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Exploring the mechanism 
of Yixinyin for myocardial infarction 
by weighted co‑expression network 
and molecular docking
Mengqi Huo2,4, Lina Ma3,4 & Guoguo Liu1*

Yixinyin, the traditional Chinese medicine, has the effects of replenishing righteous qi, and promoting 
blood circulation to eliminate blood stagnation. It is often used to treat patients with acute myocardial 
infarction (MI). The purpose of our study is to explore the key components and targets of Yixinyin in 
the treatment of MI. In this study, we analyzed gene expression data and clinical information from 
248 samples of MI patients with the GSE34198, GSE29111 and GSE66360 data sets. By constructing a 
weighted gene co‑expression network, gene modules related to myocardial infarction are obtained. 
These modules can be mapped in Yixinyin PPI network. By integrating differential genes of healthy/
MI and unstable angina/MI, key targets of Yixinyin for the treatment of myocardial infarction were 
screened. We validated the key objectives with external data sets. GSEA analysis is used to identify the 
biological processes involved in key targets. Through molecular docking screening, active components 
that can combine with key targets in Yixinyin were obtained. In the treatment of myocardial 
infarction, we have obtained key targets of Yixinyin, which are ALDH2, C5AR1, FOS, IL1B, TLR2, 
TXNRD1. External data sets prove that they behave differently in the healthy and MI (P < 0.05). GSEA 
enrichment analysis revealed that they are mainly involved in pathways associated with myocardial 
infarction, such as viral myocarditis, VEGF signaling pathway and type I diabetes mellitus. The docking 
results showed that the components that can be combined with key targets in YixinYin are Supraene, 
Prostaglandin B1, isomucronulatol‑7,2′‑di‑O‑glucosiole, angusifolin B, Linolenic acid ethyl ester, and 
Mandenol. For that matter, they may be active ingredients of Yixinyin in treating MI. These findings 
provide a basis for the preliminary research of myocardial infarction therapy in traditional Chinese 
medicine and provide ideas for the design of related drugs.

Myocardial infarction (MI) is one of the most common diseases in clinical practice, and the incidence rate 
has increased significantly in recent  years1. Plaque rupture and subsequent thrombosis is the main cause of 
 symptoms2. Factors that contribute to plaque vulnerability include the size of the lipid core, the thickness and 
cell structure of the fibrous cap, and the severity of the inflammatory response. Excessive inflammation may 
aggravate heart remodeling and cause heart failure 3. The arterial wall response to injury can be induced by a 
variety of mechanisms, including infection, reactive oxygen species (ROS), oxidized low-density lipoprotein, 
and hemodynamic shear stress. In addition, smoking, diabetes, hypercholesterolemia and hypertension are 
recognized risk factors related to the occurrence and development of myocardial infarction 4. Clinical methods 
such as drug thrombolysis and coronary stent implantation are commonly used to treat myocardial infarction, 
but they can relieve symptoms to a certain extent, but cannot repair necrotic myocardial  tissue5.

