling pathways constructed by SIGNOR3.0.
Searching for the 13 hub genes in the SIGNOR3.0 database. Two
signaling pathways containing three of the hub genes were auto-
matically generated for further analysis.

in the biological processes of spindle organization, mitotic
spindle pole, and mitosis in the GO functional annotation.
TPX2 includes three major functional domains: the N-
terminal Aurora A kinase binding domain, the nuclear lo-
calization signal (NLS) structural domain, and the TPX2
structural domain (Fig. 5b). Among them, the TPX2 struc-
tural domain mediates the localization of Xklp2 to the mi-
totic spindle in Xenopus Leavis [25]. KIF11, a member of
the Eg2 (KIF15) homolog family, is homologous to Xklp2.
Therefore, it is reasonable to speculate that TPX2 interacts
with KIF11 through the TPX2 domain and affects the func-
tion of the mitotic spindle, thereby leading to chromosomal
instability [26], which is an important event in tumorigene-
sis. Regarding the role of CDK1 in the pathway, both TPX2
and KIF11 have a large number of sites for phosphorylation
modification (Fig. 5b,c), especially TPX2, whose phospho-
rylation has a considerable effect on its function [27].

3.5 KIF11 and TPX2 are Highly Expressed in the A431
Cell Line

TPX2, KIF11, PTTG1, and CDK1 were consis-
tently highly expressed in the four selected GEO datasets
(Fig. 3b). Owing to the lack of a database involving
prognosis-related clinical information for cSCC, we val-
idated the expression levels and prognostic relevance of
these four genes in a variety of squamous cell carcinomas of
other tissues and cutaneous malignant melanoma that was
homozygous for cSCC (Fig. 6a–h). HNSC, which refers to
squamous cell carcinoma occurring mostly in the mucosal
areas of the head and neck, such as the tongue, pharynx, and

larynx, is broadly classified as squamous cell carcinoma
of the skin. TCGA-based analyses showed that these four
genes were highly expressed in most squamous cell carci-
nomas, as well as cutaneous melanoma (Fig. 6a–d). More-
over, elevated expression of these genes except for PTTG1
was correlated with poorer overall survival in HNSC (p <

0.1; Fig. 6e–h). The HPA database was used to verify his-
tological expression levels of TPX2 and KIF11. KIF11 was
significantlymore expressed in cSCC tissues than in normal
tissues, whereas the difference in TPX2 staining intensity
between cSCC and the adjacent normal skin tissue was not
significant (Fig. 7a). We verified the expression difference
of mRNA in the cell lines (Fig. 8d), whereas higher protein
expression level of only TPX2 was observed in A431 cells
(Fig. 8a,b).

We also queried the mutation status of these genes in
patients with cSCC using cBioPortal. Except for PTTG1
with a mutation rate <1%, the mutation rates of TPX2
and KIF11 were 7% and 9%, respectively (Fig. 7b), and
their mutations were associated with poorer overall survival
(Fig. 7c,d).

3.6 NSC689534 is a Potential Drug Candidate Acting on
TPX2 and KIF11

Based on the CTD database, interactions between
small molecular compounds and the gene TPX2 and KIF11
networks were visualized using the NetworkAnalyst web-
site (Fig. 9a). In total, 21 common small molecule
compounds were identified. After further analysis with
the help of PubChem and published literature, we ex-
cluded compounds that were inherently toxic (e.g., trogli-
tazone and mustard gas) and have been studied in cSCC
(e.g., cyclosporine) [28,29]. We selected the pyridine 2-
carbaldehyde thiosemicarbazone (NSC689534) (Fig. 9b) as
the target for further studies. Molecular docking analy-
ses identified the potential of NSC689534 to interact with
KIF11 (Fig. 9c). Although TPX2 could not dock directly
with NSC689534, the TPX2-Aurora A complex, which af-
fects spindle length in human somatic cells [30], was able to
interact with NSC689534 through hydrophobic interactions
(LEU139, VAL147, LEU263, and ASP274) and hydrogen
bonds (ASN216 and ASP274) with strong binding ability
(Fig. 9d and Table 3). Likewise, KIF11 bound NSC689534
strongly through four hydrophobic interactions and one Π-
stacking (parallel) interaction with a binding energy of -
7.3 kcal/mol (Fig. 9c and Table 3). Then, we provided
chemical insights into NSC689534 using SwissADME. Ac-
cordingly, the molecular weight of the compound was de-
termined to be 362.45 g/mol. The analysis also implied
a high level of gastrointestinal absorption, and the com-
pound could not easily cross the blood-brain barrier, indi-
cating that NSC689534 met the criteria required for a po-
tential drug in terms of properties such as molecular weight,
lipophilicity, and pharmacokinetics (Table 4). The drug-
likeness indexes (Lipinski, Ghose, Veber, Egan, Muegge)
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Fig. 5. Molecular structure and post-translational modification sites of PTTG1 (a), TPX2 (b), and KIF11 (c) according to cBio-
Portal.

