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ABSTRACT: Anaplastic thyroid cancer (ATC) is one of the most & a5, Target genes for Digitls oneCarts OV Dotank an o0
lethal malignant tumors for which there is no effective treatment. & roetredcten (;’,‘;?;’;,:’;’;;ﬂﬁfjﬂﬁ)
There are an increasing number of studies on herbal medicine for Y = _ < E3:::

treating malignant tumors, and the classic botanical medicine % T T ‘

Digitalis and its active ingredients for treating heart failure and ogtas

arrhythmias have been revealed to have significant antitumor
efficacy against a wide range of malignant tumors. However, the
main components of Digitalis and the molecular mechanisms of its
anti-ATC effects have not been extensively studied. Here, we
screened the main components and core targets of Digitalis and
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through network pharmacology, molecular docking, and exper-
imental validation. These experiments showed that the active

ingredients of Digitalis inhibit ATC cell activity and lead to ATC cell death through the apoptotic pathway.

1. INTRODUCTION

Thyroid cancer is the most common malignant tumor in the
endocrine system. Recently, its incidence has increased rapidly
and is predicted to become the fourth most common form of
malignant tumor worldwide." Thyroid cancer can be divided
into four main subtypes: papillary thyroid cancer (PTC),
follicular thyroid cancer (FTC), medullary thyroid cancer
(MTC), and anaplastic thyroid cancer (ATC). Although most
of thyroid cancers are PTC, which has low malignancy and a
good prognosis,” the incidence of ATC, a highly aggressive
tumor with a poor prognosis, is also increasing yearly.” The
median survival time for patients with ATC is only 3.16
months, accounting for 40% of all thyroid cancer deaths.
Treatments for ATC, such as radiation therapy, chemotherapy,
and radical surgery, have been employed,” but their efficacy is
limited. Despite recent advances in targeted therapies and
immunotherapy and FDA approval of the combination of the
BRAF inhibitor dabrafenib and MEK inhibitor trametinib to
treat ATC, only limited improvements in survival have been
reported.” Thus, ATC remains one of the most lethal
malignant tumors and no effective treatment is currently
available.

The use of Chinese herbs for treating ATC has recently
increased.”® Digitalis has been employed for centuries to treat
heart failure and arrhythmias and remains one of the most
effective medications. Recent findings have suggested that the
Digitalis extract has significant antitumor efficacy against

© 2024 The Authors. Published by
American Chemical Society

7 ACS Publications

various malignant tumors, including cholangiocarcinoma,
lung cancer, cervical cancer, pancreatic cancer, and multiple
myeloma.””"? However, the main components of Digitalis and
the molecular mechanisms by which it inhibits ATC are poorly
understood.

Unlike conventional drugs, botanical drugs contain multiple
active ingredients and can target multiple therapeutic path-
ways. For ATC treatment, it is crucial to identify key targets in
the mechanism of action of Digitalis. Network pharmacology-
grounded in systems biology and the network analysis of
biological systems-focuses on selecting specific signaling nodes
for drug design to target multiple targets.'* Researchers have
utilized network pharmacology to discover active compounds
in drugs and traditional Chinese medicine (TCM), analyze
drug combination laws and formula pairings, and elucidate the
overall mechanisms of action.'*'® This approach combines the
roles of target and effector molecules and can accurately
predict the therapeutic efficacy and mechanism of action of
drugs.'” Therefore, this study aimed to examine the core
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Figure 1. Flowchart.
targets, biological processes, and potential mechanisms of ogy. Our work will facilitate the screening of ATC drugs,
action of Digitalis in treating ATC using network pharmacol- elucidate the mechanism of action of Digitalis, and provide a
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valuable reference for other medicinal plants as potential
treatments for ATC. A flowchart of this study is displayed in
Figure 1.

2. MATERIALS AND METHODS

No unexpected or unusually high safety hazards were
encountered.

