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Abstract: In order to explore the possible mechanism of cryptotanshinone (CTS) in the
treatment of Kashin-beck disease (KBD) based on network pharmacology, we obtained CTS
drug targets from TCMSP, CTD and DGIdb databases, and we searched Genecard, TTD,
OMIM and Dragbank databases with "KBD" as the keyword to obtain the disease target of
KBD. Drug-disease gene interaction was performed in Venny2.1.0 to obtain the intersection
target. String database and Cytoscape 3.7.1 were used for protein-protein interaction network
(PPI) analysis, and DAVID database was used for GO enrichment and KEGG enrichment
pathway analysis. The "drug-target-pathway-disease™ network diagram was constructed by
Cytoscape. Resultly, a total of 10 key targets were selected, 125 items in 3 directions were
obtained by GO enrichment analysis, and 34 signaling pathways were obtained by KEGG
enrichment analysis. In conclusion, through network pharmacological analysis, CTS can treat
KBD through multi-target and multi-pathway.

1. Introduction

Kaschin-beck disease is a kind of chronic and endemic orthopedic disease, and its early injury is
mainly reflected in cartilage injury [1]. Deep necrosis of epiphysis, epip- hysis plates, and articular
cartilage occurs during childhood and adolescence. Clinical manifestations usually include joint pain,
enlargement, bone growth retardation or deformity [2]. The disability rate of KBD is very high, and
the living standards of the patients have been greatly reduced, which brings great burden to patients
and their families [3]. In the course of treatment of Kashin-beck disease, there is still no specific drug
that can alleviate the disease progression. Therefore, it is crucial to explore effective prevention and
treatment of Kashin-beck disease drugs, improve the affected joints and improve the quality of life
of patients. Screening from natural plants may be a good choice to improve the pain of KBD and ease
the progression of the disease.

Salvia miltiorrhiza is a natural herbal medicine commonly used in clinic in China. It is used for a
variety of orthopedic diseases, including fractures, arthritis and osteoporosis [4-6]. Studies have found



that salvia miltiorrhiza can inhibit oxidative damage, inflammatory mediators, protect OA cartilage,
reduce pain, and ease the development of OA disease [7]. CTS is a fat-soluble active component of
salvia miltiorrhiza. Experiments have shown that CTS can inhibit IL-1Binduced chondrocyte
inflammation, effectively inhibit OA cartilage destruction, relieve OA pain, and delay the progression
of OA disease [8]. In order to explore whether CTS can also inhibit cartilage destruction and relieve
pain in KBD, and predict which targets and pathways through which CTS can treat KBD, combined
with the rapidly developing and mature network pharmacology in recent years [9], explore the main
targets and pathways involved in the treatment of KBD by CTS, and provide reference for related
experiments and treatments.

2. Manuscript Preparation
2.1. Collection of cryptotanshinone targets

We searched for "Cryptotanshinone™ in the Traditional Chinese Medicine Systems Pharmacology
Database and Analysis Platform(TCMSP, https:// tCMspw.com/) and Comparative Toxicogenomics
Database (CTD, http://ctdbase.org/) and The Drug Gene Interaction Database Database (DGldb,
https://www.dgidb.org/). And we exported the results, and obtained the CTS target after summary
and de-duplication. The CTS targets were processed through the Uniprot database
(https://www.uniprot.org/), the target protein names were converted from the gene names, and the
final key drug targets were obtained.

2.2. KBD disease target collection

We searched "Kashin beck-diseases" for KBD disease targets in Genecard database (https://www.
genecards. org/), Dragbank database (https://go. drugbank. com/), OMIM database (https://omim.
org/), disgenet Database (https://www. disgenet. org/). The above four targets was sorted and gained
by the database to heavy, after entering the standard gene name in the Uniprot database.

2.3. Screening of common targets of drugs and diseases

After drawing tools, we imported targets of KBD and targets of CTS into venny2.1
(https://bioinfogp.cnb.csic.es/tools/venny/index.html/), and then we built Wayne figure, CTS and
KBD intersection targets.

2.4. Construction of PPI diagram

The PPl was constructed in the String database (https://www. string-db. org/). The "Multiple
Protein™ option was selected, the intersection target was entered, the Protein attribute was selected as
"Homo Protein”, and the lowest interaction threshold was selected as Medium Confidence (0. 400)
for integration and evaluation. The result is imported into Cytoscape3.7.1 software to obtain a PPI
visual network diagram.

2.5. Bioprocess enrichment and pathway enrichment analysis of the effects of CTS on KBD
targets

We imported intersection targets into DAVID database (https://david. ncifcrf. gov/), selected the
"OFFICIAL GENE SUMBOL", species selection for "Homo sapiens”. The analysis Tool was
selected as "Functional Annotation Tool", and Gene Ontoloy (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment analysis. Screening by P<0.05, and in the online mapping
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http://ctdbase.org/)and

software microscopic letter (http://www. bioinformatics. com. cn/), we drew up the corresponding
graph.

3. Results
3.1. CTS drug targets and KBD disease targets

The chemical structure of CTS is shown in Figure 1. CTS were retrieved through TCMSP, CTD
and DGIdb databases, and the results were sorted and de-duplicated into Uniprot database for target-
gene matching. A total of 67 targets were obtained. KBD disease prediction targets were retrieved
from GeneCard, Disgenet, OMIM and Dragbank databases, and 707 potential targets were obtained
after integration and de-duplication. VENNY2.1, an online mapping tool, was used to interact drug
prediction targets and potential disease targets, and 10 intersecting targets (see Table 1) and Wayne
diagram (see Figure 2) were obtained.