were also all in compliance, and the bioavailability score
was >0.1 (Table 4), suggesting good drug-likeness. More-
over, the synthetic accessibility score of NSC689534, a
method to assess the ease to synthesize a compound, was
3.22. A score approaching one indicates that a compound
has good synthetic accessibility. In a recent research, the
anti-tumor capability of NSC689534 was identified in vitro
and in vivo [31]. The treatment of NSC689534/Cu2+ at 5
µM for 24 or 48 h could induce apoptosis in HL60 and PC3
cells [31]. According to the analysis above, NSC689534
may be an effective inhibitor of TPX2 and KIF11 and show
anti-tumor effect in cSCC.

3.7 In Vitro Verification of the Inhibition Ability to A431
Cell Line of NSC689534

A431 cells were cultured in 96-well plates and ex-
posed to different concentrations of NSC689534 for 24 h
or 48 h. After determining the cell viability with CCK8

reagent, the inhibition ability of NSC689534 to A431 cells
was confirmed (Fig. 8c). It was possible to achieve very
impressive inhibition rate even at a low concentration of
0.5 µM. Subsequently, the protein expression of TPX2 and
KIF11 was compared among normal keratinocytes, A431
cells and cSCC cells treated with NSC689534. It was found
that NSC689534 could reduce the expression of KIF11 but
not TPX2 (Fig. 8a,b). Combining results of molecular
docking analysis (Fig. 8c,d), we consumed that NSC689534
interacted with KIF11 and then reduced its expression in
cSCC cells. Our results suggested that NSC689534 could
inhibit the proliferation of A431 cells and reduce the ex-
pression of KIF11.

4. Discussion
In this study, we aimed to suggest a potential com-

pound for future research that may benefit patients with
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Fig. 6. Association of overexpressed core differentially expressed genes in different types of carcinomas with poor prognosis.
Expression levels of PTTG1 (a), KIF11 (b), TPX2 (c), and CDK1 (d) in four carcinoma types (HNSC, SKCM, ESCA, and LUSC). *p <
0.05. (e–h) Overall survival curves of patients with high and low expression of PTTG1 (e), KIF11 (f), TPX2 (g), and CDK1 (h) in HNSC
samples. p < 0.1. ESCA, esophageal carcinoma; HSNC, head and neck squamous cell carcinoma; KIFF, kinesin family member 11;
LUSC, lung squamous cell carcinoma; SKCM, skin cutaneous melanoma; TPX2, targeting protein for Xklp2.

cSCC. NSC689534 might be a candidate drug for cSCC
targeting TPX2 and KIF11. cSCC is the second most com-
mon cutaneous malignancy among nonmelanoma skin can-
cers [32]. Most patients are in the early stages of the dis-
ease at the time of consultation and can be cured by surgi-
cal excision. However, cSCC has the ability to metastasize
[10] and contributes to 20% of the mortality among skin tu-
mors [33]. Once a tumor metastasizes, surgical treatment is
often insufficient. For instance, radiotherapy, chemother-
apy, EGFR inhibitors, and immune checkpoint inhibitors
(e.g., the PD-1 inhibitor cemiplimab) can be selected as
adjuvant therapies or combined for systemic therapy. Un-
fortunately, satisfactory long-term outcomes remain diffi-
cult to achieve [12]. Moreover, few articles using bioin-
formatics have been devoted to identify potential drugs for

cSCC. Screening for DEGs that distinguish cSCC from nor-
mal skin tissue using public databases can help search for
new biomarkers for cSCC and targets for the subsequent
discovery of potential drugs using molecular docking anal-
ysis.