2.1. Investigation of the Active Components and
Targets of Digitalis. The Traditional Chinese Medicine
Systems Pharmacology (TCMSP)'® is an online platform for
web-based herbal pharmacology that encompasses the relation-
ships between drugs, diseases, and targets.lg Utilizing the
TCMSP database, we searched for herbal ingredients and
screened for active components of Digitalis, defined by the
criteria of an active molecule (DL) > 0.18, indicating better
pharmacological activity and oral bioavailability (OB) >
30%.”%*" We also consulted TCMSP for the protein targets
of these screened active ingredients and supplemented their
chemical composition and targets from the literature in CNKI
and PubMed. In the UniProt database® (http://www.uniprot.
org), the protein targets were normalized using the species “
Homo sapiens”. Subsequently, a network of relationships
between active ingredients and targets was built using
Cytoscape 3.7.2.7°

2.2. Target Collection Related to ATC. Potential
therapeutic targets of ATC were identified using GeneCards””
(http://www.genecards.org/), OMIM™ (https://omim.org/),
and DrugBank26 (https:// go.drugbank.com/ ) databases. Mi-
croarrays related to ATC were retrieved from the Gene
Expression Omnibus (GEO) database using “anaplastic
thyroid cancer” as the keyword and “H. sapiens” as the species.
Differentially expressed genes (DEGs) between ATC patients
and the normal population were identified using the R software
Limma packa%e, with the selection criteria set at llogFCl > 1
and P < 0.05.”” Data were visualized through volcano plots and
heatmaps using the R packages ggplot2 and pheatmap.”® Using
the UniProt database, disease targets and potential drug target
symbols were normalized. Venny 2.1 was used to identify genes
associated with ATC,”” and these overlaps were then cross-
referenced with the targets of Digitalis’ active ingredients as
potential targets for ATC intervention.

2.3. Network Construction for Protein—Protein
Interaction. Based on the String database® (https://cn.
string-db.org), a PPI network was created using the gene for
the interaction between Digitalis and ATC as the core gene,
with “H. sapiens” as the species and a confidence level of >0.9.
The PPI network was visualized and analyzed using the
Cytoscape software.’’ The Cytohubba plugin in Cytoscape was
employed to analyze the topological characteristics of the
targets in the network, demonstrated using the MCC algorithm
based on key topological parameters, such as degree and
betweenness centrality, and listing the top 20 nodes based on
the degree value. The key modules in the PPI network were
then further analyzed using the MCODE plugin in terms of
degree centrality, betweenness centrality, and closeness
centrality exceeding the median to filter out the hub genes.

2.4. Pathway Enrichment Analyses Based on GO and
KEGG Data. DAVID 6.8 was used to perform GO and KEGG
analyses,”” examining molecular function (MF), biological
process (BP), cellular component (CC), and key signaling
pathways to reveal the underlying mechanisms.

2.5. Docking of Molecules. Compound structures were
downloaded from the PubChem platform (https://pubchem.

ncbinlm.nih.gov/) and converted into Mol2 format files using
Chem3D software. The protein structures were downloaded
from the RCSB Web site (https://www.rcsb.org/). The
AutoDock Vina software was employed to add hydrogen and
remove water molecules and ligands.”* The final visualization
was created using AutoDock Vina and Discovery Studio 2020
based on molecular and conformational docking,® respec-
tively.

2.6. Culture of Cells and Cell Lines. The ATC cell line
8505C was obtained from the German Collection of
Microorganisms and Cell Cultures (DSMZ), whereas the
National Infrastructure of Cell Line Resource (Shanghai,
China) provided the C643 cell line. The cells were cultured in
RPMI 1640 medium (HyClone, Logan, UT, United States)
containing 10% fetal bovine serum (Serana Europe GmbH,
Brandenburg, Germany) and 1% penicillin/streptomycin
(Cienry Biotech, China). The cultures were maintained at 37
°C in a 5% CO, incubator.

