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Abstract: Objectives: This study aimed to analyze the effects of naphthoquinone scaffold-derived compounds on
head and neck squamous cell carcinoma (HNSCC) using network pharmacology and molecular docking. Methods:
We screened candidate compounds from the ASINEX database and evaluated their drug likeness and toxicity. They
identified 80 compounds with naphthalenone structures, focusing on 1,4-naphthoquinone and 1,2-naphthoquinone
scaffolds. The possible targets of these compounds were predicted using databases like SwissTargetPrediction and
Similarity Ensemble Approach Database (SEA). Results: The common targets between the compounds and HNSCC
were identified, yielding 65 overlapping targets. A protein-protein interaction (PPI) network was constructed, and 20
hub genes were identified based on centrality metrics. Gene ontology (GO) enrichment and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analysis revealed that these compounds’ protective effects against HNSCC
are associated with cancer-related pathways, such as those in cancer and proteoglycans in cancer. Molecular dock-
ing was performed to evaluate the binding affinity between the compounds and hub genes. The results showed that
the compounds had strong binding affinities with key targets like MET and TYK2, with binding energies < -5 kcal/
mol. Conclusions: The study suggests that naphthoquinone derivatives could serve as novel chemotherapy agents
for HNSCC, warranting further research for clinical application.

Keywords: Naphthoquinone, molecular docking, head and neck squamous cell carcinoma, network pharmacology,
virtual screening

Introduction

Squamous cell carcinoma (HNSCC) is the most
prevalent and significant pathologic type of
malignant tumor occurring in the head and
neck. In 2022, approximately 54,000 new
cases of HNSCC were diagnosed in the United
States, and it was the seventh most common
cancer globally [1]. Around 60% of patients are
diagnosed at a locally advanced stage [2]. The
overwhelming majority of advanced HNSCC
cannot be cured by a sole surgical treatment
approach and often necessitate multidisci-
plinary combined diagnosis and treatment.
Radiotherapy in combination with cisplatin is
referred to as concurrent chemoradiotherapy.
Platinum - based concurrent chemoradiothera-
py plays a highly significant role in the treat-

ment paradigm of HNSCC. Clinically, numerous
high - risk patients and some patients who do
not meet the surgical criteria opt for concurrent
chemoradiotherapy, which has been a standard
treatment modality during the past 30 years
[3]. Nevertheless, concurrent chemoradiother-
apy also has issues such as drug resistance,
severe side effects, and relatively obvious short
- term and long - term toxicities [4, 5]. At pres-
ent, no new treatment modality has been able
to replace this cisplatin - based concurrent
chemoradiotherapy. We hope to seek com-
pounds with lower toxicity to take the place of
cisplatin in concurrent chemoradiotherapy. Na-
tural products are an important source of rich
drug diversity. Roughly estimated, half of the
drugs marketed nowadays are derived from
natural medicines, which may be an important
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research direction for the development of low -
toxicity drugs [6].

