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Abstract

Oral squamous cell carcinoma (OSCQ) is a tumor type with a high mortality rate. Chlorogenic acid, abundant in resources and wi@
utilized in cancer treatments, has seen limited studies regarding its efficacy against OSCC. This paper investigates chlorogenic acid’s
mechanism in treating OSCC, aiming to guide the development of novel drugs. The study employed network pharmacology, molecular
docking, and survival analysis methods. Network pharmacological analysis revealed chlorogenic acid targets 23 OSCC-related proteins,
including ESR1, MMP2, MMP9, SRC, MAPKS, MAPK1, CDC42, ERBB2, ATM, and BRAF. Molecular docking simulations indicated
that the primary target exhibits significant binding capacity with chlorogenic acid, with MMP9 associated with tumor migration and
angiogenesis standing out. Survival analysis demonstrated that the downregulation of most primary targets correlates with improved
survival rates in OSCC patients. Enrichment analysis of therapeutic targets highlighted the pivotal role of MAPK-ERK and MAPK-JNK
signaling pathways in chlorogenic acid’s efficacy against OSCC. This paper predicts chlorogenic acid’s potential targets and proposes
its molecular mechanism in treating OSCC, offering a theoretical foundation for its application in OSCC treatment. We used traditional
Chinese medicine, a disease pharmacology-related information base, and an analysis platform to predict targets. The Cytoscape
3.9.1 and STING databases were used to address common targets for drugs and diseases, establish networks of protein interaction
relationships, and screen core targets. Meastro11.5 was used for molecular docking simulation. R4.2.2 was used for survival analysis
and joint target enrichment analysis. Network pharmacological analysis identified chlorogenic acid acting on 23 OSCC targets. Molecular
docking simulations revealed a strong binding affinity of chlorogenic acid compounds with these targets, particularly MMP9, essential
for tumor migration and angiogenesis. Survival analysis indicated that the downregulation of most core targets was correlated with
improved OSCC patient survival. Enrichment analysis of therapeutic targets highlighted the critical roles of the MAPK-ERK and MAPK-
JNK signaling pathways in the effectiveness of chlorogenic acid against OSCC. This study predicted the potential targets of chlorogenic
acid in OSCC treatment and hypothesized its molecular mechanism, offering a theoretical foundation for its use in OSCC therapy.

Abbreviations: ACOX1 = acyl-CoA oxidase 1, AKT = protein kinase B, ARL4C = ADP ribosylation factor like GTPase 4C, ATM =
ataxia-telangiectasia mutated, BP = biological process, BRAF = B-Raf proto-oncogene, serine/threonine kinase, CC = cell component,
CDC42 = cell division cycle 42, ERBB2 = human epidermal growth factor receptor 2, ESR1 = estrogen receptor 1, FAK = focal adhesion
kinase pathways, GO = Gene Ontology, HO-1 = heme oxygenase 1, KEGG = Kyoto Encyclopedia of Genes and Genomes, MAPK1 =
mitogen-activated protein kinase 1, MAPK8 = mitogen-activated protein kinase 8, MAPK-ERK = pathways mitogen-activated protein
kinases-regulated kinase pathways, MAPK-JNK = pathways mitogen-activated protein kinases -cJun NH (2)-terminal kinase pathways,
MF = molecular function, MMP2 = matrix metallopeptidase 2, MMP9 = matrix metallopeptidase 9, OMIM = Online Mendelian Inheritance
in Man CC cell component ESR1 estrogen receptor, OSCC = oral squamous cell carcinoma, PAIP1 = poly(A) binding protein interacting
protein 1, PPl = protein—protein interaction networks, SRC = SRC proto-oncogene, TCGA = The Cancer Genome Atlas.

Keywords: chlorogenic acid, MAPK-ERK signaling pathway, MAPK-JNK signaling pathway, network pharmacology, oral squa-
mous cell carcinoma
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1. Introduction

Oral squamous cell carcinoma (OSCC) constitutes 90% of head
and neck squamous cell carcinoma cases, exhibiting the highest
incidence and mortality rates in Asia compared to other regions.
The prevalence of OSCC is strongly linked to lifestyle habits,
including betel nut chewing, excessive alcohol consumption,
and smoking, which are prevalent in South Asia.ll It primar-
ily affects the tonsils and tongue of middle-aged men.? The
standard OSCC treatment involves primary tumor resection,
optionally accompanied by lymph node dissection, alongside
chemotherapy and radiotherapy.**! However, the effectiveness
of surgical treatments is compromised by resistance to chemo-
therapy agents such as cisplatin (CDDP) and S5-fluorouracil,
leading to unsatisfactory outcomes and a high recurrence rate.!
This situation exacerbates the survival prospects for advanced
patients with tumor metastasis, reducing their survival rate to
only 34%.[°! Additionally, the absence of clinical diagnostic evi-
dence in early-stage patients delays treatment, resulting in low
survival rates, significant disability, and deteriorated quality of
life among survivors. Thus, identifying new drugs and therapeu-
tic strategies is crucial.