2.7. Cell Viability Assay. CCK-8 colorimetry (Yeason
Biotech, Shanghai, China) was utilized to assess the effects of
various active components of Digitalis on the ATC cell activity.
Cells of the 8505C and C643 lines (5000/well) were
inoculated in 96-well plates and incubated for 24 h before
being treated with different concentrations of the active
ingredients (Jaceosidin, Luteolin, Lanatoside C, Digoxin,
Digitoxin, and Astragaloside A) for another 24 h. The main
active ingredients were supplied by TargetMol (USA). Cell
viability was determined using the CCK-8 colorimetric assay.

2.8. Western Blotting. Cells (1.5 x 10%/well) of the
8505C and C643 lines were cultured in 6-well plates for 24 h.
Afterward, the cells were treated with the main active
ingredients (Jaceosidin, Luteolin, Lanatoside C, Digoxin,
Digitoxin, and Astragaloside A) at their ICy, values for 24 h.
Proteins were extracted using PMSF-containing Western and
IP lysis buffers (Beyotime Biotech, Shanghai, China). Equal
amounts of protein (20 ug) were loaded into each lane of a
Precast Protein Plus Gel, 4—20% (Yeason Biotech, Shanghai,
China), separated by electrophoresis, and then transferred to a
polyvinylidene fluoride (PVDF) membrane. The membrane
was blocked with TBST containing 1% Tween-20 and 5%
skimmed milk for 1.5 h and then incubated overnight at 4 °C
with primary antibodies. Erkl/2 (1:2000, Cell Signaling
Technology, Danvers, MA, USA), p-Erkl/2 (1:2000, Cell
Signaling Technology, Danvers, MA, USA), NF-x (1:1000,
Cell Signaling Technology, Danvers, MA, USA), p-NF-«f
(1:1000, Cell Signaling Technology, Danvers, MA, USA), HIF-
lar (1:1000, Cell Signaling Technology, Danvers, MA, USA),
IL-6 (1:1000, Cell Signaling Technology, Danvers, MA, USA),
STAT3 (1:1000, HUABIO, Hangzhou, China), p-STAT3
(1:1000, Abcam, Cambridge, MA, USA), PARP (1:1000,
Proteintech, Wuhan, China), and GAPDH (1:5000, Protein-
tech, Wuhan, China) were used as primary antibodies. An
HRP-linked secondary antibody solution (antimouse or
antirabbit IgG, 1:3000, Beyotime Biotech, Shanghai, China)
was applied for 1 h. The membranes were analyzed using the
FDBioDura ECL kit (FDBio Science, China) and imaged
using an Invitrogen iBright imager (Thermo Fisher Scientific,
Invitrogen, USA). Band density was quantified using the
Image] software.

2.9. Analyses of Statistics. Statistical analyses were
performed using the GraphPad Prism 9.5 software. All values
are expressed as mean = standard deviation (SD). A P-value of
<0.05 was considered statistically significant.
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Figure 2. Volcano plot (A) and heat map (B) of DEGs between ATC samples and normal thyroid samples in GEO database (contains GSE29265,
GSE76039, and GSE33630 data sets). (C) Venn diagram of ATC-related targets in six disease databases and the GEO database. (D) Venn diagram
demonstrating the number of overlapping genes between Digitalis and ATC.

3. RESULTS

3.1. Digitalis Active Ingredients and Targets of
Action. Ten active ingredients of Digitalis were obtained
from the TCM and active ingredient databases (Table S1),
with the SMILES of each ingredient acquired. The targets
corresponding to each ingredient, i.e., Digitalis ingredient
targets, were identified by inputting SMILES into TargetNet.
In total, 52 targets were associated with the 10 active
ingredients (Table S2). Volcano and heatmaps of DEGs
were sourced from three data sets (GSE29265, GSE76039, and
GSE33630) from the GEO database, yielding 2557 DEGs
between ATC and normal tissues (Table S3), with 1430
downregulated and 1127 upregulated DEGs (Figure 2A,B).
Further analysis of the GeneCards, OMIM, and DrugBank
databases yielded 1946, 168, and 101 thyroid cancer-related
genes, respectively, resulting in 4279 unique genes after
eliminating of duplicates (Figure 2C). By intersecting the
targets of Digitalis components with thyroid cancer differential
genes, we identified 33 common targets (Figure 2D). Six active
ingredients correspond to these common targets, as demon-
strated in Table 1. An herbal component-target network
diagram (H—C—T) was constructed using Cytoscape v3.7.2 to
visualize the complex relationships (Figure 3).