Traditional Chinese medicine theory believes that Qi deficiency and blood stasis are the pathogenesis of 
patients with MI. Therefore, the treatment should be based on the adjustment of healthy Qi and the promotion of 
blood circulation. With the deepening of research on traditional Chinese medicine, more and more prescriptions 
are used for the treatment of patients with  MI6. Yixinyin has the effect of promoting blood circulation and remov-
ing blood stasis, and is clinically used in the treatment of patients with  MI7. Studies have shown that after patients 
are treated with Yixinyin, the plasma hsCRP, Fib and D-dimer levels are lower than those of the control group, 
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and there is a significant difference in data between the groups (P < 0.05)8. Liu’s research showed that chest tight-
ness, chest pain score and serum TC, TG, LDL-C, apoB, and LP(a) levels of patients after treatment with Yixinyin 
were significantly lower than before treatment. The levels of HDL-C and apoA1 were significantly higher than 
before treatment. The differences were statistically significant (P < 0.05)9. The Salvia miltiorrhiza (Danshen) in 
the prescription can expand the coronary artery and resist platelet aggregation, thereby inhibiting the formation 
of  thrombus10. Furthermoe, the Ligusticum chuanxiong hort (Chuanxiong) and Dalbergia odorifera (Jiangxiang) 
can effectively improve microcirculation and reduce blood  viscosity11,12; Astragalus mongholicus(Huangqi), 
Pueraria lobata(Gegen), Pseudostellaria sylvatica (Taizishen) can promote blood circulation as well. It effectively 
reduces the body’s inflammatory response, and restores the balance between the body’s coagulation system and 
fibrinolytic  system13–15. In addition, the prescription also contains Ophiopogon japonicus (Maidong), fried Gly-
cyrrhiza uralensis Fisch (Zhigancao), Allium macrostemon Bunge. (Xiebai), Schisandra chinensis (Turcz.) Baill. 
(Wuweizi) and Shell of Trichosanthes kirilowii (Gualoupi). Unlike the synthetic drugs, which generally produce 
their efficacy based on the theory of one drug and one target, the efficacy of TCMs relies on the comprehensive 
effects of multiple compounds, multiple targets, and multiple  pathways16. Therefore, it is difficult to discover the 
key components and targets of Yixinyin in the treatment of MI from the molecular level.

In recent years, researchers have studied the pathogenesis of MI in order to find more available  treatments16. 
Network pharmacology is a commonly-used technology for analyzing the mechanism of traditional Chinese 
medicine from the compound molecules and  targets17. In human biological networks, genes in the same path-
way will manifest a tendency of co-expression. This also suggests that these genes may have similar biological 
functions. The weighted gene co-expression network is a collection of genes with these similar functions into 
 modules18. With this feature, gene functions can be annotated and the biological processes involved in the 
module can be further revealed. This is of great significance to the study of the mechanism of Yixinyin in the 
treatment of MI.

In previous studies, PPI networks were often divided into modules based on the heterogeneity of the scale-free 
 network19,20. These methods allow researchers to get more tightly connected modules in the network topology. 
However, in practical applications, we prefer to divide modules with tighter connections in biological  functions21. 
The weighted gene co-expression network can modularize genes with similar functions and link them to clinical 
sample  information22. As a result, we screened the genetic modules closely related to the clinical information 
in patients with MI, and combined these modules with the PPI network of Yixinyin. It preserves the biological 
significance of the module and removes redundant data from the PPI network, thus making the results more 
 accurate23.

In this study, we constructed a weighted gene co-expression network of MI samples based on the GSE34198, 
GSE29111 and GSE66360 data sets. Key gene modules closely related to clinical information are screened. After-
ward, they are mapped to Yixinyin PPI network. By integrating the differential genes of healthy/MI patients and 
unstable angina (UA)/MI, key targets of Yixinyin for the treatment of MI were screened. In addition, these genes 
were confirmed to be differentially expressed in the GSE97320 data set. The main active substances in Yixinyin 
were obtained by docking. These findings may provide a new perspective for Yixinyin’s treatment of MI. The 
flow chart of the whole research process is shown in Fig. 1.

Figure 1.  The flow chart of the whole research process.
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Results
Acquisition of MI samples. The gene expression profiles of three data sets were downloaded from the GEO 
database. GSE34198, GSE29111, and GSE66360 contain a total of 248 samples and 33810 genes. Among them, 
GSE34198 included 49 MI and 48 control samples; GSE29111 contains 36 UA and 16 MI samples; GSE66360 
contains 49 MI and 50 control samples.