Chlorogenic acid, a phenolic acid compound series, is
found in various plants, notably in coffee and tea.” It is
also a key active component in numerous Chinese medicinal
herbs, like honeysuckle and Eucommia, where it is utilized
for its heat-clearing and detoxifying properties. Chlorogenic
acid exhibits a broad spectrum of pharmacological proper-
ties, including anti-cancer, anti-diabetes, anti-obesity, anti-
oxidant, anti-inflammatory, anti-hypertensive, antibacterial,
and immune-modulating effects, making it widely applica-
ble in food and healthcare.’®! Despite its benefits, the com-
plex extraction and purification processes, poor drug stability,
debates over bioavailability versus gut microbiota interactions,
and potential allergic reactions to injections necessitate fur-
ther clinical research and development for medicinal applica-
tions.!"!! Its anticancer potential may stem from inhibiting
cell proliferation, reducing cell viability, preventing cell inva-
sion, enhancing cytotoxicity, and disrupting clonogenic
capacity.l?! Jiang et all®¥ showed that the inhibitory effect
of chlorogenic acid on human oral squamous cell carcinoma
cells might be due to its oxidation-mediated cytotoxic effects.
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It also suppresses OSCC (KB) cell proliferation by downregu-
lating p53 and p21.14 Current research on chlorogenic acid’s
efficacy in treating OSCC is scant, highlighting the need for
further investigation.

This paper employs a network pharmacology approach
in response to this context, utilizing bioinformatics tools and
systems biology principles 9 to predict chlorogenic acid’s ther-
apeutic direction for OSCC treatment.!'s! It aims to holistically
investigate the compound’s molecular treatment mechanisms,
facilitating the rapid development of novel therapeutic options
for OSCC patients through in silico experiments.

2. Materials and materials

2.1. Target gene prediction of oral squamous cell
carcinoma (OSCC)

Target genes for OSCC were retrieved from the GeneCards
and OMIM platforms. GeneCards, a comprehensive genetic
database, amalgamates information from approximately 150
gene-centric databases. “Oral squamous cell carcinoma” served
as the search keyword. The GeneCards dataset was filtered using
a score > 50, with higher scores indicating greater relevance to
the search term. The genes identified from GeneCards and those
obtained from OMIM were designated as the final disease target
genes (see Table S1, Supplemental Digital Content, http://links.
lww.com/MD/N777, which explains the details of the website
information).

2.2. Prediction of chlorogenic acid target gene

Initially, target genes of chlorogenic acid were sourced directly
from the Therapeutic Target Database, ChREMBL Database,
HERB Database, and PharmMapper Database, employing an
activity threshold > 6.5 and zscore > 0.6 for target gene screen-
ing. Subsequently, the PubChem database facilitated the acqui-
sition of the 2D structure of small drug molecules, with target
genes identified via SwissTargetPrediction. Genes selected from
various database sources were consolidated as target genes for
chlorogenic acid, with all databases specifying “Homo sapiens”
as the species criterion.
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Figure 1. Maps of potential targets for drugs and diseases.
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2.3. Construction and analysis of composition-target-
disease network map

www.md-journal.com

directly examined against drug and disease target datasets
through Cytoscape visualization.

Critical genes for chlorogenic acid treatment of OSCC
were identified by selecting common genes between drug
and disease target genes. A Venn diagram, created through
the Weisheng platform, visualized the expected targets,
which were then utilized for further data analysis. The
component-target-disease network’s relationships were

2.4. Construction of protein-protein interaction network
(PPI)

The protein—protein interaction (PPI) network was derived
from the STRING database, a resource built upon public
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Figure 2. Core target screening and network construction. (A) Venn diagram of 200 targets of chlorogenic acid intersecting 430 targets of OSCC. (B) PPI net-
work visualization. (C) Chlorogenic acid therapy OSCC prediction target network. The diagram has 23 nodes and 284 edges. Betweenness is used to screen
for core targets. The lighter the color, the smaller the node indicates that the gene has less betweenness and less interaction with other targets; conversely,
the darker the color, the larger the node, the more central the gene’s role. (D) Core target network, the core target with the top 10 betweenness values in the
network. OSCC = oral squamous cell carcinoma, PPI = protein—protein interaction networks.

Core target properties.