15593

3.2. PPl Network Construction and Analysis. Of the 33
targets found between ATC and the active ingredients of
Digitalis, a PPI network was constructed based on the
STRING database (Figure 4A). By analyzing the topological
features of protein—protein interactions using Cytoscape
v3.7.2, the top 20 targets were ranked by degree (Figure
4B). Within the CytoHubba plugin, the top six hub genes
(STAT3, MAPK1, MAPK3, IL6, RELA, and HIF1A) were
identified by using the MCC algorithm (Figure 4D), revealing
a core network with 40 nodes and 52 edges (Figure 4C).

3.3. Analyses of GO Functional Enrichment. To
elucidate the biological characteristics of the 33 shared target
genes, GO enrichment analysis was conducted using DAVID
6.8. We selected enrichment results with a P-value <0.01, a
minimum overlap of 3, and a minimum fold enrichment of 1.5.
Figure SA—C displays the top 10 terms significantly enriched
for MF, BP, and CC. Several BPs—such as apoptotic signaling
pathways, negative regulation of apoptosis, and response to
oxidative stress—closely linked to ATC development—were
among the top 10 identified. These findings suggest that
Digitalis may exert its anticancer effects through these
biological processes.

3.4. Analyses of KEGG Functional Enrichment. Based
on KEGG pathway analysis with a threshold of P < 0.01, we

https://doi.org/10.1021/acsomega.4c00373
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Table 1. Six Core Ingredients of Digitalis

Ingredient PubChem CID  Molecular Formula Molecular Weight 2D Structure
Jaceosidin 5379096 C17H1407 330.29
Luteolin 5280445 C15H1006 286.24
-~
Lanatoside C 656630 C49H76020 985.1
Digoxin 2724385 C41H64014 780.9 P 5
Astragaloside A 13943299 C41H68014 785 NS :
~N /I
!
Digitoxin 441207 C41H64013 764.9 s
Astragaloside A
CASP3 MAPK3 CDKN1A NOS3 ABCB1
Jaceosidin CCND1 NFE2L2 TNF IL1B CDK1
CCL5 CXCL8 PTGS2 CCL4 PARP1
Digitalis RELA AKT1 MCLA1 IL6 CFLAR
HMOX1 STAT3 INS CCL2 IL6R
Luteolin HIF1A BAX MAPK1 SP1 CCNB1
RORC VEGFA CASP8
Digoxin

Figure 3. Network of the relationship between the active ingredients and the targets of Digitalis.

further investigated the role of the 33 overlapping target genes
in ATC. The apoptosis pathway appeared at the top of the list
in Figure SD, suggesting that Digitalis may exert anti-ATC
effects through the apoptosis pathway.

3.5. Validation of Molecular Docking. Following PPI
network analysis and KEGG enrichment analysis, molecular
docking was performed between the six core components
(Jaceosidin, Luteolin, Lanatoside C, Digoxin, Digitoxin, and
Astragaloside A) and the six key target proteins, which were
screened from 33 target genes based on degree centrality,
specific centrality, and proximity centrality over the median,
namely, MAPK3, STAT3, MAPK1, HIF1A, RELA, and IL6.
Docking affinity scores were calculated, as displayed in Figure
6A. The best docking interactions were observed in Jaceosidin
with MAPK3, Luteolin with STAT3, Lanatoside C with

MAPK]1, Digoxin with MAPKI, Astragaloside A with HIF1A,
and Digitoxin with RELA (Figure 6B—G).