Naphthoquinone derivatives are a common
class of natural compounds originating from
marine fungi and plants [7, 8]. In theory, there
are six possible naphthoquinones, but only
three, namely 1,4-naphthoquinones, 1,2-naph-
thoquinones, and 2,6-naphthoquinones, can
be stably synthesized. Among these, 1,4-na-
phthoquinone (ortho-naphthoquinone) is the
most stable and common, while 1,2-naphtho-
quinone (meta-naphthoquinone) and 2,6-naph-
thoquinone are less common [9]. Naphtho-
quinone derivatives have been found to pos-
sess potential anticancer properties. Napabu-
casin (BBI-608), Sepantronium bromide (YM-
155), and Menadione (vitamin K3) have dem-
onstrated significant anticancer effects against
metastatic colorectal cancer, lymphoma, and
liver cancer, both as monotherapies and in
combination with other anticancer agents [10].
Plumbagin, a natural compound extracted from
Plumbago zeylanica L., induced apoptosis in
oral squamous cell carcinoma (OSCC) cells by
suppressing tumor cell proliferation [11]. It also
inhibited Nrf2-mediated signaling pathway in
human tongue squamous cell carcinoma cells
[12]. Sepantronium bromide (YM-155) is a sur-
vivin inhibitor with a naphthoquinone structure.
It is a potent inhibitor of the growth of SCC9
cells, which express high levels of survivin, and
can enhance apoptosis and autophagic cell
death in HNSCC cells [13, 14]. B-Lapachone
(clinical trial form ARQ761) is a natural naph-
thoquinone compound with a unique quinone
structure. It can be catalyzed by NQO1 to pro-
duce reactive oxygen species (ROS), thereby
exerting a cytotoxic effect on HNSCC cells [15].
Isoplumbagin (5-hydroxy-3-methyl-1,4-naphth-
oquinone) is a naturally occurring quinone from
Lawsonia inermis and Plumbago europaea,
exerting anticancer effects by regulating mito-
chondrial dynamics and function [16]. Borges
and colleagues investigated the anticancer
activity and molecular mechanisms of 16
chemically selective derivatives of 1,4-naph-
thoquinone derived compounds in an OSCC
model. One of these compounds exhibited
superior pharmacokinetic characteristics com-
pared to cisplatin and doxorubicin, demonstrat-
ing high selectivity and good tolerability in
animals [17]. Aryl diazonium naphthoquinone
compounds can intercalate into DNA, thereby
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exerting anticancer effects. Zorzanelli and col-
leagues studied 26 aryl diazonium naphtho-
quinone compounds, and one of these com-
pounds demonstrated pharmacologic charac-
teristics within the ideal criteria for drug devel-
opment [5].

This study uses network pharmacology and vir-
tual screening techniques to identify novel
naphthoquinone derivatives for the treatment
of HNSCC.

Materials and methods

Collection and screening of naphthoquinone
scaffold-derived compounds

The candidate compounds used for screening
were sourced from the ASINEX database
(http://www.asinex.com). Data were imported
from the database into DataWarrior (download
from https://openmolecules.org/datawarrior/)
[18]. To broaden the scope of our search, we
used the “Structure” function in the software to
draw the structure of naphthalenone. We then
excluded naphthalenone from the resulting
compounds and extracted those compounds
that had structures similar to those of 1,2-
naphthoquinone, 1,4-naphthoquinone, and
2,6-naphthoquinone.

The prediction of drug-likeness and toxic
criteria

The drug similarity was assessed using
SwissADME (http://www.swissadme.ch/index.
php) according to Lipinski’'s rule of five: mole-
cular weight (< 500 g/mol), Topological Polar
Surface Area (TPSA) (< 140 A2), Moriguchi octa-
nol-water partition coefficient (MLogP) (< 4.15),
Hydrogen Bonding Acceptor (HBA) (< 10) and
Hydrogen Bonding Donor (HBD) (< 5). Sub-
sequently, the toxicity of the compounds was
evaluated using the OSIRIS Property Explor-
er (https://www.organic-chemistry.org/prog/
peo/), which includes mutagenicity, tumorige-
nicity, irritancy, and reproductive effects. The
software predicts toxicological risks through
four principles: quantitative structure - activity
relationships (QSAR), quantitative structure -
property relationships (QSPR), built - in toxicity
rules, and comparisons with known toxic com-
pounds. Only non-toxic compounds that pass-
ed all toxicity criteria were further evaluated.
The software also provided a Drug-score based
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on toxicity and solubility, with a threshold set at
0.5.

Naphthoquinone derivatives and common
target prediction in HNSCC

Possible targets of 1,4-naphthoquinone scaf-
fold-derived compounds were predicted us-
ing the SwissTargetPrediction Database (STP)
(http://www.swisstargetprediction.ch/) and the
Similarity Ensemble Approach Database (SEA)
(https://sea.bkslab.org/) [19, 20]. Input the
SMILES - format chemical formulas of com-
pounds into the STP and SEA databases. STP
constructs prediction models based on known
compound - target interaction knowledge and
conducts structural similarity comparisons be-
tween the input small molecules and a large
number of compounds in the database. By
using machine learning algorithms and statisti-
cal models and based on the target informa-
tion of similar compounds, it predicts the poten-
tial targets of the input small molecules. SEA
employs an integrated similarity method for
prediction. It compares the input compound
with multiple reference compounds in the data-
base that have known target information, cal-
culates the similarity scores between the input
compound and the reference compounds, and
comprehensively evaluates the possible tar-
gets of the input compound based on these
scores and the target information of the refer-
ence compounds. Then, we removed duplicat-
es from the targets obtained from the two
databases.

