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Abstract. - OBJECTIVE: The aim of this
study was to investigate the modular charac-
teristics and mechanism of action of Chinese
herbs for vascular calcification (VC) treatment.

MATERIALS AND METHODS: Network pharma-
cology coupled with literature data mining was uti-
lized to assess the Chinese herbal clinical perfor-
mance as well as its similarity, characteristics, in-
gredient, target, and Gene Ontology (GO) analysis,
Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment, and network construction.

RESULTS: The top 15 medications from the lit-
erature, according to the usage, and 190 active
chemicals, 183 common targets between medi-
cation and VC-related targets were weeded out.
Analysis of the relationships between the active in-
gredients, pharmacological targets, and signaling
pathways helped to clearly define the therapeutic
effect of Traditional Chinese Medicine (TCM). Im-
portantly, we discovered seven most hub proteins
(AKT1, CTNNB1, TNF, EGFR, TP53, JUN and IL-6)
and two of the herbs’ most fundamental ingredi-
ents (Formononetin and Luteolin) in TCM-mediat-
ed VC suppression. Mechanistically, the metabolic
pathways [AGE-RAGE pathway, interleukin-17 (IL-
17) pathway, and p53 pathway] as well as smooth
muscle adaptation (functional remodeling) and ox-
idoreductase activity (redox homeostasis modu-
lating) are also crucially implicated.

CONCLUSIONS: Our work, accomplished
by network pharmacology and data mining, in-
creases our understanding of TCM in VC ther-
apy and may offer insightful information for fu-
ture drug discovery investigations.
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Introduction

Vascular calcification (VC), characterized by
calcium-phosphate complex deposition in the va-
sculature, is an independent risk factor for both
severe adverse cardiac events and cardiovascular
disorders (CVD)!. Recent decades have shown
VC is not a passive, degenerative process but an
actively regulated, cell-mediated process in pa-
tients with CVD caused by multiple basic disea-
ses such as diabetes, hypertension, dyslipidemia,
and atherosclerosis®. Patients’ demands for VC
prevention or treatment were not addressed de-
spite the clinical interventions targeting cellular
mechanisms of VC including phosphate binders,
vitamin K, calcimimetics, vitamin D, and bispho-
sphonates*®. While Traditional Chinese Medicine
(TCM) practitioners and researchers’ have amas-
sed a large collection of prescriptions for the the-
rapy of VC, during the course of their extensive
clinical work.

TCM served as a beneficial practical experien-
ce for contemporary clinical practice and funda-
mental medical research as a priceless intangible
cultural legacy of China. TCM has evolved over
more than two thousand years into a comprehen-
sive and distinctive system that includes diagno-
sis and prognosis and is crucial in the prevention
and treatment of human ailments. A data mining
strategy can discover effective drugs for illness
therapy®®. In the meantime, it can examine chan-
ges in formula patterns created from a knowledge
graph, the frequency of herbal drugs, and drug
ontology.
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TCM’s “multi-ingredient, multi-target, and
multi-pathway” method offers an original, po-
tent, and targeted approach for illness prevention
and treatment in contrast to single-target or sin-
gle-pathway drugs. However, the basic workings
of Chinese herbs have not yet been fully under-
stood because of the complexity of their compo-
nents and the challenges in studying the several
goals of Chinese herbs. Network pharmacology,
a developing TCM prescriptions research techni-
que, may predict numerous bioactive substances
as well as reveal many drug targets and pathways
based on the interplay of “disease-target-drug-in-
gredient'*'?”,

In order to find the Chinese prescriptions and
learn more about the important herbs for the tre-
atment of VC, data mining was used in this stu-
dy. The complicated relationship between herbs
and VC was then demonstrated using a network
pharmacology method. In order to further con-
firm the binding between the candidate compo-
nents and significant proteins, protein-chemical
interaction (PCI) was employed to evaluate the
bioactive components and therapeutic mechani-
sms of Chinese herbs used in VC therapy. We an-
ticipated that the findings would contribute to our
understanding of the genesis of VC and shed light
on the biological basis of the druggable targets,
assisting in the creation of more effective VC the-
rapeutic interventions.

Materials and Methods

Collection of Chinese Prescription
and Herbs for VC Treatment

Figure 1 shows our workflow diagram for this
investigation. Sources were obtained from Chi-
na National Knowledge Internet (CNKI) (avai-
lable at: http://www.cnki.net), Wanfang Databa-
se (available at: http:/www.wanfangdata.com.
cn/index.html), China Science and Technology
Journal Database (VIP: available at: http:/www.
cqvip.com), and PubMed (available at: https:/
www.ncbi.nlm.nih.gov), Web of Science (Clari-
vate) databases via using the terms “vascular cal-
cification” “calcification” “VC” and “traditional
Chinese Medicine” and “Chinese herb” updated
to August 18,2022. Furthermore, Endnote (ver-
sion x9.3.3), Zotero (version 6.0.10), and Excel
(version 2019) tools were used to analyze and
collect pertinent data. Except for repeated and
unsatisfactory items, a total of 105 papers were
examined further. The following are the crite-

ria for data inclusion and exclusion: (1) Inclusion
criteria were primary randomized controlled
clinic studies for treating vascular calcification
with Traditional Chinese Medicine, considerable
therapeutic efficacy with TCM, and explicit herb
names in prescriptions. (2) The exclusion criteria
included any studies that did not fulfill the in-
clusion requirements, such as animal tests, case
reports, reviews, incomplete herb compositions,
identical prescription work. Two different rese-
archers processed prescription collections while
another researcher summarized information to
verify correctness and dependability. When the
same compound drug was reported in multiple
publications, only one was included.