Gene Name Degree Betweenness centrality Closeness centrality
ESR1 Estrogen receptor 1 42 67.76274 0.956522
MMP2 Matrix metallopeptidase 2 36 53.430447 0.846154
ERBB2 Human epidermal growth factor receptor 2 36 19.930996 0.846154
MMP9 Matrix metallopeptidase 9 38 16.996077 0.88
SRC SRC proto-oncogene 36 13.362742 0.846154
MAPK8 Mitogen-activated protein kinase 8 30 9.794994 0.758621
BRAF B-Raf proto-oncogene, serine/threonine kinase 28 8.8990345 0.733333
ATM Ataxia-telangiectasia mutated 28 7.7367964 0.709677
CDhC42 Cell division cycle 42 30 6.6502886 0.758621
MAPK1 Mitogen-activated protein kinase 1 28 5.542757 0.733333

ATM = ataxia-telangiectasia mutated, BRAF = B-Raf proto-oncogene, CDC42 = cell division cycle 42, ESR1 = estrogen receptor 1, ERBB2 = human epidermal growth factor receptor 2, MAPK1 = mitogen-
activated protein kinase 1, MAPK8 = mitogen-activated protein kinase 8, MMP2 = matrix metallopeptidase 2, MMP9 = matrix metallopeptidase 9, SRC = SRC proto-oncogene.
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Figure 3. Gene expression was differentiated by color, with red representing the high-expression group and blue representing the low-expression group.

P < .05 is considered as a significant difference.

databases and literature information, providing visualizations
of protein interaction networks, protein families, and subcel-
lular localization. Common targets were input as a Multiple

Molecular docking affinity score.

proteins list, with “Homo sapiens” specified as the species and  Gene PDB ID Docking score
a medium-level confidence score (>0.400) selected to acquire
protein interaction network data for the analysis of core target ~ MMP9 Besm -10.54
data. ESR1 6PSJ —7.951
ERBB2 3pp0 —7.587
ATM 7ni4 —7.426
BRAF 4mnf -7.123
2.5. Screening and enrichment of core targets MAPKT 6954 -6.97
a _ _ MAPKS 2w -6.929
Protein interaction networks were analyzed with the CytoNCA  ¢pca2 2ngr _6.88
plugin in Cytoscape, arranging the core targets by descending  SRC 1is0 —5.591
betweenness values to identify the top 10 genes. The R pack- ~ MMP2 7XGJ -4.438

ages clusterProfiler, enrichplot, ggplot2, ggnewscale, DOSE, and
stringr (R x 64 4.2.2) facilitated the enrichment of Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
analysis for core target genes. GO analysis was segmented into

ATM = ataxia-telangiectasia mutated, BRAF = B-Raf proto-oncogene, CDC42 = cell division cycle
42, ESR1 = estrogen receptor 1, ERBB2 = human epidermal growth factor receptor 2, MAPK1 =
mitogen-activated protein kinase 1, MAPK8 = mitogen-activated protein kinase 8, MMP2 = matrix
metallopeptidase 2, MMP9 = matrix metallopeptidase 9, SRC = SRC proto-oncogene.
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Figure 4. Molecular docking overall diagram-local diagram-detail diagram. The location of the binding pocket was determined according to the position of the
small molecule in the complex structure of the target protein and the small molecule crystal. The docking algorithm was Maestro’s default algorithm, and the
number of cycles of the coordination capacity optimization for the docking was 100. ESR1 = estrogen receptor 1, ERBB2 = human epidermal growth factor
receptor 2, MAPK1 = mitogen-activated protein kinase 1, MAPK8 = mitogen-activated protein kinase 8, MMP2 = matrix metallopeptidase 2, MMP9 = matrix
metallopeptidase 9, SRC = SRC proto-oncogene.
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Table 4
(Continued)

Count

Gene ID

qvalue
0.000235
0.000235
0.000684
0.000962

Pvalue P adjust

Bg ratio

Description Gene ratio

ID
G0:0004879  Nuclear receptor activity

Ontology
MF

ESR1/PPARG/ESR2

3.6E-05  .000541

52/18,432
52/18,432
13/18,432
16/18,432
18/18,432
20/18,432
109/18,432

45,374
45,374
45,345
45,345
45,345
45,345
45,374
45,345
45,374
45,345
45,345
45,374

ESR1/PPARG/ESR2
CDK4/MAPK1

.000541

3.6E-05

Ligand-activated transcription factor activity

(G0:0098531
(0:0008353
G0:0004707
G0:0004708
G0:0035173
G0:0001221

MF

.001571
002211

.000115

RNA polymerase Il CTD heptapeptide repeat kinase activity

MAP kinase activity

MF

MAPK1/MAPK8
MAPK1/BRAF
ATM/CDK2

.000177

MF

0.00113
0.001301
0.001359
0.001359
0.001359
0.001466
0.001758
0.001758

.002598

.002991

.000225

MAP kinase kinase activity
Histone kinase activity

MF

.000279
.000327

MF

ESR1/PPARG/STATT

IGF1R/SRC

.003123

Transcription coregulator binding

Insulin receptor binding

MF

.003123

.000339
.000354
.000404
.000513

22/18,432
112/18,432

G0:0005158
G0:0004222
(0:0003707

MF

MMP2/MMP1/MMP9

ESR1/ESR2
RAF1/BRAF

.003123

Metalloendopeptidase activity

MF

.003369
.004039

24/18,432
27/18,432
132/18,432

Nuclear steroid receptor activity

G0:0004709  MAP kinase kinase kinase activity

G0:0019838  Growth factor binding

MF

MF

ERBB2/IGF1R/FGFR1

.004039

.000573

MF

molecular function.

mitogen-activated protein kinase, MF

Gene Ontology, MAPK

biological process, CC = cell component, GO

BP =

Medicine

treatment of OSCC (Fig. 2A). These overlapping genes were
input into the STRING database to construct the PPI network
(Fig. 2B). The PPI data were analyzed in Cytoscape to iden-
tify 10 core targets for chlorogenic acid treatment of OSCC
based on the network’s topological characteristics (Table 1,
Fig. 2C,D).

