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Abstract: Background: Pulmonary hypertension (PH) is a complex disease caused by a wide range of
underlying conditions, Tanshinone IIA (Tan IIA) has been widely used in PH patients. The study
aimed to explore the possible molecular mechanism of Tan ITA against PH by network pharmacology
and molecular docking. Methods: Tan IIA and PH-related targets were retrieved from public
databases. Gene ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis, and protein—protein interaction (PPI) network were used to investigate the protein targets
and mechanism. The binding activity of core targets and Tan IIA were verified by molecular docking.
Results: A total of 26 overlapping target proteins between Tan IIA and PH were screened. PPI network
identified HSP90AA1, PTPN11, ATM, CA2, TERT, PRKDC, and APEX1 as key pharmacological
targets. The results of GO function enrichment analysis included regulation of smooth muscle cell
proliferation and migration, regulation of mitotic cell cycle, and regulation of G1/S transition of
mitotic cell cycle. KEGG pathway analysis showed that nitrogen metabolism, NF-kappa B signaling
pathway, cell cycle, necroptosis, apoptosis, and JAK-STAT signaling pathway were associated with
Tan ITA in PH. The molecular docking results showed that Tan ITA can closely bind three core targets
(HSP90AA1, PTPN11, and CA2). Conclusions: The present work initially clarified the effective
therapeutic targets, biological processes, and signaling pathways of Tan IIA treatment of PH, which
lay a foundation for further research on the pharmacological effects of Tan IIA.

Keywords: Tanshinone IIA; pulmonary hypertension; network pharmacology; molecular

docking; bioinformatics

1. Introduction

Pulmonary hypertension (PH) is characterized by elevated blood pressure in the lungs
at rest, which links to high mortality due to right heart failure [1]. PH arises from a wide
range of underlying diseases, including pulmonary arterial hypertension (PAH), PH sec-
ondary to left heart, and lung diseases [2]. The treatment of PH has improved significantly
over the last decades with targeted drug therapies. Currently, commonly used clinical drugs
included PDE-5 Inhibitors, Soluble Guanylate Cyclase Stimulators, Endothelin Receptor
Antagonists, Prostacyclin Analogues, and Prostacyclin Receptor Agonists [3]. However,
significant worsening symptom over time in PH patients irrespective of the treatment
procedure because of the complexity and heterogeneity of PH. Therefore, developing a new
effective therapy for the treatment of PH and to reveal their underlying mechanisms is of
utmost importance.

Tanshinone ITA (Tan IIA, C19H1803, PubChem CID:164676) isolated from Salvia
miltiorrhiza Bunge is used widely in the prevention and treatment of coronary artery
disease, diabetes, obesity, ischemic stroke and liver fibrosis with few toxic side effects in
China for many years [4]. Clinical research also proved that PH patients received beneficial
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effects from Tan IIA treatment [5]. However, the mechanism of action of Tan IIA against
PH remain elusive.

Network pharmacology is a powerful tool in illuminating the drug-target-disease net-
work and generates new ideas and methods for research on medicinal plants [6]. Therefore,
we investigate the therapeutic effects of Tan IIA in PH using network pharmacology, then
preliminarily verified therapeutic targets by using molecular docking. Figure 1 shows the

flowchart of this study.
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Figure 1. The flowchart of this study.

2. Methods
2.1. Data Mining

The two-dimensional (2D) structure of TIIA was obtained from PubChem (http:
/ /pubchem.ncbinlm.nlh.gov/) (accessed on 14 April 2022). According to this structure,
several databases including BindingDB (http:/ /bindingdb.org/) (accessed on 15 April
2022), ChEMBL (http:/ /ebi.ac.ek/chembl/) (accessed on 15 April 2022), SwissTarget pre-
diction (http:/ /www.swisstargetprediction.ch) (accessed on 15 April 2022), and STITCH
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database (http:/ /www.stitch.embl.de/) (accessed on 16 April 2022) were used to obtain as
many potential targets as possible.

The PH-related protein targets were screened using the GeneCards database (https:
/ /www.genecards.org/) (accessed on 15 April 2022), DisGeNET platform (https:/ /www.
disgenet.org/) (accessed on 16 April 2022), and CTD database (https://ctdbase.org/)
(accessed on 16 April 2022), and the keywords “pulmonary hypertension” and “pulmonary
arterial hypertension”. Finally, all proteins were standardized by the Uniprot database
(https:/ /www.uniprot.org/) (accessed on 20 April 2022) with the species “homo sapiens”.