Name Standardization and Analysis
of Collected Herbs

A total of 107 single herbs were extracted from
the ten screened prescriptions, and their names
were unified to official names based on the Pe-
ople’s Republic of China Pharmacopoeia (2020
edition) and Traditional Chinese Medicine “13™
Five-Year Plan” textbook, as well as the Chinese
Clinical Medicine Dictionary. Unless otherwise
mentioned in China Pharmacopoeia, processing
methods of herbs were neglected, such as “Ho-
ney-made-HuangQi” dubbing for “HuangQi” and
“Wine-made-DaHuang” dubbing for “DaHuang”.
The frequency, family, genus, categorization, ef-
fectiveness, characteristics, flavor, and channel
tropism were all investigated and summarized. A
total of 16 herbs were chosen for further investi-
gation based on their frequency of use.

Active Ingredients Screening
of Therapeutic Herbs

TCM Systems Pharmacology Database (avai-
lable at: http:/lsp.nwu.edu.cn/tcmsp.php), TC-
MID Database (available at: https:/ngdc.cncb.
ac.cn/databasecommons/database/id/437),  and
ETCM (available at: http:/www.nrc.ac.cn:9090/
ETCM/) were used to search the bioactive ele-
ments of herbs. On the basis of the absorption,
distribution, metabolism, and excretion (ADME)
properties of the herbs in the body, the oral bio-
availability (OB) of 30% and the drug-likeness
(DL) of 0.18 were set as additional filters. Some
Chinese herbs, such as MuLi, were not further
investigated in this study due to a lack of bug
species in the TCMSP database. The chemical
structure was also acquired from the NCBI Pub-
Chem database (available at: https:/www.ncbi.
nlm.nih.gov/).
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Figure 1. The workflow, database, software of this work. The icon next to each step entry represents the database or software
used for this work.
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Potential Targets Prediction
of Active Ingredients

The putative targets for each component were
obtained by combining data from the TCMSP
(available at: http:/lsp.nwu.edu.cn/tcmsp.php),
DrugBank (available at: https:/go.drugbank.
com/), and BATMAN-TCM (available at: http:/
bionet.ncpsb.org.cn/batman-tcm/index.php/
Home/Index/index) databases.

Related Targets Collection of Disease
GeneCard (available at: https:/www.gene-
cards.org/), OMIM (available at: http:/www.
omim.org/), DisGeNET (available at: http:/www.
disgenet.org/), and Therapeutic Target Database
(TTD; available at: http:/db.idrblab.net/ttd/) da-
tabases were used to forecast VC-related targets.

Common Targets Acquisition Among
Ingredients-Targets and Disease-Targets

The common targets across drug-targets and
VC-related-targets were obtained by taking inter-
section after eliminating duplication, illustrated
with Venn diagrams, and then mapped to the Uni-
Prot Database (available at: https:/www.uniprot.
org/) to standardize.

Network Construction of Herbs-
Ingredients-Common Targets

We then used f (vlookup) in Excel to find the re-
lated substances and herbs based on common tar-
gets. Following that, the common targets, associated
ingredients, and herbs were loaded into Cytoscape
3.8.2 software to create a network of herbs-compo-
nents-common targets. Furthermore, the most pre-
valent herb compounds and the components asso-
ciated with the most common targets were identified
as the most plausible core elements for VC therapy.

GO and KEGG Enrichment Analysis
of Common Targets

The Metascape (available at: https:/metascape.
org/gp/index.html#/main/stepl) database was used
for Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways and Gene Ontology (GO) enri-
chment analyses. To represent gene properties, three
types of GO keywords were defined: biological pro-
cess (BP), molecular function (MF), and cellular
component (CC). To depict the interacting pathway
of proteins, the KEGG (available at: http:/www.ge-
nome.jp/kegg/) database was employed. The images
were created using Bioinformatics (available at: ht-
tps://www.bioinformatics.com.cn/) and R Software
version 3.4.0 (available at: https:/www.r-project.org).