We downloaded the differentially expressed
genes in HNSCC from gene expression profil-
ing interactive analysis (GEPIA) website [21].
Using the Venny website (https://bioinfogp.cnb.
csic.es/tools/venny/index.html), we obtained a
Venn diagram representing the common tar-
gets of naphthoquinone derivatives and
HNSCC.

Construction of Protein-Protein Interaction
(PPI) network and identification of key targets

We inputed the shared targets into the STRING
platform (https://cn.string-db.org/) and used
the multi-protein analysis function [22]. We
imported the downloaded PPl data into Cy-
toscape 3.7.1 and visualized the PPl network
[23]. We removed nodes that were not connect-
ed to the main network. Using the CytoNCA plu-
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gin, we filtered and selected 20 hub genes
based on the criteria: Degree > 5, Between-
ness > 20, and Closeness > 0.22 [24]. The PPI
network was analyzed using the MCODE plugin
for clustering. The criteria for clustering were
set as follows: Node Score Cutoff = 0.2, K-Core
= 2, and Max. Depth = 100.

Gene ontology (GO) enrichment analysis and
Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis

We introduced the hub genes into the David
platform (https://david.ncifcrf.gov/) [25]. We
set the Identifier to “OFFICE_GENE_SYMBOL”,
the species to “Homo sapiens”, and the List
Type to “Gene List”, respectively. Then, se-
lect “GOTERM_BP_DIRECT”, “GOTERM_CC_
DIRECT”, and “GOTERM_MF_DIRECT” in Gene
Ontology, as well as “KEGG_PATHWAY” in
Pathways. GO enrichment analysis and KEGG
pathway analysis were conducted, and the
results were visualized using R (4.4.1). Pathway
diagrams were generated using the Pathview
package [26].

Molecular docking

Molecular docking between the protein encod-
ed by the hub gene and the compound was
performed using AutoDock software. The 3D
structure of the compound in SDF format was
obtained from PubChem, and the SDF file was
converted to pdbqt format using OpenBabel
software. The structure of the target protein
was downloaded from the PDB website (https://
www.rcsb.org/) [27].

AutoDock Vina 1.1.2 was used for molecular
docking to obtain the binding energy value, and
the combination with the lowest binding energy
was visually analyzed by PyMOL 2.4.0 softwa-
re (http://www.pymol.org/pymol) [28]. Protein-
ligand interaction profiler (PLIP) website was
used to analyze the interaction forces between
ligand and receptor (https://plip-tool.biotec.tu-
dresden.de) [29].

Survival analysis in relation to core targets

Analysis of the overall survival in relation to 20
core targets was performed using the universi-
ty of Alabama at Birmingham cancer data anal-
ysis portal (UALCAN) (http://ualcan.path.uab.
edu/analysis.html) database [30]. This is a
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Table 1. Physicochemical properties of the naphthoquinone scaffold-derived compounds

Compounds Molgcular TPSA MLogP  HBA HBD Bioavailability Toxicity. Tumorigenic Reprodulctive Irritant  Durg-score  SAscore
weight Score Mutagenic effective
1 295.29 93.53 1 5 0 0.55 None None None None 0.84 3.03
2 307.34 57.61 1.28 3 1 0.55 None None None None 0.58 2.31
3 243.26 46.61 0.29 3 0 0.55 None None None None 0.51 2.27
4 354.81 83.14 -0.19 5 0 0.55 None None None None 0.81 2.33
5 368.84 83.14 0.05 5 0 0.55 None None None None 0.76 2.39
6 375.42 69.72 0.9 3 1 0.55 None None None None 0.73 2.23
7 389.45 69.72 0.85 4 1 0.55 None None None None 0.74 2.22
8 353.8 53.51 1.35 3 0 0.55 None None None None 0.74 2.25
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Figure 1. The eight compounds selected.

comprehensive and user - friendly online plat-
form for cancer data analysis. It is mainly con-
structed based on the data from large - scale
cancer research projects such as The Cancer
Genome Atlas (TCGA) and Clinical Proteomic
Tumor Analysis Consortium (CPTAC), and was
used to mine and analyze cancer - related gene
expression data, clinical information, and a
variety of other cancer - related molecular fea-
tures [31]. Kaplan-Meier method was used to
analyze the relationship between hub genes
expression and overall survival rate in HNSCC
patients. P value < 0.05 was used for screening
to indicate significance.