2.2. Protein—Protein Interaction (PPI) Analysis and Core Gene Screening

The intersecting protein targets of Tan IIA and PH were identified by STRING platform
(https:/ /cn.string-db.org /) (accessed on 21 April 2022). Cytoscape software v.3.7.1 (https:
/ /cytoscape.org/) (accessed on 1 August 2022) and plug-in Cytohubba were used to
analyze the interaction network and the hub targets in the PPI network [7].

2.3. Enrichment Analysis

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysis were carried out to examine the potential therapeutic targets of Tan
IIA against PH. GO terms and KEGG pathway analysis with p value < 0.05 were considered
statistically significant.

2.4. Molecular Docking

To further understand the mechanism of Tan IIA with PH disease targets, the receptor-
ligand molecular docking method was applied to verify the activity of binding between
Tan ITA and hub targets. Tan IIA was used as the ligand molecule and the crystal structure
of the relevant target protein was used as the receptor molecule for molecular docking.
The three-dimensional (3D) structure of Tan IIA was downloaded from PubChem database
(https://pubchem.ncbi.nlm.nih.gov/) (accessed on 14 April 2022) and protein crystal
structures of some relevant targets were obtained from the UniProt database (https://www.
uniprot.org/) (accessed on 22 April 2022) and RCSB PDB database (https:/ /www.rcsb.org/)
(accessed on 22 April 2022).

Molecular docking analysis was conducted by Discovery Studio 2019 software (BIOVIA,
San Diego, CA, USA); the Docking results of three-dimension images drawn by Pymol
2.5.Dock ligands (CDOCKER) uses a CHARMm-based molecular dynamics scheme to dock
ligands into a receptor binding site. The CDOCKER method was performed to identify
the binding affinity of Tan IIA receptors. The smaller the binding energy (docking score),
the more stable the binding of Tan IIA to the target site. A docking score <—5.0kcal/mol
was considered a good binding activity, while a docking score < —7.0kcal/mol indicated a
high-affinity association between Tan IIA and the identified core targets [8].

2.5. Construction of a Compound-Target-Pathway Network

To obtain a comprehensive understanding of the associations between Tan IIA and
multiple targets and pathways, Cytoscape 3.7.1 software was used to build Tan IIA-therapy
target pathway networks. The Closeness centrality is calculated by CentiScaPe of Cy-
toscape [9].

3. Results
3.1. Identification of Potential Targets for Tan IIA for the Treatment of Pulmonary Hypertension

Based on the data structure and algorithm, we obtained 31 potential targets of TIIA and
12,144 genes related to PH after deleting the redundant data. There were 26 overlapping
targets that were filtered out as candidate genes of Tan IIA for the treatment of PH by
using the online tool VEENY2.1 (https:/ /bioinfop.cnb.csic.es/tools/venny/) (accessed on
20 April 2022), and they were thoroughly analyzed, as is shown in Figure 2.
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Figure 2. Matching of target genes of pulmonary hypertension and Tan IIA. The purple circle
represents the PH-related targets and the yellow circle represents the drug targets of Tan IIA.

3.2. The PPI of Potential Targets for Tan IIA in the Treatment of Pulmonary Hypertension

The 26 obtained targets were imported into the STRING database to build a whole
PPI network containing 26 nodes and 25 edges (Figure 3A). Based on network topological
analysis, only the genes with higher levels of “degree” and “closeness” were collected as
the key targets of Tan IIA against PH. Ultimately, seven key targets were collected, with
heat shock protein HSP 90-alpha (HSP90A A1), tyrosine protein phosphatase nonreceptor
type 11 (PTPN11), ATM serine/threonine kinase (ATM), carbonic Anhydrase II (CA2),
telomerase reverse transcriptase (TERT), protein kinase, DNA- activated, catalytic polypep-
tide (PRKDC), and apurinic/apyrimidinic endonuclease 1 (APEX1) as the hub target genes
(Table 1, Figure 3B).
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Figure 3. Protein—protein interaction (PPI) network construction and core targets. (A) A com-
plete PPI network; (B) A PPI network indicating hub target genes, with darker colors indicating a
higher degree.
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Table 1. Topological analysis of the Tan IIA target network.