Network Construction of Protein-Protein
Interaction (PPl) and Protein-Chemical
Interaction (PCI)

Protein-protein interaction (PPI) networks were
gathered from the STRING database version 11.5
(available at: https:/www.string-db.org/) to gain
a better knowledge of how those common pro-
teins interact with one another. Furthermore, the
Protein-chemical interaction (PCI) network was
retrieved from the STITCH database version 5.0
(available at: http:/stitch.embl.de/cgi/input.pl?Userl-
d=IS4zrGBSElvl&sessionld=Zr13Ib0ccl7a&input).
STRING database conducts further analysis via the
column “multiple protein” on the left, whereas STI-
TCH database does more analysis via the column
“Item by name” or “Chemical structure” on the left.
Both databases’ homepage organisms were chosen
to be “Homo sapiens”. In the STRING database,
an interaction scores higher than 0.9 was defined
as moderate confidence. The maximum number of
interactors was set at no more than 20 in STITCH.
Following the acquisition of raw data from two da-
tabases, the Cytoscape 3.8.0 software (available at:
http://cytoscape.org/) was used to visualize networ-
ks. The Molecular Complex Detection (MCODE)
plugin and the Cytohubba plugin in the Cytoscape
program were used to perform the crucial network
and hub gene of biological networks, respectively.

Molecular Docking Between Core
Therapeutic Ingredients and Proteins

AutoDock 1.5.6 (available at: https://autodock.
scripps.edu/) is a suite of automated docking to-
ols, and it is designed to predict how small mole-
cules, such as substrates or drug candidates, bind
to a receptor of a known 3D structure. Based on
the above screening results, we determined the
proteins (AKT1 and CASP3) and molecule li-
gands (Formononetin and Luteolin) for docking.
The 2D structures of the active compounds were
obtained from TCMSP, and the 3D structures of
the core targets were gained by RSCB PDB da-
tabase (available at: https://www.rcsb.org/). The
structures of compounds and targets were intro-
duced into AutoDockTools for adding hydrogen,
deleting water and other operations, then, we car-
ried out the molecular docking to analyze the bin-
ding energy of the receptors and ligands. Finally,
the docking results were visualized using PyMOL
2.5.0 (available at: https:/pymol.org/2/).

Statistical Analysis

A value of p<0.05 was considered statistically
significant in the bioinformatics analysis.
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Results

The Details and Characteristics
of Herbs for VC Treatment

Data mining in the literature assists us in obtaining
clinical herbs for VC therapy. A total of 1,431 papers
on Chinese medicine in VC therapy were obtained:
1,275 from Chinese databases (CNKI, WanFang, and
VIP) and 173 from English databases (PubMed and
Web of Science database). Among those, 202 pieces
of literature were duplicates, 126 were clinical stu-
dies, 282 were experimental research (235 were in
vitro, 39 were in vivo, and 8 were both in vitro and
in vivo), and 434 were case or review studies. Others
were 387 pieces of literature. As a consequence, 14
clinical randomized controlled trials papers were uti-
lized for additional data mining'*22,

A total of ten medical prescriptions were chosen
from the screened literature, including those for
“Jian-Pi-Bu-Shen-Tong-Luo-Fang”, “Wen-Yang-
Xie-Zhuo-Fang”, and “Tong-Lin-Tang”, among

Table I. The details of top 15 of herbs (frequency > 20%).

others. 56 different Chinese herbs were obtained
through prescriptions and single herbs, and the
top 15 herbs (frequency>20%) in clinical use were
used for subsequent analysis (details on Table I).

Furthermore, the interpretation of Chinese
herb features such as effects, qualities, flavor,
and channel tropism are the greatest approach
to immediately comprehend a Chinese herb. We
discovered that the frequency of action of those
15 herbs, such as “Tonifying Qi herbs”, “Remove
blood stasis and promote blood circulation”, and
“Astringency herb”, had a larger proportion in VC
therapy in this study (Figure 2A).

The herbal properties were predominantly warm
(Figure 2B and 2C), the flavor was Gan, and the
channel tropism was liver and spleen (Figure 2D).

These findings indicate that 15 Chinese her-
bs were often utilized in VC therapeutic resear-
ch, and that these herbs mostly served the roles
of “tonifying qi and activating blood circulation”.
The basic characteristic of these herbs was gan-
warm herb of channel tropism of the liver-spleen.