Prediction of synthesis routes and analysis of
synthesis difficulty

Using Reaxys for retro-synthetic analysis to
evaluate the synthesis difficulty and industrial
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production cost of potential
chemotherapeutic drugs [32].
The synthesis route present-
ed here is derived from pub-
lished literature. Additionally,
the software AiZynthFinder
was utilized for retro-synthesis
analysis. This tool combines
Monte Carlo Tree Search
(MCTS) with neural networks
for retro-synthetic planning
[33]. The R package Rdkit is
used to calculate the synthetic
accessibility score (SAscore) of
compounds [34].

Results

Screening for drug-likeness
and toxicity properties of
naphthoquinone scaffold
derivatives

We retrieved a comprehensive
set of 575,302 compounds
from the ASINEX database and
screened them using Data-
Warrior chemical data analys-
is and visualization software
V5.5.0. This process yielded
80 compounds with naphtha-
lenone structures, including
26 compounds with a 1,4-
naphthoquinone scaffold, 6
compounds with a 1,2-naph-
thoquinone scaffold, and no
compounds with a 2,6-naphthoquinone scaf-
fold. Additionally, we identified a compound
substituted by two N, groups that, although not
a naphthoquinone derivative, exhibited favor-
able drug-likeness with a Drug-score greater
than 0.5. Therefore, we included this compound
in subsequent studies. Nineteen 1,4-naphtho-
quinone and five 1,2-naphthoquinone com-
pounds were predicted to have no toxicity prop-
erties (Table 1). A total of eight compounds
with a Drug-score greater than 0.5 were select-
ed (Figure 1).

Acquisition of common targets of naphthoqui-
none scaffold-derived compounds and HNSCC

Then, the targets related to the 8 compounds
were retrieved from the STP (287) and SEA
(283), respectively. After sorting out and remov-
ing duplicate targets, 508 targets were collect-
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Figure 2. Compound targets and HNSCC targets. A: Venn diagram of predicted compound targets from the database
and HNSCC differentially expressed genes downloaded from the Gepia website. B: PPI of the intersecting target

genes, with hub genes represented by yellow nodes.

ed. The HNSCC differential expressed genes
downloaded from the GEPIA website amounted
to 2,077. The intersection of the two datasets
yielded 65 overlapping targets (Figure 2).

Protein-protein interaction network analysis

We constructed a protein-protein interaction
(PPI) network consisting of 65 targets. After
removing nodes that were not connected to
the main network, 58 nodes and 227 edges
remained. We analyzed the network’s topology
using a series of metrics and identified 20 hub
genes (Table 2). Proteins with high degree of
centrality may interact with many other pro-
teins; those with high betweenness centrality
may act as bridges connecting different func-
tional modules or protein groups; and those
with high closeness centrality have a shorter
average distance to other vertices, indicating a
higher value. By integrating these centrality
metrics, we can identify the most important
proteins in the network, which hold the great-
est research value.

Using the MCODE plugin in Cytoscape for clus-
tering analysis, highly connected sub-networks
were generated, and the targets were assigned
to three clusters: Cluster 1 (12 nodes and 60
edges), Cluster 2 (8 nodes and 25 edges), and
Cluster 3 (4 nodes and 5 edges) (Figure 3). It
was found that 10 genes in Cluster 1 were hub
genes. The nodes within each cluster were
closely connected, while the connections be-
tween nodes of different clusters are sparse.
GO analysis of the molecules in each cluster
revealed that the corresponding biological pro-
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cesses (BPs) were primarily proteolysis, protein
phosphorylation, and pyruvate catabolic pro-
cess. The molecular functions (MFs) were main-
ly serine-type endopeptidase activity, ATP bind-
ing, and proton symporter activity for lactate.
The cellular components (CCs) were mainly
extracellular space, nucleoplasm, and lateral
plasma membrane.