Here, we identified in four microarray datasets 51
shared DEGs that were significantly associated with skin
diseases and enriched in multiple signaling pathways in
cSCC. Based on the PPI network constituted by String and
the plug-in MCODE, two key functionally relevant mod-
ules were extracted, where the genes were all associated
with mitosis and cell cycle. With the aid of protein causality
annotations stored in the SIGNOR3.0 database, we identi-
fied two signaling pathways.
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Fig. 7. Histological expression levels and mutation likelihood of TPX2 and KIF11 according to the HPA database and cBioPortal.
(a) Histological expression levels of KIF11 in the HPA. (b)Mutation rates of TPX2,KIF11, and PTTG1 in cSCC. (c,d)Mutation-prognosis
curves of TPX2 and KIF11. cSCC, cutaneous squamous cell carcinoma; HPA, Human Protein Atlas; KIFF, kinesin family member 11;
TPX2, targeting protein for Xklp2.

One of the pathways consisted of the CKD1, PTTG1,
and MAPK-ERK signaling pathways. PTTG1 was isolated
from rat pituitary tumor cells in 1997 [34], and its over-
expression has been reported in a variety of endocrine-
related tumors and non-endocrine-related cancers involving
the central nervous, pulmonary, and gastrointestinal sys-
tems [35–39]. PTTG1 has been recognized as a key sig-
nature gene associated with tumor metastasis [40]. PTTG1
phosphorylation is important for protein activation [41],
and cell cycle-dependent phosphorylation during mitosis
may be associated with cell migration [42]. MAPK has
the ability to phosphorylate PTTG1 in rats, which is as-
sociated with the transactivation of PTTG1 [43]. Accord-
ingly, CDK1 and MAPK were inferred to be capable of
phosphorylating PTTG1 at different sites with distinct ef-
fects. In turn, the activation of PTTG1 can also contribute
to tumor metastasis via the MAPK-ERK signaling pathway
[22]. It has been reported that in cSCC, PTTG1 might be
a biomarker for tumor metastasis associated with mutated

p53 protein, but its value for the prediction of prognosis
is unknown [44]. Consistently, our overall survival anal-
ysis based on the TCGA database revealed no statistically
significant impact of PTTG1 expression levels on HNSC
prognosis. Consequently, this signaling pathway was not
selected for further investigations in subsequent screenings
of small-molecule compounds. Nevertheless, considering
that HNSC represents only a section of all cSCCs and that
the involvement of PTTG1 in the MAPK-ERK signaling
pathway in cSCC has not been experimentally examined, a
prognostic value of PTTG1 in cSCC cannot be completely
rejected.

Another pathway involved two core genes, TPX2 and
KIF11, as well as CDK1, which is not considered a core
gene but differed in the four datasets. Both TPX2 and
KIF11 are involved in mitosis [45]. They are able to in-
teract in certain ways, but there is no unified perspective on
the mechanism of their interaction and impact [45–48]. In
a recent study, TPX2 was shown to regulate spindle motil-
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Fig. 8. In vitro vertification of the inhibition ability to A431 cell line of NSC689534. (a,b) Expression levels of KIF11 (a) and TPX2
(b) in HaCaT cell line, A431 cell line and A431 cell line with treatment of NSC689534 at 0.25 µM for 24 h by Western Blot. ***p <

0.001. (c) Inhibition rate of NSC689534 in A431 was assessed by CCK8 assay at 24 h and 36 h. IC50 (24 h) = 0.2400 µM, IC50 (36 h)
= 0.2232 µM. (d) qPCR analysis to evaluate the expression of TPX2 and KIF11 in A431 and HaCaT cell lines.

ity through a C-terminal interaction with KIF11 [46], which
was the first report of a direct interaction between TPX2 and
KIF11. Unfortunately, no study to date has verified this
interaction in the context of human cSCC. TPX2 consists
of three major functional domains: the N-terminal Aurora
A kinase binding domain, single NLS domain, and TPX2
structural domain, of which the NLS domain is associated
with the nuclear expression of TPX2 [49]. We hypothe-
size that CDK1 interferes with the nuclear transport pro-
cess of TPX2 by phosphorylating its NLS domain, which
ultimately affects the formation of the TPX2-KIF11 com-
plex.