Chinese English Family Genus Frequency Compo- Candidate
name name (%) nents components
HuangQi Astragali Radix Fabaceae Astragalus aaronii 80 87 16
Lindl (Eig) Zohary
FuLing Poria Polyporaceae Poria cocos 70 34 14
(Schw.) Wolf
DaHuang Rhei Radix Polygonaceae ~ Rheum officinale 60 92 13
et Rhizoma Baill.
DangGui Angelicae Apiaceae Angelica sinensis 50 125 2
Sinensis Radix Lindl. (Oliv.) Diels
DanShen Salviae Miltiorrhizae Lamiaceae Salvia miltiorrhiza 40 202 52
Radix et Rhizoma Martinov Bunge
ChuanXiong Rhizoma Chuanxiong Apiaceae Ligusticum chuanxiong 40 189 6
Hort.
BaiZhu Atractylodis Composite Atractylodes 40 55 5
Macrocephalae macrocephala Koidz.
Rhizoma
DuZhong Eucommiae Cortex Eucommiaceae Eucommia ulmoides Oliv 40 28 16
ShanYao Rhizoma Dioscoreae  Dioscoreaceae  Dioscorea oppositifolia L. 30 16 16
HongHua Carthami Flos Asteraceae Carthamus tinctorius L. 30 22 16
Bercht. and
J.Presl
MoHanLian  Herba Ecliptae Composite Eclipta prostrata L. 20 10 10
ShanZhuYu  Corni Fructus Cornaceae Cornus officinalis 20 20 16
Sieb. et Zucc.
FuZi Aconiti Lateralis Ranunculaceae  Aconitum carmichaelii 20 21 18
Radix Praeparata Debx.
DangShen Radix Codonopsis Campanulaceae Codonopsis pilosula 20 21 19
Tubulosae (Franch.) Nannf.
GeGen Puerariae lobatae Leguminosae Pueraria lobata (Willd.) 20 4 4
radix Ohwi
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The effect of herbs
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Figure 2. The effects, properties, flavor, and channel tropism of herbs. A, The effect of herbs. B, The properties of herbs. C,
The flavor of herbs. D, The channel tropism of herbs.
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The Potential Active Ingredients
of Therapeutic Herbs

Chinese herbs are known for their complex
composition?. Several databases were utilized
to uncover the fundamental components. As a
result, 1,682 herbal components were gathered
from the TCMSP DrugBank database and BAT-

Table IlI. The part of candidate ingredients.

MAN-TCM. Among those, 190 putative plant
constituents were identified for further investi-
gation since they met all criteria “OB > 30 %,
DL > 0.18, and HL > 4” (Supplementary Table
I) and Table II exhibits sections of them at ran-
dom that are connected to more than one plant
as examples.

MOL-ID

Component
Name

OB (%)

DL

HL

Molecular
formula

Compound
CID

Structure

Related
Herbs

MOL000296

Hederagenin

36.91

0.75

5.35

C30H4804

73299

HuangQ;i,
FuLing

MOLO000358

Beta-sitosterol

36.91

0.75

5.36

C29H500

222284

DaHuang,
DangGui,
DuZhong,
HongHua,
ShanZhuYu
GeGen

MOLO001494

Mandenol

4

0.19

5.39

C20H3602

5282184

ChuanXiong
ShanZhuYu

MOLO002773

Beta-carotene

37.18

0.58

4.36

C40H56

5280489

DuZhong
HongHua

MOL000449

Stigmasterol

43.83

0.76

5.57

C29H480

5280794

DangGui,
HongHua,
ShanZhuYu,
DangShen

MOL002140

Perlolyrine

65.95

0.27

12.62

C16HI12N202

160179

ChuanXiong
DangShen
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The Candidate Targets of Active
Ingredients

Following the removal of duplication, a total
of 265 ingredient targets were found in this study
(Supplementary Table I and III). Then, we con-
structed the active ingredients-targets network by
Cytoscape 3.8.0 software. The results in Figure 3
show that the blue nodes in the middle represents
the targets, and the purple nodes around them re-
presents the active ingredients. The results indict
that herb worked with multi-target and multi-in-
gredients. Further exploration is necessary to get
most central targets or ingredients.

The Common Targets and
Herbs- Ingredients-Common
Targets Network

We searched for the illness target after di-
scovering the medication target. After remo-
ving duplicates, nearly 3,858 VC-related targets
were obtained from the GeneCards database,
OMIM database, TTD database, DisGeNET
database, and DrugBank database (Supple-
mentary Table III). The Venn diagram reve-
aled 183 overlapping targets across medication
targets and disease targets (Figure 4A, Supple-
mentary Table I1I).

Figure 3. The active ingredients-targets network: the blue nodes in the middle represents the targets, the purple nodes around

them represents the active ingredients.
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Herb Target Disease Target

Common targets
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Figure 4. Herb-ingredient-common target network. A, Venn diagram of common targets between VC-related targets and
drug targets. B, herb-ingredient-common target network. White circles at the top and bottom of the figure represent single
herb, hexagons at the top and bottom of the figure with different colors represent the unique components of each herb, octagons
at the left and right of the figure with different colors represent the common components of several drugs, and light blue in the
middle represents the common target. The number after the letter has no special meaning, such as DGS13, DH9, just a kind of