GO enrichment analysis, KEGG pathway
analysis and construction of compound-target-
pathway-disease network

To identify the top 10 target functions, GO
enrichment analysis and KEGG pathway analy-
ses were performed through the David data-
base. Three categories of GO functional anno-
tated targets were obtained.

BP was mainly associated with phosphoryla-
tion, positive regulation of cell migration, and
proteolysis. CC was mainly associated with
plasma membrane, extracellular region, and
extracellular space. MF was mainly associated
with protein binding, zinc ion binding, and ser-
ine-type endopeptidase (Figure 4).

There were 30 signaling pathways by KEGG
analysis. We chose the top 10 signaling path-
ways presented in Figure 4 and Table 3.
The protective effects of naphthoquinone scaf-
fold-derived compounds against HNSCC were
closely linked to Pathways in cancer and
Proteoglycans in cancer. The molecules in
these two pathways might possess consider-
able research value.
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Table 2. Gene names, degree value, be-
tweenness centrality, and closeness central-

ity of key targets
Gene Degree Betweenness Closeness
MMP9 28 1089.0054  0.6195652
TGFB1 22 295.60474  0.54285717
MMP2 20 109.318306 0.5135135
ITGB1 18 308.2275 0.5181818
SERPINE1 17 365.92612 0.5
PLAU 16 37.37246 0.47107437
MMP1 16 143.79555  0.4871795
MMP3 16 7211424  0.49565217
MMP7 15 36.277256 0.475
PDGFRB 15 150.66086 0.48305085
PLAUR 14 42.858303 0.46721312
CTSK 12 61.80439 0.4453125
MMP12 12 6.0379367  0.4488189
MMP13 12 6.0379367  0.4488189
CDK2 12 307.97458 0.45238096
MET 12 75.3386 0.46721312
FLT1 11 40.20683 0.46341464
CTSL 10 7.7166667 0.41911766
CA9 9 164.92143  0.4488189
CDK1 9 17411488 0.42857143
BMP1 8 0.52444446 0.4160584
IDO1 7 282.38104 0.46341464
PIK3CD 7 8.462358 0.40425533
TYK2 7 27.299515 0.40714285
PLK1 7 1.5587412  0.32947975
CHEK1 7 1.5587412  0.32947975
AURKA 7 41.521183  0.3607595
FAP 6 1.9669977 0.40140846
CA2 6 155.1567 0.4160584
CDC25B 6 7.3333335 0.32947975
RAD51 6 0.65874124 0.3275862
MAOB 6 226.16397  0.3607595
NOX4 5 0] 0.42222223
PLCG1 5 3.0173738 0.37748346
PRKDC 5 0 0.3220339
MAPK12 5 134.22804 0.42222223
SLC16A3 5 30.905125 0.375
MME 5 9.126003  0.42222223
C5AR1 5 8.976191  0.40425533
ALDH1A1 5 276.54013  0.4488189
LIPE 4 151.6873 0.2923077
PDK1 4 37.307144  0.34756097
SLC16A1 4 4.1 0.33333334
TDO2 3 83.36645 0.34969324
CFD 3 150.99863 0.36305732
PLA2G7 3 112 0.39310345
136

EPHX2 3 110.33121  0.3275862
MGLL 2 12.766666  0.2614679
RBP4 2 0 0.34545454
ALDH3A1 2 6.75 0.27142859
RORC 1 0 0.35403726
SOAT1 1 0 0.2835821
SFRP1 1 0 0.32947975
PYGL 1 0 0.22709164
PRNP 1 0 0.3433735
HTR7 1 0 0.26635513
DUSP1 1 0 0.2984293
CA3 1 0 0.29533678

The KEGG pathways, Pathways in cancer, was
visualized using Pathview (Figure 5). In addi-
tion, the network diagram of the relationship
among compounds, key targets, top 10 signal-
ing pathways, and HNSCC was also established
(Figure 6).

Molecular docking

Molecular docking is utilized to evaluate the
binding affinity between naphthoquinone fra-
mework drugs and their potential targets. The
binding affinity is denoted by negative binding
energy. Generally speaking, the binding energy
between small molecules and proteins is <
-5.0 kcal/mol, indicating that the two have good
binding activity [35]. The parameters for mo-
lecular docking were generated through the
SwissDock (https://www.swissdock.ch/) web-
site (Table 4).