Figure 1: Chemical structure diagram of CTS
Table 1: Intersection table of CTS and KBD target genes

No. Protein names Gene names Uniprot ID
1 Tumor necrosis factor TNF P01375
2 Caspase-3 CASP3 P42574
3 Catenin beta-1 CTNNB1 P35222
4 Glycogen synthase kinase-3 beta GSK3B P49841
5 Amyloid-beta precursor protein APP P05067
6 | Mothers against decapentaplegic homolog 3 SMAD3 P84022
7 Prostaglandin G/H synthase 2 PTGS2 Q05769
8 Prostaglandin G/H synthase 1 PTGS1 P22437
9 Epidermal growth factor receptor EGFR P00533
10 Sequestosome-1 SQSTM1 Q13501

KDB

57

Figure 2: Venn intersection diagram of target proteins of KBD-CTS
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3.2. PPI network analysis

The intersection target was imported into the String database, and the biological selection was
Homo sapiens. Importing the result from the string database into cyto- scape3.7.1 gives a network
diagram with 10 nodes and 37 edges. Node size and color are positively correlated with Degree value.
Line thickness and color are positively correlated with the Combined score value, as shown in Figure
3.

TNF

PTGS2

CTNNB1

Figure 3: PPI network
3.3. GO enrichment and KEGG enrichment analysis

10 targets were imported into the DAVID database for GO and KEGG enrichment analysis. By
screening out P<0.05, the GO function items were divided into 94 biological process (BP), 10 Cellular
component (CC) and 21 Molecular function (MF) items. Screening before 10, respectively, using
microscopic letter online mapping software (http://www.bioinformatics.com.cn/) make analysis
diagram, as shown in Figure 4. GO functional analysis is divided into three parts. In BP, it mainly
involves apoptosis reaction, nitric oxide biosynthesis, protein phosphorylation, peptide serine
phosphorylation and so on. CC mainly involves cytoplasm, nucleus, cell membrane, etc. CC mainly
involves peroxidase synthase activity, B-catenin and protein kinase binding in prostaglandins.
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Figure 4: GO functional enrichment analysis
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KEGG enrichment analysis was obtained, and 34 signaling pathways were obtained after P<0.05
screening. The first 20 KEGG signaling pathways were selected for visu- al analysis on
microbiosignals as well, as shown in Figure 5. KEGG enriched target genes mainly showed 20
signaling pathways, including neurodegenerative disease pa- thways (7 targets, 70%), human
cytomegalovirus infection (6 targets, 60%), and hum- an papillomavirus infection (6 targets, 60%).
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Figure 5: Analysis of KEGG enrichment pathway
3.4. Construct a ""drug-target-pathway-disease’ network analysis diagram

Based on the 10 intersection targets of CTS and KBD and the screening out of the KEGG
enrichment pathway associated with KBD, the "drug-target-pathway-disease” network was
constructed via cytoscape, as shown in Figure 6. There are 19 nodes and 41 edges. The higher the
Degree, the darker the color, the larger the graph. The "drug-target-pathway-disease” network
diagram clearly shows that CTS can treat KBD with multiple targets and multiple pathways.
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Figure 6: Network analysis diagram of "drug-target-pathway-disease"
4. Discussion

From the analysis of PPI network, the Degree values of PTGS2, TNF and CASP3 ranked the top
three. TNF is mainly secreted by macrophages [10], which can induce the generation and spread of
many inflammations, and even cause the metabolic disorders of chondrocytes [11], leading to



cartilage destruction, which may exacerbate the development of KBD. Prostaglandin peroxidase
synthase 2 is a key enzyme in prostaglandin biosynthesis, and non-steroidal anti-inflammatory drugs
(NSAID) usually use PTGS2/COX-2 as a pathway of action [12]. NSAID have become the
mainstream drugs in the treatment of KBD, playing a huge role in the treatment of KBD [13,14].
Caspase-3 is usually a landmark product of chondrocyte apoptosis, which can evaluate the degree of
injury of chondrocytes [15], and the expression of caspase-3 protease can aggravate the apoptosis of
chondrocytes.

According to the analysis of the "drug-target-pathway-disease" network diagram, CTS can also
regulate the progression of KBD in chondrocytes through Hippo, Wnt and MAPK signaling pathway.
Whnt/B-catenin pathway is involved in different pathophysiological processes of KBD, and
overexpression in chondrocytes can lead to cartilage degeneration, chondrocyte hypertrophy and
matrix protease expression [16]. In addition to cartilage, synovial membrane and subchondral bone
are also target tissues of Wnt pathway, and the injury of these joint structures can aggravate the
progression of KBD disease. The Hippo signaling pathway mainly regulates the self-renewal of stem
cells, organ morphology and tissue regeneration by regulating cell proliferation and differentiation
[17]. The high expression of YAP1 in its downstream can inhibit chondrocyte differentiation. The
downregulation of YAP1 is conducive to the maintenance of normal chondrocytes [18]. MAPK
signaling pathway plays an important role in macrophage activation and cartilage degradation [19].
Lps-induced polarization of M1 macrophages and iNOS expression are both involved in MAPK
signaling pathway [20,21]. Cartilage injury and synovial injury can promote the development of KBD.

In summary, the mechanism of action and feasibility of CTS in the treatment of KBD were
explored through network pharmacology, indicating that CTS can treat KBD with multiple targets
and multiple pathways, providing certain basis and reference for the treatment of KBD by CTS.
However, the above results and speculation are based on relevant databases, which are still updated
constantly, and there are algorithm differences among the processing software, which lacks basic
experimental verification and needs further experimental verification.
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