Subsequently, NSC689534 was selected as a poten-
tial small-molecule compound that can act on both TPX2
and KIF11, based on the CTD database and available liter-
ature. The results of molecular docking analyses showed
that NSC689534 was capable of strongly binding to KIF11
with a binding energy of –7.3 kcal/mol, whereas it could not
bind to TPX2 directly. In the next validation in vitro, the ex-
pression of KIF11 but not TPX2 was down-regulated with
the treatment of NSC689534. Meanwhile, the compound
had properties of suitable molecular weight, lipophilicity,
pharmacokinetic effects, drug-likeness, and good synthetic
accessibility. As to side effects, there were no studies
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Fig. 9. NSC689534, a potential drug candidate targeting TPX2 and KIF11. (a) Small molecular compound-gene interaction net-
work visualized on the NetworkAnalyst website. (b) Structure of NSC689534, KIF11, and TPX2. (c,d) Three-dimensional and two-
dimensional structures of ligand (NSC689534)–receptor (KIF11, TPX2) interactions. KIFF, kinesin family member 11; TPX2, targeting
protein for Xklp2.

Table 3. Interaction of ligands and receptors in the binding pocket.
Ligand Receptor PDB ID Binding affinity (kcal/mol) Bonding length Amino acid residues Interaction

689534 TPX2 5lxm −8.1
2.2 ASP274 Hydrogen bond
2.3 ASN264 Hydrogen bond

689534 KIF11 6tle −7.3 3.7 PHE113 Π-stacking

Table 4. NSC689534 meets the required criteria for drug-likeness.
Physicochemical properties

Formula C19H18N6S
Molecular weight 362.45 g/mol

Pharmacokinetics
Gastrointestinal absorption High
Blood-brain barrier permeant No

Drug-likeness
Lipinski Yes; 0 violations
Ghose Yes
Veber Yes
Egan Yes
Muegge Yes
Bioavailability score 0.55

Medicinal chemistry
Synthetic accessibility 3.22

reporting on the toxicity. While in an in vivo research,
NSC689534 did not lead to any loss in animal models [31].
The above analysis suggested that this compound had the

potential to be an effective inhibitor of KIF11. Various
thiosemicarbazones, such as Triapine, have been explored
as anti-tumor agents [25,50]. NSC689534 was reported
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to be capable of inducing cell death associated with re-
active oxygen species generation and depletion of cellu-
lar glutathione [51,52], whereas Cu2+ enhanced its anti-
proliferative activity [31]. If the anti-tumor effect and tox-
icity of NSC689534 can be clarified in vivo, it has the po-
tential to be applied to patients with progressive cSCC. It
can be used as a systemic treatment for patients whose le-
sions cannot be surgically resected or who have developed
metastases.

Overall, our study suggests that CDK1, TPX2, and
KIF11may play a role in the development of cSCC by form-
ing a signaling pathway that affects spindle organization
and mitosis through their interactions. NSC689534 may be
a potential drug candidate for the treatment of cSCC ow-
ing to its satisfactory bioavailability, synthetic accessibil-
ity, and relatively strong binding ability with KIF11, and
the efficiency in vitro.

However, it should be noted that in vivo validation ex-
periments are lacking, which is the main limitation of the
present study. Moreover, our study suggested the com-
pound’s effect on the interaction and expression of KIF11.
Whether NSC689534 inhibited cell proliferation by affect-
ing mitosis through interactions with KIF11 or induced
apoptosis through oxidative stress as suggested in other es-
says remained to be shown. Thus, the detailed mechanism
of NSC689534 needed more experiments to confirm. In the
future, we will focus on validating the function of the two
core genes in vivo and the mechanism of NSC689534 in
vivo.

5. Conclusions
Based on the study findings, we propose a potential

signaling pathway involved in the development of cSCC,
where TPX2 and KIF11 may play an important role. This
pathway ultimately affects spindle organization and mito-
sis. Both of them were proved to be highly expressed in
mRNA level in the A431 cell line. Thus, NCS 689534 may
be a potential drug candidate targeting KIF11 in this path-
way. However, the hypothesis regarding the mechanism
and specific role of NSC689534 in cSCC still requires fur-
ther experimental validation. Our findings suggest a po-
tential drug for progressive cSCC and prove the value of
NSC689534 for further research, which provide new in-
sights into systemic therapy for progressive cSCC.
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