3.3. Survival curve analysis

Core target data from TCGA were analyzed using R language
for survival analysis and curve generation. The resulting figure
(Fig. 3A) indicates that, except ATM and BRAF, other genes
significantly influence patient survival times, including ESR1,
MMP2, MMP9, SRC, MAPKS, MAPK1, CDC42, and ERBB2.
The analysis demonstrates that the downregulation of these
core target genes is advantageous for patient survival.

3.4. Molecular docking

To assess the potential of chlorogenic acid in treating OSCC,
we integrated the 10 core target proteins identified previously
with small drug molecules into Maestro, simulating the bind-
ing capabilities between the drugs and targets through chem-
ical analysis. The docking score’s absolute value reflects the
likelihood of interaction, with values below -5 indicating
binding solid potential. The docking scores for chlorogenic
acid and the target proteins were below -5 (Table 2, Fig. 4),
with MMP9 demonstrating the highest docking score. The root
mean square deviation indicates the reliability of the docking
results. Except for MAPKI1, all the docking results are <3,
and the root mean square deviation values of MMP2, ATM
and BRAF are <2, indicating strong reliability of the docking
results (Table 3).

3.5. GO analysis and KEGG analysis (Gene Ontology
analysis and Kyoto Encyclopedia of Genes and Genomes
pathway enrichment analysis)

The molecular mechanisms underlying chlorogenic acid’s thera-
peutic effects on OSCC were explored through the computational
analysis of cross-gene data using the R package “clusterProfiler.”
The KEGG analysis revealed 128 pathways, with the foremost
20 and 15 presented in Table 4 and Figure SA, respectively.
Pathways pertinent to cell growth, migration, adhesion, cell
cycle, and endocrine resistance were significantly implicated in
OSCC. The ErbB pathway, Proteoglycans in the cancer pathway,
and Endocrine resistance pathway mechanisms are depicted in
Figure 5B-D. These diagrams highlight the critical roles of the
ERK and JNK branches of the MAPK signaling pathway, closely
tied to cell growth, migration, and adhesion. GO analysis, cat-
egorized into BP, CC, and MF sections, identified 965 BP items,
41 CC items, and 88 MF items, with the top 20 of each dis-
played in Table 5 and Figure SE. BP is predominantly related to
immune processes.

4. Discussion

OSCC is among the most prevalent malignancies in the head
and neck region and is characterized by high invasiveness and
heterogeneity."® Despite continuous advancements in treatment
methods, the complexity of its pathogenesis and ambiguous
diagnostic criteria limits the efficacy of therapeutic drugs.!'”!
Chlorogenic acid, which is extensively used in cancer therapy,
has seen limited research in the context of OSCC.!'®!

In this study, we identified 200 potential targets of chloro-
genic acid and 430 gene targets related to OSCC for further
analysis. Through Venn diagram analysis of these datasets,
we pinpointed crucial drug treatment targets and conducted
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Figure 5. (A) KEGG enrichment analysis of targets for chlorogenic acid treatment of diseases, with the top 15 important items shown. (B) ErbB
pathway visualization with red indicating key targets for chlorogenic acid treatment of OSCC. (C) Visualization of Proteoglycans in cancer pathway,
with red indicating key targets for chlorogenic acid treatment of OSCC. (D) Visualization of the Endocrine resistance pathway, with red indicating key
targets for chlorogenic acid treatment of OSCC. (E) The key first 15 entries in the BP, CC, and MF sections of GO. BP = biological process, CC =
cell component, GO = Gene Ontology, KEGG = Kyoto Encyclopedia of Genes and Genomes, MF = molecular function, OSCC = oral squamous cell

carcinoma.
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Figure 5. Continued

KEGG and GO analyses to determine vital molecular mecha-
nisms. Network analysis of essential genes facilitated the calcu-
lation of core targets, which were then validated via molecular
docking and Kaplan—-Meier (KM) curve analysis (Fig. 6). The
core targets identified include ESR1, MMP2, MMP9, SRC,
MAPKS (JNK1), MAPK1, CDC42, ERBB2, ATM, and BRAE,

10

totaling ten data points. The experimental process is shown in
Figure 6.