mark of the ingredients.
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To be more specific, in this paper, the 183 over-
lapping targets were referred to as “common tar-
gets”, and most of the ensuing research was focu-
sed on them. To begin, the matching components
and herbs were discovered using those common
targets. Of those common targets, 31 components
and 8 herbs were linked (Figure 4B). Seven com-
ponents derived from HuangQi (HQ), seven com-
ponents from DanShen (DS), three from ShanYao
(SY), one from DaHuang (DH), one from Hon-
gHua (HH), one from MoHanLian (MHL), one
from FuLing (FL), one from DangShen (DGS),
and nine components from multiple herbs (Al-
AS, Bl, C1, C2, D1). White circles at the top and
bottom of Figure 4B represent single herbs, hexa-
gons with different colors at the top and bottom
of Figure 4B represent the unique components of
each herb, octagons with different colors at the
left and right of Figure 4B represent the common
components of several drugs, and light blue in
the middle represents the common targets. Table
III also displays the same components of multi-
ple herbs. Interestingly, quercetin, which is also
a component of four medicines used to treat VC,
is linked to 143 common targets. Although Be-
ta-sitosterol has just related 36 common targets,
it is the most frequent component of six herbs for
VC therapy. As a result, Mairin, Hederagenin,
Formononetin, Kaempferol, quercetin, Beta-sito-
sterol, Luteolin, Mandenol and beta-sitosterol are
considered promising substances for VC therapy
and will be studied further.

The Promising Therapeutic Mechanism
from GO and KEGG Enrichment Analysis
The medicinal targets and pathways of herbs
were the focus of subsequent investigation. GO
and KEGG pathway enrichment of common

targets was done to further find prospective tar-
gets and pathways in the treatment of VC using
Chinese herbs. There were 203 KEGG pathways
and 2,630 GO terms that were enhanced (Sup-
plementary Table IV and V). Figure 5A depi-
cts the top 20 KEGG pathways, demonstrating
that numerous pathways, such as “AGE-RAGE
signaling pathway in diabetic complications”,
“interleukin-17 (IL-17) signaling pathway”, and
“p53 signaling pathway”, may be implicated in
the therapeutic process of VC. Furthermore, Fi-
gure 5B shows the top ten GO terms from each
of the three categories, indicating that these tar-
gets were relevant to the physiological and pa-
thological processes of vascular disease, such
as smooth muscle adaption and oxidoreductase
activity.

All in all, the GO and KEGG enrichment
analysis indicated that smooth muscle adaptation
and oxidoreductase activity are the key two fun-
ctional modules that underpin the mechanism of
action of herbs in the treatment of VC, and “the
AGE-RAGE signaling pathway in diabetic com-
plications, the IL-17 signaling pathway, and the
pS3 signaling pathway” are the critical complex
bio-pathway network.

The Core Active Ingredients and Proteins
from PPl and PCIl Network Analysis

Although 183 common targets associated to
both herbs and VC have been discovered, and
their probable activities and pathways have
been validated, the most core therapeutic tar-
gets and ingredients, and the interaction betwe-
en proteins, as well as among ingredients and
proteins, remains unknown. Thus, PPI network
and PCI network were constructed by Cytosca-
pe software.

Table Ill. The most common component related to multiple herbs for VC treatment.

Symbol Mol ID Ingredient Common target Herbs
number
Al MOL000211 Mairin 1 HuangQi, DuZhong
A2 MOL000296  Hederagenin 22 HuangQi, FuLing
A3 MOL000392  Formononetin 34 HuangQi, GeGen
A4 MOL000422  Kaempferol 56 HuangQi, DuZhong, HongHua
AS MOLO000098  Quercetin 143 HuangQi, DuZhong, HongHua, MoHanLian
B1 MOLO000358  Beta-sitosterol 36 DaHuang, DangGui, DuZhong, HongHua,
ShanZhuYu, GeGen
D1 MOL000006  Luteolin 55 ChuanXiong,ShanZhuYu
Cl MOLO001494 Mandenol 3 DanShen,HongHua, MoHanLian, DangShen
D2 MOL002773 Beta-carotene 19 DuZhong, HongHua



https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-IV-7.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-IV-7.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-V-3.pdf

C. Yang, X. Peng, H.-Y. Liu, X.-Q. Li, G.-C. Rao, Z.-Y. Xie, Q.-F. Yang, L. Du, C.-G. Xie

A The top 20 of KEGG enrichment

Bladder cancer - @
Pancreatic cancer @
AGE- RAGE signaling pathway in diabetic complications 4 .

Apoptosis - multiple species .
Count

® 40
@® 60
@ =0
@ 0
@ 2

Non- small cell lung cancer - &
Prostate cancer

Platinum drug resistance A
Thyroid cancer 4

African trypanosomiasis 4

IL- 17 signaling pathway -

Small cell lung cancer+ - log10(pvalue)

p53 signaling pathway4 @

KEGG pathway

Malaria 4 40

Endometrial cancer- ¢ 30
Colorectal cancer

20
Endocrine resistance

ﬁ

Chronic myeloid leukemia 4
EGFR tyrosine kinase inhibitor resistance 4

Glioma-+{

Fluid shear stress and atherosclerosis-’