3.6. Inhibitory Effect of These Six Active Ingredients
on the Activity of ATC Cells. The 8505C and C643 cells
were treated with the six active ingredients (Jaceosidin,
Luteolin, Lanatoside C, Digoxin, Astragaloside A, and
Digitoxin) to test the effects of Digitalis. The results indicated
that the primary components inhibited the ATC cell viability
in a concentration-dependent manner. The 24 h IC;, values
against 8505C and C643 were 98.13, 89.31, 5.42, 53.01, >200,
and 61.57 uM (Figure 7A—F), as well as 130.7, 31.43, 7.22,
47.63, 111.5, and 63.63 uM (Figure 7G—L), respectively.

3.7. Six of the Active Ingredients Induced Apoptosis
in ATC Cells. The six active ingredients were administered to
8505C and C643 cells at their respective ICs, concentrations

https://doi.org/10.1021/acsomega.4c00373
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Figure 4. Results of the PPI network of the overlapping targets. (A) The PPI network of the overlapping targets. (B) Bar plot of the number of hub
gene links. (C) Protein interaction core network. (D) The top six hub genes.

and incubated for 24 h. Based on the KEGG analysis and
molecular docking results, we focused on the effects of the six
active ingredients of Digitalis on the six core components
(STAT3, MAPKI, MAPK3, IL6, RELA, and HIF1A). Western
blotting results confirmed that most active ingredients of
Digitalis were able to affect Erkl1/2 (MAPK3/1), p-Erkl/2,
NF-xf (RELA), p-NF-kf, STAT3, p-STAT3, IL-6, and HIF-
la. The expressions of STAT3, p-STATS3, IL-6, NF-«/3, Erk1/
2, and HIF-1a were downregulated in the two cell lines after
the action of the active components of Digitalis, and the level
of p-Erk1/2 expression was increased. The expression of these
proteins showed a consistent trend in the two cell lines, but the
trend of p-NF-kf was inconsistent between the two cell lines,
possibly due to cellular heterogeneity. For p-STAT3 and p-NF-

Kkp, at least one of the proteins was downregulated in both cell
lines. As previously mentioned in the CCK-8 assay, Astragalo-
side A did not have a significant effect on the two ATC cell
lines. Therefore, in the Western blotting results, the changes in
the above proteins were not significant after administration of
Astragaloside A compared with the NC group, and these two
results were consistent. In addition, Western blotting results
confirmed that the active ingredients could induce cleavage of
PARP, except Astragaloside A, leading to apoptosis in 8505C
and C643 cells (Figure 8, quantitative charts in Figure S1).

4. DISCUSSION

Globally, the incidence of thyroid cancer has continued to rise
rapidly in many countries and regions over the past three
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decades, making it the most common endocrine malignancy.**
Papillary thyroid carcinoma (PTC) is the most prevalent type
of thyroid cancer, whereas anaplastic thyroid carcinoma
(ATC) accounts for only 1-2% of all thyroid cancers.”
However, ATC is the least differentiated, leading to the highly
aggressive and invasive behavior of ATC cells, resulting in a
high degree of malignancy. This can include infiltration and
metastasis at an early tumor stage, often with a disease course
of less than 1 year from onset to death.** This malignancy
poses a serious threat to human health and is currently
resistant to effective treatment. An increasing number of
studies on ATC, including targeted therapy,””*® immunother-
apy,””” nanomedicines,”’ and Chinese medicine therapy,”*
have shown encouraging results. Because herbal medicines and
monomers have a wide range of sources, their research
prospects for treating ATC are substantial. They can inhibit
ATC tumor activity through apoptosis and antiangiogenesis*'
and induce mitochondrial apoptosis and cell-cycle arrest to
inhibit ATC cells.® Notably, our group’s previous research
found that herbal monomers play an antitumor role by
inducing pyroptosis and apoptosis in ATC cells.” However,
there is no definitive proof of the effectiveness of herbal
medicines and monomers for anti-ATC treatment.