It was found that the binding energies of all
compounds and the 10 core genes were all <-5
kcal/mol. (Figure 7) Furthermore, among the
core targets, MET had the strongest binding
affinity with compound 7, with -10.3 kcal/mol.
The binding affinity between TYK2 and com-
pound 8 was the second strongest, being -10
kcal/mol (Table 5).

Hydrogen bonds are typically the strongest, fol-
lowed by halogen bonds, while hydrophobic
interactions are relatively weaker. Therefore,
we have marked the locations of hydrogen
bonds and halogen bonds in the figure (Figure
8).

Clinical relevance of core genes
Twenty hub genes were imported into the

UALCAN database for clinical relevance analy-
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sis. The expression levels of Plasminogen
Activator, Urokinase (PLAU), and tyrosine kina-
se 2 (TYK2) was significantly correlated with
overall survival (P < 0.05) related to overall
survival of HNSCC patients (Figure 9). These
two genes, serving as biological markers indi-
cating tumor progression, may become new
targets for drug development.

Prediction of synthesis routes and analysis of
synthesis difficulty

The synthesis accessibility scores (SAscore) of
the compounds was all lower than 5, indicating
that the compounds were not difficult to syn-
thesize. The compound 6, 7 and 8 had strong
binding affinity with most hub genes, so we con-
ducted retrosynthetic analysis on them (Figure
10).

Compound 6 did not have a synthesis rou-
te provided in Reaxys; therefore, we used
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AiZynthFinder for analysis. The results revealed
that the synthesis route for compound 8 was
identical to the one provided in Reaxys.

There were seven types of raw materials
required for the synthesis of the compound.
These molecules were all commercially avail-
able chemical reagents, and there are multiple
methods for their synthesis. Among these
methods, a synthesis route with lower cost and
higher yield can be selected.

Discussion

The development of drugs, particularly anti-
cancer drugs, is a lengthy process. We aim to
expedite this process through network pharma-
cology and other data mining technologies.
From 1981 to 2019, approximately 23.5% of
newly approved drugs and 33.6% of approved
small-molecule drugs worldwide were derived
from natural products and their derivatives

Int J Clin Exp Pathol 2025;18(4):130-147
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Table 3. Annotation of KEGG pathways with TOP10 enrichment degree and the involved potential

targets

Term Count P-Value Genes

Pathways in cancer 8 7.42E-05 PDGFRB, ITGB1, TGFB1, MMP1, MMP2, CDK2, MET, MMP9
Proteoglycans in cancer 7 2.96E-06 ITGB1, TGFB1, PLAU, MMP2, PLAUR, MET, MMP9
Rheumatoid arthritis 5 4.11E-05 TGFB1, FLT1, MMP1, CTSK, MMP3

Prostate cancer 5 4.84E-05 PDGFRB, PLAU, CDK2, MMP3, MMP9
Transcriptional misregulation in cancer 5 6.60E-04 FLT1, PLAU, MMP3, MET, MMP9

PI3K-Akt signaling pathway 5 0.006574962 PDGFRB, ITGB1, FLT1, CDK2, MET

Relaxin signaling pathway 4 0.002534665 TGFB1, MMP1, MMP2, MMP9

Cellular senescence 4 0.004321239 TGFB1, CDK2, SERPINE1, CDK1

Hepatitis B 4 0.004800012 TGFB1, CDK2, TYK2, MMP9

Focal adhesion 4 0.008813992 PDGFRB, ITGB1, FLT1, MET

[36]. Natural drugs can be categorized based
on their sources into plant-based drugs, ani-
mal-derived drugs, mineral drugs, microbial
drugs, fungal drugs, and marine organism
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drugs, encompassing a wide variety. Compar-
ed to large molecule drugs, small molecule
drugs generally offer advantages such as bet-
ter chemical stability, simpler storage condi-
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Table 4. Grid docking parameters in molecu-
lar docking