40 50 60 70 80
Rich factor

The GO enrichment

B positive regulation of calcidiol 1- monooxygenase activity -
cellular response to luteinizing hormone stimulus °
heat generation - °
glial cell apoptotic process 1 L
sympathetic neuron axon guidance 4
smooth muscle adaptation -
response to carbon monoxide -
negative regulation of epithelial cell differentiation involved in kidney development 4 ® 2
response to luteinizing hormone 4 [ ] . 40
positive regulation of transcription from RNA polymerase Il promoter in response to hypoxia - ‘ 60
nuclear envelope lumen 4 o . 80
serine- type peptidase complex{ @
apicolateral plasma membrane 4 &

dg

Count

L ]

GO rerm
ool

- log10(pval
caveola i thipebia]
cyclin- dependent protein kinase holoenzyme complex 4% 10

8

monooxygenase activity 1
estrogen 2- hydroxylase activity - i
protein heterodimerization activity 1 8 4
oxidoreductase activity, acting on paired donors, with incorporation or reduction of molecular oxygen - ? s
estrogen 16- alpha- hydroxylase activity 4
BH3 domain binding -
protein serine/threonine kinase activator activity -
cysteine- type endopeptidase activity involved in execution phase of apoptosis -
nitric- oxide synthase regulator activity 1
alcohol dehydrogenase activity, zinc- dependent -

ElL]

40 80 120 160
Rich factor

Figure 5. The GO and KEGG enrichment of common targets. A, The top 20 of KEGG pathway. B, The top 10 GO term of
cach of three categories.



Modular characteristics and mechanism of action of herbs for vascular calcification

PPI network

PPI serves critical functions in a variety of bio-
logical processes. Most proteins carry out their fun-
ctions by interacting with a large number of other
proteins. Degree Centrality (DC), Closeness Cen-
trality (CC), and Betweenness Centrality (BC) are
prominent tools for analyzing network structure.
These common proteins have intricate interactions
in the PPI network in our experiment (Figure 6A).
We first computed the BC, CC, and DC values for
all proteins (Supplementary Table VI), and then
sorted them independently. We next screened the
top 100 (DC>34, BC>40.22, CC>0.53), top 50
(DC>63, BC>136.64, CC>0.59), and top 10 protein
targets (DC>106, BC>633, CC>0.7). Notably, we
specifically ranked DC value, CC value, and BC
value individually, then chose the top 100, 50, and
10 of each item for intersection, accordingly. The
intersectional proteins among the top proteins in
each item individually, were ultimately counted
as the top hub proteins. As a result, a total of 83
proteins were obtained, which were not only the
top 100 proteins in BC terms, but also the top 100
proteins in DC items and the top 100 proteins in
CC items (Figure 6B). A total of 39 proteins were
obtained, which were not only the top 50 proteins
in BC terms, but also the top 50 proteins in DC
items and the top 50 proteins in CC items (Figure
6C). Also, a total of 7 proteins including AKTI,
CTNNBI, TNEF, EGFR, TP53, JUN and IL-6 were
acquired, which were not only the top 10 proteins
in BC terms, but also the top 10 proteins in DC
items and the top 10 proteins in CC items (Figure
6D). Thus, the seven proteins were determined to
be the most core therapeutic targets for VC therapy.

PCl network

Following that, the core ingredients obtained
above including Mairin, Hederagenin, Formono-
netin, Kaempferol, quercetin, Beta-sitosterol, Lu-
teolin, Mandenol and Beta-carotene were put into
the STITCH database to confirm the interaction
between protein and chemical. We only looked at
10 proteins that interacted with those chemical con-
stituents in this study. As a consequence, beta-sito-
sterol interacted with SREBF2, ABCGS8, ABCGS5,
APOE, DHCR24, CASP3, SREBFl, ABCBII,
ICAMI1 and CYP7ALI (Figure 7A), among those pro-
teins, CASP3 and ICAM1 were also the top 50 hub
proteins. Luteolin interacted with MAPKS, MMP9,
CASP3, JUN, FOS, CDK2, EGFR, SMAD2,
CCNA2 and AKT1 which all were the top 50 hub
proteins excepted SMAD2, CDK?2 and CCNA2 (Fi-
gure 7B). Beta-carotene interacted with BCMOL,

BCO2, RBP2, SCARBI, LOX, FNI, TMPRSSIID,
NR1I2, UQCRFSI and CYP1A1 (Figure 7C). Quer-
cetin was interacted with MCL1, CYP1BI, HCK,
PIM1, SLC2A2, CYP2C8, CYPIAI, ATP5B, HI-
BCH, STK17B (Figure 7D). Kaempferol interacted
with CDK1, NR112, UGT3A1, CYP1BI1, RPS6K A3,
AHR, UGT1A3, UGT1AS8, UGT1A7 and UGT1A9
(Figure 7E). Formononetin interacted with PDE4A,
UGT1A8, UGT1A7, UGT1A9, UGT1A10, UGT1Al,
CYP1A1, CASP8, CASP9, CASP3 (Figure 7F) and
CASPS8, CASP9 and CASP3 were the top 50 hub
proteins. Besides, zero proteins were predicted in-
teracting with Mairin and Mandenol. Only one pro-
tein, RNASE3, interacted with Hederagenin (Figure
7G).