With the recent advancement of computer technology and
biomedicine, the theoretical study of network pharmacology

has matured, becoming an important tool for discovering and
developing TCM, particularly for investigating its molecular
activity. An integrated network model of cyberpharmacology
incorporates multiple components, targets, and pathways,
aligning with TCM’s holistic approach and the complex nature
of disease development. UniProt and TCMSP are two widely
used databases in network pharmacological research that play
an important role in capturing molecular interactions and
pharmacological properties in herbal medicine research.
UniProt is a comprehensive, rigorously audited protein
sequence and annotation database that integrates data from
several protein databases, such as Swiss-Prot, TrEMBL, and
Pir, providing a one-stop platform for research. With reliable
data quality, rich annotations, and cross-references to multiple
databases, UniProt can assist researchers in identifying target
proteins in herbal medicines and analyzing their functions and
interactions.”” The TCMSP is a database dedicated to the
systemic pharmacological study of herbal medicines, which
integrates information on various aspects such as herbal
components, targets, and diseases. It also adopts advanced
computational methods to predict the interactions between
herbal components and targets and provides rich visualization
tools. These tools can help quickly screen out the active
ingredients in herbal medicines in the research and predict the
interactions between them and their targets, providing
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powerful support for investigating the pharmacological effects
of herbal medicines.'® In this study, network pharmacology,
molecular docking experiments, and in vitro assays were
combined to predict and validate the targets and mechanisms
of action of Digitalis for treating ATC. We screened 10 active
ingredients of Digitalis from a TCM database and identified 52
protein targets using the UniProt database. We then combined
the differentially expressed genes of ATC with normal tissue
data from three data sets (GSE29265, GSE76039, and
GSE33630) sourced from the GeneCards, OMIM, and
Drugbank databases with the GEO database to obtain 4279
genes. By intersecting the target genes of ATC and Digitalis,
we identified 33 key genes that may be crucial for Digitalis
resistance in ATC. Using these genes, we excluded the four less
active components and identified the main active components
of Digitalis (Jaceosidin, Luteolin, Lanatoside C, Digoxin,

15597

Digitoxin, and Astragaloside A). Additionally, we constructed a
PPI network to isolate the top 20 genes (STAT3, RELA, IL6,
MAPK3, HIF1A, MAPK1, TNF, IL14, CDKN1A, CXCLS,
AKT1, SP1, CASP3, CASP8, CCL2, CCL4, CCLS, CCND1,
MCL1, and NFKBIA) associated with ATC resistance in
Digitalis and analyzed the key modules in the PPI network
according to the criteria of degree centrality, median centrality,
and closeness centrality over the median to obtain six core
target genes (MAPK3, STAT3, MAPK1, HIF1A, RELA, and
IL6). GO and KEGG analyses of the 33 key genes suggested
that the apoptotic signaling pathway might be the most crucial
for the anti-ATC effects of Digitalis.

The study found that Digitalis interferes with several ATC
signaling pathways, particularly the MAPK pathway. In the
eukaryotic signaling network, the MAPK pathway governs
fundamental cellular processes such as differentiation, pro-
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Figure 7. Cell viability inhibitory effects of six active compounds of Digitalis, including Jaceosidin (A), Luteolin (B), Lanatoside C (C), Digoxin
(D), Digitoxin (E), and Astragaloside A (F) on 8505C cells. Cell viability inhibitory effects of six active compounds of Digitalis, including
Jaceosidin (G), Luteolin (H), Lanatoside C (I), Digoxin (J), Digitoxin (K), and Astragaloside A (L) on C643 cells. Drug concentration-cell
viability curves were generated based on the cell viability assay. All data were expressed as mean + SD (n = 6).

liferation, and apoptosis.“’43 The MAPK signaling cascade
influences these cellular functions and is a primary target for
pharmacological intervention, especially in oncology. Previous
studies have demonstrated that mutations activating the
MAPK signaling cascade, typically in BRAF or RAS oncogenes,
primarily trigger thyroid cancer,”* while ATC undergoes
further genetic alterations to become more aggressive.45
Currently, MAPK inhibitors, such as dabrafenib, trametinib,
and simetinib, are used to treat advanced thyroid cancer,*
with dabrafenib plus trametinib being FDA-approved specif-
ically for ATC with BRAF mutations.”” This underscores the
significance of the MAPK signaling pathway in the ATC.