KEGG analysis indicated that treatment with chlorogenic
acid may affect cell growth, adhesion, migration, and the cell
cycle, with most targets involved in the ERK and JNK path-
ways within MAPK. Abnormal activation of proteins in the
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MAPK pathway is a critical factor in many cancers, and tar-
geting this pathway may be a viable tumor treatment strat-
egy.'”? ERK primarily influences cell growth, migration,
and the cell cycle and receives upstream signals from Ras/
Raf proteins.??2l The JNK pathway is also associated with
inflammation, apoptosis, and cell growth. Core targets such
as ERBB2, SRC, MAPK1 (ERK2), BRAF, and CDC42 in the
ErbB and proteoglycan pathways in cancer are implicated in
cell growth, migration, and adhesion via the ERK pathway.
The ERK pathway has gained significant attention in OSCC

11

research. The overexpression of growth differentiation factor
15 enhances ErbB2 phosphorylation, triggering downstream
AKT and ERK signaling pathways promoting OSCC cell
proliferation.?®! The combined action of p63 and the MEK/
ERK-MAPK pathway synergistically induces ARL4C expres-
sion, thereby promoting the growth and proliferation of OSCC
tumor cells.? Semilicoisoflavone B downregulates MAPK
and Ras/Raf/MEK signaling and concurrently induces reac-
tive oxygen species production to trigger OSCC cell apopto-
sis.l Machilin D impedes the FAK/Src and MAPK pathways,