In summary, among those core ingredients,
Formononetin and Luteolin were regarded as the
most core two ingredients, as they can interact
with more hub proteins.

The Binding Capability and Binding
Locations Among Core Therapeutic
Ingredients and Proteins from Molecular
Docking

As described above, the AKTI, CTNNBI,
TNF, EGFR, TP53, JUN and IL-6 were consi-
dered as the most core seven hub proteins, and
Formononetin and Luteolin were regarded as the
most central two ingredients. To further explain
the binding capability and binding locations
among those core proteins and ingredients, mole-
cular docking was performed.

In this work, among the core seven hub pro-
teins, we only selected AKT1 to do the molecular
docking. In addition, among the top 50 hub pro-
teins, CASP3 were also selected to do the molecular
docking. Two core target proteins, including AKT1
(PDB ID: 6HHF) and CASP3 (PDB ID: 1RHQ),
were conducted to do the molecular docking with
two key bioactive compounds that consisted of
Formononetin (MOL ID: MOL000392) and Lu-
teolin (MOL ID: MOL000006). The molecular
docking results displayed that all the protein-li-
gand groups showed binding energy < -6 kcal/
mol, which average binding energy were < -6.94
kcal/mol, the binding energy of AKT1-Formono-
netin was -7.32 kcal/mol (Figure 8A), the binding
energy of CASP3-Formononetin was -6.38 kcal/
mol (Figure 8B), the binding energy of AKTI1
and Luteolin was -7.43 kJ/mol (Figure 8C), and
the binding energy of CASP3-Luteolin was -6.63
kcal/mol (Figure 8D), suggesting that the binding
between the core targets proteins and the key bio-
active compounds was strong.
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Moreover, our results showed that the binding
energies of AKT1 and the two molecules were the
best, (-7.32 and -7.43 respectively), suggesting that
they may be the best choice for future experimental
verification. At last, we displayed the 3D docking
conditions between core two target proteins and
two key bioactive compounds in Figure 8.

Discussion

Vascular calcification (VC) is a distinct pre-
dictor of adverse cardiovascular events, and its
complex pathological processes are similar to
those of bone formation in many aspects. Despite
the considerable mortality of arterial calcification
in patients with metabolic disorders, there are no
established therapies®. Throughout its vast medi-
cal practice, TCM has evolved a distinct medical
system that includes prevention, diagnosis, and
treatment. Compounding Chinese medicine pro-
duces clinical benefits by focusing on certain tar-
gets or components. Thanks to the advancement
of Chinese herb pharmacology, several appro-
aches are now accessible to explore the delicate
interaction between the chemical system of the
TCM prescription and the biological system of the
human organism. This study attempted to explain
the “multi-ingredient, multi-target, and multi-pa-
thway” properties of Chinese herbs as well as the
molecular pathogenesis of VC using data mining
and network pharmacology. There were two pos-
sible outcomes: (1) As prospective possibilities
for VC-related ingredients and targets, seven of
the most critical proteins (AKT1, CTNNBI, TNF,
EGFR, TP53, JUN and IL-6) and two of the her-
bs’ most fundamental chemicals (Formononetin
and Luteolin) have been found. Furthermore, the
systematic administration of those active com-
ponents may provide useful information on pro-
spective combination therapy for the treatment of
VC. (2) The two functional modules that underpin
the mechanism of action of Chinese herbs in the
treatment of VC are smooth muscle adaptation
and oxidoreductase activity. This complex bio-pa-
thway network has three signaling pathways that
are critical to its function: the AGE-RAGE signa-
ling pathway in diabetic complications, the I1L-17
signaling pathway, and the p53 signaling pathway.

Numerous investigations'? conducted in re-
cent decades have demonstrated that vascular
calcification in both the intimal and medial layers
is an active, tightly controlled process that is pri-
marily driven by the vascular smooth muscle cell