For further validation, we chose the hub genes (MAPK3,
STAT3, MAPK1, HIF1A, RELA, and IL6) of ATC and the
major active ingredients of Digitalis (Jaceosidin, Luteolin,
Lanatoside C, Digoxin, Digitoxin, and Astragaloside A) for

molecular docking based on the PPI, GO, and KEGG network
analyses. Molecular docking is a computational technique that
predicts interactions between small molecules and proteins at
the atomic level and has become an important element in
computerized drug development. Molecular docking technol-
ogy determines the affinity of the two parties by assessing the
binding energy between the receptor and ligand, the geometric
spatial matching between the receptor and ligand, the strength
and number of chemical interactions between the receptor and
ligand, and the effect of the physical properties of the receptor
and ligand on the binding. It also evaluates the reliability of the
docking results using the docking scores, root-mean-square
deviations, and the free energies of binding as a function of the
binding score.””*” In our study, AutoDock Vina was the fastest
and most widely used open-source software for molecular
docking. The results disclosed that the main active ingredients
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Figure 8. Representative profiles demonstrating apoptosis of the treatment with the main ingredients of Digitalis alone. The effect of the main
ingredient components on six hub genes was observed and could decrease PARP expression in 8505C (A) and C643 (B).

had a high affinity for the target genes. The main active
components of Digitalis suppressed ATC cell proliferation and
induced apoptosis in a concentration-dependent manner,
verifying the accuracy of the network analysis. These results
provide a new theoretical basis for the ATC treatment.

There are various previous studies on these active
ingredients. Studies have revealed that Jaceosidin is able to
induce apoptosis in gastric cancer cells by regulating ROS-
mediated signaling pathways™ and is able to inhibit the
progression and metastasis of NSCLC.”" Luteolin performs
various anticancer effects mainly by inhibiting proliferation and
invasion, stimulating apoptosis, intercepting the cell cycle,
regulating autophagy and immunity, inhibiting inflammatory
responses, inducing iron death and pyroptosis, and epigenetic
modifications.”” Lanatoside C can target the ZDHHC21/
FASN axis for treating diffuse large B-cell lymphoma®® and can
inhibit the proliferation of cholangiocarcinoma and promote
apoptosis.” Digoxin can block the PI3K/Akt pathway to exert
anticancer activity on human nonsmall cell lung cancer cells"
and can also inhibit the proliferation, migration, and invasion
of colorectal cancer cells.”* Astragaloside A can inhibit the
progression of colorectal cancer cells’®> and inhibit the
migration and EMT progression of cervical cancer cells.”®
Digitoxin has an inhibitory effect on pancreatic cancer cells®’
and can reduce HIF-1a and STAT3 to promote apoptosis and
inhibit the proliferation and migration of KRAS mutant human
colon cancer cells.’® However, the effects of these active
ingredients on thyroid cancer, especially undifferentiated
thyroid cancer, have not yet been reported. Our study verified
the anti-ATC effects of the active ingredients of digitalis
through network pharmacology, molecular docking, and
preliminary experiments. These results provide a new
theoretical basis for ATC treatment. However, there are
limitations to our study. Our study was only a preliminary
result, and we did not explore the specific mechanism of the
antitumor effect of these active ingredients in more depth.
Therefore, our next step will be to delve deeper into the anti-
ATC mechanisms of these active ingredients through further in
vivo and in vitro experiments with the aim of enabling clinical
translation.

5. CONCLUSIONS

In the present study, network pharmacology, molecular
docking, and in vitro experiments were used to predict and
validate the anti-ATC mechanism of action and the potential
targets of the active constituents of Digitalis. Specifically, these
active components inhibited ATC cell activity and induced cell
death through an apoptotic pathway. Consequently, these
active ingredients show promise as effective treatments for
ATC.
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