icine

Med

Feng et al. e Medicine (2024) 103:45

(panuyuo)
L IV1S/0HS/94Vdd/ 1 HST 20000 9¥000°  G0—3Sk'c  2EV'BL/GEL GOY'Gy Buipuiq Jo1daoes feejonN 2269 +00:09 4N
LIVLS/8MdVIN/LSO4/eMLd/2add3 90-36 G0-3/0Cc /0-3996 <ccv'8l/6YL GEY'Gy Bulpuiq esereydsoyd ufglold  £066100:09 4N
SUdYIN/eHAD/AvHE/ INYIN/NLY/PMAD/ L 4vd 90—316'9 G0—36G°+ £0-39€'9  ZEV'8L/OEY 96v'Gy Rinnoe aseuly suluOBIY/BULBS UIBl0ld  £/97000:09 4N
SUdVIN/ZHAD/AVHE/ INAYIN/NLY/PMAD/ L 4vY 90—3+9°¢ 90-380'9 /0—3€0'C  2E¥'81/€9¢E 96v'Glr RyAnoe eseupy sunes uilold  01€9010:09 4N
LIVLS/8MdVIN/LSO4/ IMdVIN/ZA Ld/2add3 90-3r8'L 90-3€2¥ L0-3EL L 2EY'8L/S6lL 997'Gy Buipuiq esereydsoyd 2066 +00:09 4N
1S04/¢4aa/ 14494/d L 491/¢9d4d3 /0—3/2'8 90-310Cc 80—3€0v  ¢e¥'8l/6L GeY'Gl fnnoe aseupy uisloid Joldaoes sueiquiswsuell 66 16100:09 4N
1S0H/24aa/ 1 4494/d 1 491/29943 /0-3vee 20-3Iv’ . 60-326'6  2EY'8L/09 GEY'Gl Rianoe eseupy suisoufy uislold Joydadel sueIquBWISURL  1./¥000:09 4N
04S/1S04/2HaA/ 14494/2MLd/d L 491/29943 80—3¥9'L 80-392°¢  0L-31GC 2Er'8L/8ElL 96v'Gl Rinnoe aseupy suisolfy uislold  €1/%000:09 E
€ ¢¥100/¢4ad/cadgyd3 108/%0°0 E9LL0’ 2EECL0”  698'61/SEY v/€'ah (189 Jo 1ied [eaidy 7/ 1G¥00:09 20
L 4S9 108.+¥0°0 E€91LL0° €99210°  698'6L/kL v1€'Gy x8|dwod uonepjuteld uonduosuell  0SS/600:09 20
L ¢v0ad 108.¥0°0 ¥€91.0° €99210°  698'6L/LL v1€'Gy xe|dwod Lodsuen 16109 6112100:09 20
€ ¢¥300/ INdYIN/NLY 1082¥0°0 ¥€91.0° ¥09210°  698'61/9¢Y v.€'Gy ajpuids  6185000:09 20
L J4S 108/¥0°0 YE9LL0° 8IGLI0"  698'6L/0L v1€'Gl Jusuoduwiod Jejnjjsaeaul ‘uofiezijelosds olldeuisisod  1606600:09 20
| aoMao 108.¥0°0 v€91LL0° 8IGLIO"  698°6L/01 v1€'Gl auiosowoIyd X G080000:09 20
14 BdININ/ IMdYIN 108/¥0°0 7E91LL0° ¢/6800°  698'6L/vCl Ghe'Gh uswn| 8nuelB you-|-ulodly  €18%061:09 20
14 eMad/pNad 1082%0°0 E€91L0° 969800°  698'61/¢2L Ghe'Gl xo|dwiod aseury ujejoud suIuoBIYY/AULBS  $GGZ061:09 20
¢ ¢¥200/04S 7182700 191790 ¥/8900°  698'61/801 Ghe'Gl wnipodojly  G/10€00:09 20
€ JHS/ IMAVIN/A L4991 GE91LY0'0 G6€¢90° 8¢1900°  69861//¢¢ v/€'Gh urewopoJolw suelquly - 2688600:09 20
€ OUS/ IMAVIN/A 1491 GE9LY0'0 G6€290° 9/0900°  698'61/92€ v.€'Sy JersueiquaN  L¢1G00:09 20
¢ JHS/2N1d GEILYO'0 66290’ 808S00°  698'61/66 Gre'Gy auelquiawl ewseld Jo apis ojwise|doifd Jo usuodwiod asuXg  ¥EZ1E00:09 20
€ SMa0/H1491/PMa0 GE9LY0'0 G6€¢90° ¥09¥00"  698'61/56¢ v.€'Sy sdnoub Buiureiuoa-snioydsoyd Butiiajsues) ‘xejdwod aseisjstell  G691900:09 20
14 2Mad/PMad 1029100 88¢7¢0’ 81G100"  698'61/0G GrE'Gy xe|dwod swifzusojoy aseupy uisloid Juspusdep-uljok)  20€0000:09 20
€ eXao/d1491/PMa0 65¢900°0 86600 205000°  698'61/9SL v.€'Sy x8|dwod aseul uielold 116206109 20
€ OHS/IMVIN/ 491 79000 #5900’ 262000°  698'6L/ELL v.€'Gy el sueiquisw ewseld  €68¥¥00:09 20
¢ IMYIN/ L 47H €29€00°0 €500’ 761000  698'61/8L Gre'Gy wnipodopnasd  e¥ | 1L£00:09 20
g ¢¥109/24S/¢daa/ INdvIN/exld 88¢00°0 GLEYOD 9L1000"  698'6l/2EY GeY'Gy uopoun( syesans-j8) - GG00€00:09 20
€ JHS/INAVIN/F 491 88¢00°0 GLEYOD €L1000"  698'61/28 v/€'Gy Blosre)  1065000:09 20
g ¢¥000/04S/24aa/ IMdvIN/eHLd 882000 SLEY00’ ¥01000"  698'6}/ccy GeY'Gr uoisaype 8204 G265000:09 20
14 ¢dS3/14S3/H 1491/2dININ 90—39/°G G0—392°+ £0—-38%'L  €06'81/0F GOv'Gl SN|NWNS [olpesise 0} asuodsal 1|8y g6€1200:09 dd
/ BdININ/OHS/8MdVIN/2HAA/ IXAYIN/NLY/ZdININ 90—396'1 G0—360' L Z0—3LC’ L €06'8L/SKE 967'Glr $891]S [BOIWBYO 0] 8SU0dSEI JBINIB) /61290009 dd
/ 04S/8MdVIN/ZHAD/AvHE/ IMdVIN/NLY/ L 474 90-3€0't 90-3¥8'8 80-32¢'6  €06'81/2EE 96v'Gl uopeayipow suuss-|fpnded  6028100:09 dd
g 6dININ/DdS/¢H0aa/94Ydd/cdNIN 90—3€0'Y 90-3¥8'8 80-3€0'6  £06'81/56 Gev'Gh uofeJyijold |89 8[9SNL LHOOWS Palelaosse Jeinasep /8066 09 dd
S 6dININ/OHS/2cHAA/9HYdd/dNIN 90—3%6°¢ 90-399'8 80-3LL'8  €06'81/€6 GEY'Gy uopelajjold {99 8[OSNL LHOOWS PeYeloosse Jejnasen Jo Uoenbay  G0/y061:09 dd
8 ¢¥009/2dS/4v4g/2Haa/ 1 H494/4 1491/ L 4v4/2ad4d3 90—3¢8°¢ 90-38¢'8  80—39¢’/  €06'8}/96% 125Gy 8pBISEI YdVIAl J0 Uoeinbal 8Anisod  01¥EY00:09 dd
8 ¢¥J00/04S/1S04d/2HA0/ Ld494/eMLd/d 1 491/29g43 90—-328°¢ 90—38¢'8  80—39¢’.  €06'81/96V 12G'Gy fnnoe eseupy Jo uonenbal 8ANSOd  #/9€£00:09 dd
8 ¢¥300/6dININ/OHS/4vda/2d4aa/ L H494/2M Ld/9dvdd 90—3¢8°¢ 90-38¢'8  80—326'9 €06'8l/6Y 12G'Gy uonelBiw |2 8dfi-feplogally  £991000:09 dd
/ OHS/BMdVIN/ZNAD/AVHE/ INDVIN/N LY/ L4vd 90—3¢8°¢ 90—38¢'8  80—3€2'9 €06'8l/CIE 96v'Gy uonefioydsoyd supes-jApndad  G08100:09 dd
8 LIV1S/27309/ IMdVIN/ L H494/9HYdd/ L HST/PMA0/2aad3 90—-328°¢ 90—38¢'8  80—318'G  €06'8}/18F 12G'Gy uonesajjold (199 [eljayid3 - €/90500:09 dd
VA | 1V1S/04S/2400/eM Ld/9dvdd/d 1491/7MaD 90-3¢8°¢ 90-38¢'8  80—-3IYE'S  €06'81/90¢ 967Gy snnwis suowiloy sppded 0} esuodsal Jenfigd  G/€1200:09 dd
9 6dININ/DLS/8MdVYIN/cHAA/ INdYIN/ZdININ 90—322°L 90-3/8'c  80—3r0'C  €06'81/0SL 99%'Gy sejoeds uabixo anfjoeal 0} asuodsal B8 ¥197£00:09 dd
VA L IV1S/6dININ/DES/2H0a/94Vdd/d LH491/2dININ 90—361°L 90-3¢9¢ 80—3€’L €06'81/L7C 967Gy uopesajljold (192 8j9SN\ 200EE00:09 dd
9 BdININ/OHS/AVHE/ IMdVIN/CHLd/2aaHd /0-396'/ 90-3G2°  60—39L°Z €06'81/9¢C) 997'Gy Aemured Buifeubls gg43 /2 18£00:09 dd
YA o4S/¢daa/INLY/ Ld494/eM1d/d1491/¢d943 /0—396'/ 90—3S/'F 60—3€9'9 €£06'8}/92¢ 961Gl uonelfioydsoydone uislold  ///9%00:09 dd
/ | IVLS/6dININ/DHS/8NdVYIN/2HAA/ INdVIN/ZJININ /0-3/0°G 90—3LL L 60-392°C €06'81/70C 96v'Gir s010ads UabAxo anoeal 0} 8sUodsey  20£0000:09 dd
9 L IVLS/6dININ/OHS/2Haa/d L491/¢dNIN /0—3r0°¢ £0-3/99 60-395°+  €06'81/86 99v'Gy uofiesalijold (32 oSN LIOOWS Jo Uoile|nBal anNsod  1998700:09 dd
A L IV1S/6dININ/DHS/24aa/9dvdd/d LH491/2dININ /0—-3v0°¢ /0-3/99 6031+ €06'81L/6L) 96Y'Gl uopeJayljoid (89 8josNW Yloows  6S98700:09 dd
/ | IV1S/6dININ/DHS/2Haa/9dvdd/d L491/2dININ /0-3v0°€ 10-3/99 60-3¢L L €06'81/GLL 96v'Gl uopelajljold |82 8josnL Lpoowss Jo uoieinBay  0998+00:09 dd
8 L IVLS/0HS/8)MdVIN/2Haa/exL1d/d HHO1/ 14vd/SdNIN 803869 20-3€S° L 11—396'8  €06'8H/LIC 126’ sninwips [eojueYdBU 0} 8SU0dSaY 2 196000:09 dd
uno9 @l suay anjen b 1snipe 4 anjend one bg onjel auay uonduosaqg al ABojoug