Abbreviation

Protein Name Degree Closeness Centrality

HSP90AA1
PTPN11
ATM
CA2
TERT
PRKDC
APEX1
PTPNG6
ROS1
CFTR
CA1l

Heat Shock Protein 90 Alpha Family Class A Member 1
Protein Tyrosine Phosphatase Non-Receptor Type 11

Protein Kinase, DNA-Activated, Catalytic Subunit
Apurinic/Apyrimidinic Endodeoxyribonuclease 1
Protein Tyrosine Phosphatase Non-Receptor Type 6
ROS Proto-Oncogene 1, Receptor Tyrosine Kinase
CF Transmembrane Conductance Regulator

N

0.53571429
0.41666667
0.42857143
0.39473684
0.40540541
0.39473684
0.39473684
0.30612245
0.30612245
0.46875000
0.30000000

ATM Serine/Threonine Kinase
Carbonic Anhydrase 2
Telomerase Reverse Transcriptase

NINDNDNE& BRSO O

Carbonic Anhydrase 1

3.3. Enrichment Analysis of Tan IIA in the Treatment of Pulmonary Hypertension

GO and KEGG enrichment analyses were conducted to understand the functions and
related pathways of Tan IIA in the treatment PH. Go enrichment analysis revealed that
the top 20 items of biological processes annotations included regulation of smooth muscle
cell (SMC) proliferation, regulation of SMC migration, regulation of mitotic cell cycle, and
regulation of G1/S transition of mitotic cell cycle. The majority of molecular functions
were involved in lyase activity, hydro-lyase activity, carbonate dehydratase activity, protein
N-terminus binding, carboxylic ester hydrolase activity, etc. For cellular components,
the targets were enriched in microvillus, chromosome, telomeric region, actin-based cell
projection, chromosomal region, and DNA repair complex, etc. (Figure 4A-C). KEGG
pathway analysis showed that these targets were related to nitrogen metabolism, NF-kappa
B signaling pathway, cell cycle, necroptosis, apoptosis, and JAK-STAT signaling pathway
(Figure 4D).

3.4. Molecular Docking

Molecular docking was employed to validate the binding interactions of Tan IIA
with PH-related key targets according to the network analysis. The binding energies for
receptor-ligand interactions were calculated using the -CDOCKER energy. Table 2 shows
the binding energies (kcal/mol) of the top three key targets and Tan IIA. The molecular
docking results showed that the docking scores of Tan IIA to the HSP90AA1, PTPN11, and
CAZ2 proteins were all less than —5.0 kcal/mol, showing a good overlapping effect.

Table 2. Tan IIA molecular docking energy scoring results (kcal/mol).

Compound

Target

PDB Id Grid Origin CDOCKER Energy CDOCKER Interaction Energy

Tanshinone ITA

HSP90AA1
PTPN11
CA2

60x1 —20.6484, —7.93913, —3.18796 —18.3170 —38.0150
6cmp —36.6312, —15.0254, —12.611 —15.0367 —34.2720
3k34 —36.6312, —15.0254, —12.611 —10.0027 —29.0277

As shown in Figure 5A, the carbon hydrogen bond could combine Tan ITA with
GLY108 and LEU103 in HSP90AA1. In addition, there were Pi-alkyl interactions with
PHE22, ALA111, LEU107, and PHE138, respectively. Tan IIA could form Pi-Pi stacked with
PHE138 and TYR139 in HSP90AA1 and interact with HSP90AA1 via Alkyl with LEU107
and MET98.
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Figure 4. GO analysis and KEGG pathway analysis of the Tan IIA target. (A) Biological process;
(B) cellular components; (C) molecular function; (D) KEGG pathway. The color and size of each
bubble represent the p value and gene count, respectively. The X-axis is a rich factor representing the
ratio of differentially expressed proteins (DEPs) over the total number of proteins in each category.

Tan ITA interacts with PTPN11 through conventional hydrogen bond with residues
LYS178; Pi-donor hydrogen bond with ASN103; Pi-anion with ASP188 and GLU185, re-
spectively; and unfavorable acceptor-acceptor with ARG186 (Figure 5B).

Similarly, the Tan IIA-CA2 was stabilized by a conventional hydrogen bond with
residues THR199; Alkyl with VAL143 and LEU198. The structure of Tan IIA was linked to
HIS199, HIS94, TRP209, VAL121, and LEU198 through Pi-Alkyl, respectively (Figure 5C).
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Figure 5. Docking patterns of Tan IIA interacting with HSP90AA1 (A), PTPN11 (B), and CA2
(C) as produced by CDOCKER, with three-dimensional plots and two-dimensional plots. The 3D
plots include complete docking and binding site details, while the different colors of the 2D plots
represent different intermolecular forces.