(VSMCs). Besides, the internal elastic lamina is
thought to be the location of microcalcifications
(calcification in the atherosclerotic neointima),
which are believed to be triggered by apoptotic
smooth muscle cells or matrix vesicles released
by these cells*. Smooth muscle cells reprogram-
ming and differentiation to an osteoblast-like
phenotype, as well as the deposition of calci-
fying matrix vesicles produced by smooth mu-
scle cells in the arterial wall, are linked to the
pathophysiology of vascular intimal and medial
calcification®*. Smooth muscle cells apoptosis,
and disorders of calcium-phosphate homeostasis
that may develop as a result of disturbed hormo-
nal regulation of the system, all contribute to the
facilitation of VC processes"*. In a physiological
situation, smooth muscle (SM) myocytes produ-
ce a wide range of contractile proteins, such as
SM a-actin (SMaA), SM-22a, SM myosin heavy
chains SM-1 and SM-2, calponin, and smoothe-
lin?. They also proliferate slowly, are functionally
contractile, and respond to signals like acetylcho-
line and norepinephrine?***. However, SM cells
exhibit phenotypic plasticity and are not termi-
nally differentiated like other myocytes. When
exposed to local signals like damage, smooth mu-
scle cells can change their phenotype®. They are
able to downregulate contractile proteins, boost
proliferation, and modify the extracellular ma-
trix (ECM) to aid in migration. The emergence
of calcifying vesicles, down-regulation of mine-
ralization inhibitory molecules, and the creation
of a calcification-prone matrix are the hallmarks
of the transition from the contractile to the osteo/
chondrogenic phenotype?’. Loss of SM cells bio-
markers (SM22a and SM a-actin) and an increase
in osteochondrogenic signals [Runx2, SP7, oste-
opontin, osteocalcin, alkaline phosphatase (ALP),
Sox9, Type 1l and X collagen (Col II and Col X)]
are both associated with this phenotype®. It is
significant that many of these characteristics are
pathogenic and contribute to the development of
vascular disease®. Therefore, one of the key ap-
proaches for the therapy of VC involves targeting
the plasticity of smooth muscle cells. Fortunately,
the present research revealed that the main me-
chanism of Chinese herbs in treating VC is by
specifically connecting smooth muscle adaptation
(functional remodeling).

The role of phenotypic transformation of
SMCs in vascular calcification has been discussed
above. This highly controlled cellular phenotypic
switch can be triggered by abnormal mineral
homeostasis, and hyperglycemia with advanced
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glycation endproduct (AGE) accumulation, which
coincide with the clinical features of the high-risk
population for developing VC*. While AGE ac-
cumulation are sources of oxygen species (ROS)
abnormal increase in calcified VSMCs, vascular
calcification is significantly influenced by oxida-
tive stress induced by the excessive generation
of ROS¥. A vicious cycle of ROS accumulation
and increased apoptosis can also result from mi-
tochondrial injury, which can be accompanied
by further ROS leakage from the inner mito-
chondrial membrane®. Inflammation that follows
cytokine release driven on by oxidative stress can
assist in laying the groundwork for the develop-
ment of VC. Given the significance of ROS in the
pathophysiology of VC, antioxidants can be a pro-
mising therapeutic strategy for treating VC*%.
As in this study, the main mechanism of Chinese
herbs in treating VC is involved in oxidoreductase
activity (redox homeostasis modulating).
According to the literature, VC is a metabolic
disorder®. The pathways (the AGE-RAGE signa-
ling pathway in diabetic complications, the IL-
17 signaling pathway) found in this study are all
metabolic pathways, which are closely related to
vascular calcification. As mentioned above, AGEs
are mainly produced by hyperglycemia. Advan-
ced glycation end-products receptor (RAGE or
AGER), a member of the immunoglobulin super-
family and a pattern recognition receptor, is the
primary AGE receptor®?. VC, one of the complica-
tions of diabetes, can be triggered by AGE/RAGE
signaling pathway through activating a series of
intracellular signaling pathways, such as nico-
tinamide adenine dinucleotide phosphate (NA-
DPH) oxidase and protein kinase C**.The IL-17
is an extremely customizable pro-inflammatory
cytokine crucial for a range of processes, inclu-
ding host defense, tissue repair, and the pathoge-
nesis of inflammatory process*. This cytokine
has a significant impact on inflammation, but it
also plays an important role in regulating cellu-
lar and organismal metabolism*. Indeed, both the
physiological and the pathogenic elements of IL-
17 responses incorporate metabolic control. As a
result, it is anticipated that targeting IL-17 would
open up new therapeutic possibilities for a variety
of metabolic disorders™. A number of stress si-
gnals, including DNA damage, oxidative stress,
and activated oncogenes, cause p53 to become
active’’. We have already explored the signifi-
cance of high glucose-induced oxidative stress in
vascular calcification. As a gatekeeper, the tran-
scription factor p53 controls a wide range of genes
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to preserve regular cell processes. P53 expression
is increased in pathological cardiovascular condi-
tions in both patient samples and animal models.
In vascular disease, p53 is essential for carrying
out pathological processes and preserving phy-
siological function®. Additionally, research®® has
shown that controlling the p53 signaling pathway
helps preventing vascular calcification, and aids
in the treatment of VC.

Conclusions

A network pharmacology and data mining
approach were used to uncover the biochemi-
cal foundation and underlying processes of a
Chinese herb in the therapy of VC. A total of
190 active compounds and 183 common targets
across medication and VC, were obtained. In ad-
dition, we discovered seven most hub proteins
(AKTI1, CTNNBI, TNF, EGFR, TP53, JUN and
IL-6) and two of the herbs’ most fundamen-
tal ingredients (Formononetin and Luteolin) in
TCM-mediated VC suppression, and five critical
therapeutic pathways (smooth muscle adaption,
oxidoreductase activity, AGE-RAGE, 1L-17, and
p53) that are linked to Chinese herb therapy of
VC. It is worth noting that more experimental
confirmation of the aforementioned projected
outcomes is necessary in the future for their cli-
nical translational potential.
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