09 40 Led yea Jo syyed og ISy ay1

12



Feng et al. ¢ Medicine (2024) 103:45 www.md-journal.com

reducing the adhesion, migration, and invasion of OSCC cells,
leading to apoptotic cell death.?¢! 7-Epitaxol reduces ERK1/2
phosphorylation and elevates the expression of OSCC cell
apoptosis and autophagy marker proteins (cleaved-poly ADP-
ribose polymerase and microtubule-associated protein 1 light
chain 3-I/II).12”" The expression of BRAF-activated long non-
coding RNA is positively correlated with MAPK signaling
pathway-associated proteins (p-erk, p-akt, and p-38).12% Its
suppression notably hinders OSCC cell proliferation, migra-
tion, and invasion, whereas overexpression has the opposite
effect. The galectin-1 inhibitor OTX008 decreased OSCC cell
viability in a dose-dependent manner through the MAPK/
ERK pathway.?’! Isorhamnetin induces OSCC cell death via
the ERK/MAPK pathway by curtailing cell viability, inhibiting
cyclin CDC2, and disrupting cell migration.*” The JNK path-
way is equally pivotal in OSCC, and JNK phosphorylation lev-
els are closely linked to higher differentiation phenotypes.’*!!
JNK1, a subtype of the JNK family, is particularly notewor-
thy.’2 Coronarin D affects the JNK1/2 signaling pathway,
promoting apoptosis and cell cycle arrest in 5-fluorouracil-
resistant OSCC cell lines.?3 Hispolon exerts anti-OSCC effects
by activating the [NK pathway through HO-1 upregulation,
thereby inducing caspase-dependent apoptosis.**! GO-Y078
activates the p38/[NK1/2 pathway, enhancing AP-1 DNA
binding activity, leading to upregulating HO-1 gene transcrip-
tion and inhibiting OSCC cell growth.?*! In summary, the ERK
and /NK branches of the MAPK pathway are crucial in OSCC.