3.5. Component-Target-Pathway Network of Pulmonary Hypertension Treatment

To obtain a comprehensive understanding of the potential mechanisms of Tan IIA
on PH, we constructed a “component-target-pathway” network (Figure 6). The network
revealed that Tan IIA treated PH through multiple targets and pathways.
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Figure 6. Component-target-pathway network of treating pulmonary hypertension. The green
ovals represent genes. The purple diamonds represent the biological processes. The pink diamonds
represent the cellular components. The gray diamonds represent the molecular functions. The orange
diamonds represent the KEGG pathway. The gray lines represent the connections.

4. Discussion

PH is a progressive disease, and the pathogenesis of pulmonary vascular remodeling
is associated with SMC proliferation, chronic inflammation, apoptotic, and necroptotic
signaling pathways [10,11]. Network pharmacology allows the systematic study of drugs,
proteins or genes and diseases at the molecular level, improving our understanding of
some diseases [12].

In this study, we initially screened out 26 potential targets of Tan IIA in the treatment
of PH through data mining. The PPI analysis offers deep knowledge of the drug—target
interaction network [13]. The results of network pharmacology and PPI analysis showed
that the Tan IIA-related core drug targets involved HSP90AA1, PTPN11, ATM, CA2, TERT,
PRKDC, and APEX1. Previous studies showed that HSP90AA1 was highly expressed in the
lung tissues of PAH patients and associated with inflammation activation and SMC pheno-
type change in pulmonary arteries [14]. Meanwhile, the human PTPN11 gene encodes the
protein tyrosine phosphatase Shp2, which play critical roles in the development of PAH [15].
It has long been considered that ATM protein kinase mediates DNA damage-induced cell
death through inducing apoptosis in human disease [16]. The proteomics discovery of CA2
is a serum biomarker for PAH and participate in the pathogenesis of PAH [17]. TERT was
increased in pulmonary vasculature of PH patients, while experimental studies showed
that TERT promotes proliferation and migration of pulmonary artery SMC and regulates
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cell cycle transition from the GO/G1 phase to the S phase [18]. PRKDC is involved in SMC
proliferation, innate immune response, and cell apoptosis, which is associated with the
pathobiology of PH [19,20]. Studies have also shown that APEX1 affects DNA repair and
redox regulation of transcriptional factors, thus increasing the risk of developing PH [21].
Based on the above analysis, we can conclude that these seven core targets are related to
Tan ITA-based therapy in PH.

To elucidate the signaling pathways of Tan IIA in treating PH, KEGG pathway analysis
was conducted to demonstrate that Tan IIA targeted proteins were involved in nitrogen
metabolism, NF-kappa B signaling pathway, cell cycle, necroptosis, apoptosis, and JAK-
STAT signaling pathway. Previous studies have demonstrated that nitrogen metabolism
influences redox homeostasis, and impairs vascular tone, leading to cell proliferation
and obliteration of the pulmonary vasculature [22]. The role of the NF-kappa B pathway
in chronic inflammation is well understood, and it has a key role in pulmonary arterial
SMC proliferation, migration, and apoptosis, thereby promoting PH development [23].
JAK-STAT pathways have been found to induce cell proliferation, survival, migration,
inflammation, and vasoconstriction, which are associated with PH pathology [24]. Besides,
increasing evidence supports that the cell cycle signaling pathway is closely related to
the pathogenesis of PH. Qin Y et al. found that IncRNA AC068039.4 negatively regulates
pulmonary artery SMC proliferation by interrupting each cell cycle through the G0/G1
to the S phase [25]. Necroptosis and apoptosis are the two major modes of cell death,
which regulate cell proliferation, survival, and cell homeostasis [26]. Animal models
demonstrated that these two cell death forms also promote pulmonary vascular remodeling
and inflammation [27].

5. Conclusions

Taken together, our study utilized a network pharmacology and molecular docking
technology to demonstrate that Tan IIA may achieve a role in the treatment of PH by
intervening in a series of targets (such as HSP90AA1, PTPN11, and CA?2), biological
processes (such as regulation of SMC proliferation and migration, regulation of mitotic
cell cycle, and regulation of G1/S transition of mitotic cell cycle), and signaling pathways
(such as nitrogen metabolism, NF-kappa B pathway, cell cycle, necroptosis, apoptosis, and
JAK-STAT pathway). However, limitations still exist. This study used only a network for
prediction and analysis to discover potential therapeutic targets and disease treatment
pathways, and further clinical and experimental validation is needed.
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