Target name PDBID Xcenter Y center Zcenter

PLAU 1C5W 16 4 17
PLAUR 1YWH 44 0 36
TYK2 3LXN -10 3 17
MMP9 1GKC 55 20 129
TGFB1 1KLA 0 0 0
MMP2 1CK7 61 95 144
ITGB1 3GoW 27 1 -8
SERPINE1 1A7C 13 13 20
MMP1 1AYK 0 15 14
MMP3 1B3D -4 28 17
MMP7 1IMMP 22 38 43
PDGFRB 1GQ5 -7 28 4
CTSK 1ATK -31 -23 63
CDK2 1AQ1 0 28 19
MET 1FYR 39 0 84
FLT1 1FLT 1 -2 24
CA9 2HKF 4 6 5
CDK1 4Y72 7 -53 193
IDO1 2DOT 66 33 21
CA2 12CA -7 0 16

tions, a variety of oral administration routes,
and relatively fewer side effects [37]. Small
molecule drugs are a component of Antibody-
Drug Conjugates (ADCs), some small molecule
drugs target immune-related pathways and
may complement antibody drugs, thereby en-
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hancing the effectiveness of immunotherapy
[38, 39]. Naphthoquinone compounds can pen-
etrate cell membranes and may exert antican-
cer effects by mechanisms such as interfering
with DNA replication in tumor cells and inhibit-
ing their proliferation. The most widely docu-
mented isoform is known as 1,4-naphthoqui-
none. Various analogues have been discovered
based on chemical modifications of 1,4-na-
phthoquinone, such as Juglone, Plumbagin,
Shikonin, anthraquinone [40]. The naphthoqui-
none derivatives of interest in this study pri-
marily originate from the ASINEX database. The
ASINEX database is a comprehensive chemical
database that focuses on providing high-qua-
lity compound libraries and drug development
services.

Among the eight compounds we selected, all
had structures that include 3-4 ring systems.
The first three were derivatives of 1,2-naphtho-
quinone, while the remaining ones were de-
rivatives of 1,4-naphthoquinone. Compound
3 contains a morpholine moiety. Morpholine
derivatives are a class of anti-cancer agents
that target various cancer cell lines, including
breast cancer, gastric cancer, and non-small
cell lung cancer [41, 42]. Morpholine contains
a piperazine group, which can form amide
bonds with other active groups. In this case, it
forms a relatively stable carbon-nitrogen single
bond with a benzene ring. Compounds 4, 5, 6,
7, and 8 all contained a piperazine structure.
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Figure 7. Molecular docking heat map of naphthoquinone scaffold-derived compounds and core targets.

Table 5. Molecular docking results between the naphthoquinone
scaffold-derived compounds and hub targets

1 2 3 4 5 6 7 8
PLAU -7 -7 -1 -8 79 81 82 84
PLAUR 57 65 57 57 63 63 -7 -7
TYK2 87 84 86 -85 83 9 94 -10
MMP9 63 54 5H3 H8 b7 65 65 78
TGFB1 62 57 5H5 614 61 64 69 63
MMP2 66 69 68 -714 -74 84 82 -8
ITGB1 -69 87 -r 83 82 86 -89 95
SERPINEL 53 59 58 55 54 63 66 -59
MMP1 51 53 51 54 5H4 58 59 bbb
MMP3 62 62 61 66 68 -81 -84 -8
MMP7 65 64 61 -73 -74 86 86 -84
PDGFRB 58 58 61 64 64 66 6.7 -71
CTSK -1.2 -7 6.7 -71 -7 -7.6 -1.4 -8
CDK2 89 89 81 91 9 92 95 95
MET 81 83 -76 -85 -85 95 -103 96
FLT1 59 61 54 65 63 6.6 6.7 -75
CA9 62 63 65 69 69 -76 -9 17
CDK1 65 65 66 67 66 69 -7 17
IDO1 74 74 69 -74 74 82 83 85
CA2 -6 66 62 68 -6.7 -76 79 14

The data marked in red are the results of the molecular docking experiments for
the compounds with the strongest binding force to proteins.
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Compounds 4 and 5 had simi-
lar structures, both containing
sulfonyl and piperazine groups.
Piperazine derivatives have be-
en extensively studied for their
anticancer properties [43].