Matrix metalloproteinases (MMPs) are crucial for degrad-
ing extracellular matrix proteins, a fundamental step in tumor
migration and invasion, and are closely linked to angio-
genesis.’) Our study identiied MMP2 and MMP9 as core
target proteins for chlorogenic acid treatment of OSCC. In
patients with OSCC, MMP2 and MMP9 activities were pos-
itively correlated with dipeptidyl peptidase IV mRNA levels,
potentially regulating tumor metastasis.*” In vitro studies
have demonstrated that MicroRNA-29a upregulates MMP2,
enhancing cancer invasion and anti-apoptosis capabilities.!*®!
Similarly, miR-31-5p elevates the ERK-MMP9 cascade and
targets ACOX1, positively affecting the cell motility linked
to OSCC metastasis.?’! Treating OSCC cell lines with the
MMP2 inhibitor ARP101 markedly reduced cell prolifera-
tion and mobility.*”! Cordycepin significantly lowered MMP2
and MMP9 activities and FAK and Akt phosphorylation in a
concentration-dependent manner, curbing migration and
invasion of HSC-4 cells and inducing autophagy.“!l In
mouse orthotopic tongue cancer models, halofuginone tar-
geted cancer associated fibroblast inhibition, reduced MMP2
expression and collagen deposition, and impeded OSCC
migration and invasion.*?l PAIP1 knockdown reduced MMP9
activity and SRC phosphorylation, hindering OSCC cell for-
mation and invasion.*’!

These findings suggest chlorogenic acid significantly
influences the MAPK-ERK and MAPK-JNK signaling path-
ways during OSCC treatment. Apart from ATM and BRAF,
the downregulation of core targets appears to be benefi-
cial for OSCC patient survival. However, it is essential to
note that network pharmacology primarily guides future
research, and further experiments are required to validate
these results.

Count

Gene ID

ESR1/PPARG/STATT

IGF1R/SRC
MMP2/MMP1/MMP9
ESR1/ESR2

RAF1/BRAF
ERBB2/IGF1R/FGFR1

ESR1/PPARG/ESR2
ESR1/PPARG/ESR2
CDK4/MAPK1
MAPK1/MAPK8
MAPK1/BRAF
ATM/CDK2

qvalue
0.000235
0.000235
0.000684
0.000962
0.00113
0.001301
0.001359
0.001359
0.001359
0.001466
0.001758
0.001758

P adjust
000541
.000541
001571
002211
.002598
.002991
.003123
.003123
.003123
.003369
.004039
.004039

Pvalue
3.6E-05
3.6E-05
000115
.000177
.000225
.000279
.000327
.000339
.000354
.000404
000513
.000573

Bg ratio
52/18,432
52/18,432
13/18,432
16/18,432
18/18,432
20/18,432
109/18,432
22/18,432
112/18,432
24/18,432
27/18,432
132/18,432

molecular function.

45,374
45,374
45,345
45,345
45,345
45,345
45,374
45,345
45,374
45,345
45,345
45,374

Gene ratio

mitogen-activated protein kinase, MF

Description

Gene Ontology, MAPK

RNA polymerase Il CTD heptapeptide repeat kinase activity

MAP kinase activity

Ligand-activated transcription factor activity

Nuclear steroid receptor activity

G0:0004709  MAP kinase kinase kinase activity

Metalloendopeptidase activity
G0:0019838  Growth factor binding

MAP kinase kinase activity

Histone kinase activity
Transcription coregulator binding

Insulin receptor binding

5. Conclusion

In conclusion, chlorogenic acid’s therapeutic strategy for OSCC
might influence the MAPK-ERK and MAPK-JNK pathways
by targeting ESR1, MMP2, MMP9, SRC, MAPK8, MAPK1,
CDC42, ERBB2, ATM, and BRAF. This intervention could
inhibit cell migration, invasion, growth, and apoptosis. This
study introduces a novel perspective and strategy for research-
ing targeted therapy mechanisms.

ID
G0:0004879  Nuclear receptor activity

(G0:0098531
(0:0008353
G0:0004707
G0:0004708
G0:0035173
G0:0001221
G0:0005158
G0:0004222

G0:0003707
biological process, CC = cell component, GO

Table 5
(Continued)
Ontology
MF
MF
MF
MF
MF
MF
MF
MF
MF
MF
MF
MF
BP
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TTD Database, HERB database,
ChEMBL PharmMapper GJ:T:E:;SS OMIM database
Database database
Chlorogenic acid- Oscc-related
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]
(@]
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Figure 6. Flow chart of experimental research on drug treatment of disease. GO = Gene Ontology, KEGG = Kyoto Encyclopedia of Genes and Genomes,
OMIM = Online Mendelian Inheritance in Man CC cell component ESR1 estrogen receptor, OSCC = oral squamous cell carcinoma.
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