Compounds 6 and 7 were also
quite similar; both were acet-
amides containing a benzylpi-
perazine. Natural products or
their derivatives containing the
piperazine structure, such as
chrysin, monoflavonoid, gam-
bogic acid, wogonin, and quer-
cetin, exhibit certain cytotoxic
effects on cancer cell lines
[44]. Compound 8 contained
a piperidine ring, which is wi-
dely present in pharmaceuti-
cals, such as Chlorpromazine,
Vandetanib, Delorazepam, and
Lacosamide [45]. The antitu-
mor activity of piperidine ami-
de derivatives is remarkable
[46, 471].
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Figure 10. Final step of the synthetic route of compounds. A: Synthetic route of compound 7 from Reaxys. B: Syn-
thetic route of compound 8 from Reaxys. C: Synthetic route of compound 6 from AiZynthFinder. D: Synthetic route
of compound 7 from AiZynthFinder.

STP predicts the targets of compounds based sourced from the ChEMBL database, where the
on the similarity of their two-dimensional and majority of targets are human proteins [48].
three-dimensional structures to those of known The SEA database integrates compound and
compounds. Predictions can be made across target information from databases such as
three different species: human, rat, and mouse. ChEMBL and MDDR (MDL Drug Data Report). It
The known compound-target interactions are uses Daylight molecular fingerprints to calcu-
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late the similarity of compounds and clusters
the targets of similar compounds [49]. By com-
bining data from these two databases, we can
more comprehensively predict drug targets.
The action of drugs on their targets is primarily
determined by the structural compatibility of
two molecules. For proteins, function is closely
related to structure; therefore, the target pro-
teins screened out may have connections in
their signaling pathways. Small molecule drugs
tend to have a broad spectrum of activity, so we
set a larger range for identifying hub genes,
namely 20.

Among these genes, only two were statistically
significant in their relationship to the overall
survival of HNSCC patients in the UALCAN data-
base. However, other genes have also been
reported in the literature to have carcinogenic
effects. Therefore, the compounds’ good bind-
ing characteristics to these genes are me-
aningful.

The 20 hub genes can be categorized into three
main classes. The first - class genes have so far
only undergone basic research and have not
yet been involved in clinical trials, namely
ITGB1, SERPINE1, CTSK, CDK2, CDK1, IDO1,
and TYK2. The second-class consists of genes
for which inhibitors have been developed and
entered clinical trials but are not yet on the
market; these are MMPs, TGFB1, PLAU, PD-
GFRB, PLAUR, FLT1, CA9, and CA2 [50]. The
inhibitors of the third - class of genes have
already been marketed. As a mature target, the
focus should be on new drug development [51].
MET is a relatively mature drug target, and sev-
eral MET inhibitors have passed clinical trials,
including Capmatinib, Tepotinib, and Savolitinib
[52].

Many genes are associated with cancer pro-
gression, but only a few can become drug tar-
gets. There are several reasons for this. Only a
few genes are upstream driver genes. Some
proteins lack clear binding pockets to accom-
modate drug molecules, while others may be
difficult to target due to their location or func-
tional characteristics. For example, transcrip-
tion factors, which play a fundamental role in
selective gene regulation within the cell nucle-
us, have a higher specificity in disease regula-
tion compared to upstream signaling proteins
such as kinases. However, due to the structural
heterogeneity of transcription factors and their
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lack of active sites, they have traditionally been
considered difficult to target with drugs.
Research indicates that transcription factors
exhibit highly dynamic protein - DNA and pro-
tein-protein interactions. The protein - DNA
interaction interfaces are typically convex and
positively charged, while the protein-protein
interaction interfaces are usually flatter and
lack binding pockets, making it challenging for
small molecules to target them directly as drug
targets [53]. Even if a specific gene is consid-
ered crucial for tumor growth, targeting it alone
may have limited effects if there are alternative
pathways within the same signaling cascade
that can bypass this obstacle and continue to
support the disease progression. Compared to
oncogenes, tumor suppressor genes are more
challenging to target with drugs. Additionally,
cancer cells can resist drug effects through
various mechanisms such as mutations and
upregulation of compensatory signaling path-
ways. These factors make drug development
an exceptionally challenging task [54].

Conclusion

This study combined network pharmacology
and molecular docking to elucidate the molecu-
lar and pharmacological mechanisms by which
naphthoquinone scaffold derivatives combat
HNSCC. Further modifications of compounds 6,
7, and 8 may lead to the development of small
- molecule chemotherapeutic drugs with clini-
cal value, warranting further in-depth research.
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