Identification of co‑expression gene modules. There are 97 samples in the GSE34198 data set. The 
data were combined and converted into expression matrix that contain 24,612 genes. A total of 2264 genes in the 
top 25% of variance were selected for WGCNA. The clinical phenotype data include gender, age, BMI, sbp, dbp, 
diabetes status, smoking status, acei, betablockers, diuretics, Ca blockers, statins, fibrates and other medication, 
as shown in Table S1 and Fig. 2B. We identify outliers based on the distance of sample clustering. The cutHeight 
is set to 85,000 to eliminate three obvious outliers (GSM843945, GSM843912, GSM843889) (Fig. 2A). Subse-
quently, the remaining 94 samples were background-corrected, standardized and polymerized to obtain a gene 
expression matrix. The soft threshold should be the smallest integer when the fitting coefficient R2 reaches 0.9, 
so that the constructed gene co-expression network can conform to the characteristics of the scale-free network. 
We choose β=12 as the soft threshold for this study (Fig. 2C). The dynamic tree cutting algorithm and the hclust 
function merge highly similar modules, and finally a clustering dendrogram can be obtained (Fig. 2D).

A total of 21 gene modules were identified in this study. The gray modules are gene sets that cannot be col-
lected in other modules. The correlation between these modules and the phenotype (gender, age, BMI, sbp, dbp, 
diabetes status, and so on) is calculated based on the characteristic vectors of each module, as shown in Fig. 2E. 
The heat map illustrates that Black, midnightblue, and yellow are significantly negatively correlated with gender 

Figure 2.  Drawing weighted gene co expression network of MI based on WGCNA package of R 3.5.1 software 
(https:// www.r- proje ct. org/). (A) Three outliers are removed from the hierarchical clustering graph. (B) 
Hierarchical clustering graph of samples. The orange in the figure represents the phenotype, and the color depth 
represents the value of the item. (C) Analysis of the scale-free fit index for various soft-thresholding powers 
(β), 12 was the most fit power value. (D) The cluster dendrogram of genes in GSE34198. Each branch in the 
figure represents one gene, and every color below represents one co-expression module. (E) Heat map of the 
relationship between the characteristic genes of modules and MI. Correlation coefficient along with P value in 
parenthesis underneath. Color-coded according to correlation coefficient (legend at right).

https://www.r-project.org/
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(cor = − 0.32, P = 0.002, cor = − 0.33, P = 0.001, cor = − 0.41, P < 0.001). Pink has a significant negative correla-
tion with age (cor = − 0.36, P < 0.001). Blue was significantly negatively correlated with diabetes status (cor = 
− 0.30, P = 0.004). Greenyellow and salmon were significantly negatively correlated with smoking (cor = − 0.37, 
P < 0.001, cor = − 0.32, P = 0.002), however, they were significantly positively correlated with BMI (cor = 0.30, P 
= 0.003, cor = 0.29, P = 0.005). Greenyellow was significantly positively correlated with betablockers (cor = 0.30, 
P = 0.003). Darkred was significantly positively correlated with fibrates (cor = 0.33, P = 0.001).

A total of 169 component molecules and 717 Yixinyin targets were obtained from the Chinese medicine 
database. Afterwards, the PPI between the targets is imported into the Cytoscape to build Yixin’s PPI network. 
The network contains 581 nodes and 4137 edges, as shown in Fig. S1. The figure is drawn by cytoscpe 3.7.0 
software (https:// cytos cape. org/). The weighted gene co-expression network of MI is mapped to the Yixinyin 
PPI network, and the PPI network of Yixinyin is obtained for MI treatment. It contains a total of 64 nodes and 
249 edges (Fig. 3).

Analysis of differentially expressed genes. A total of 390 DEGs were obtained in the GSE66360 data 
set. Compared with control group samples, there are 310 mRNA expressions in MI samples illustrated an up-
regulation trend, and 80 mRNA expressions show a down-regulation trend (Fig. 4A,B). Besides, a total of 277 
DEGs were screened out in the GSE29111 data set. Compared with the UA group, 121 mRNA expressions of 
MI samples presented an upward-regulated trend, and 156 mRNA expressions showed a downward-regulated 
trend (Fig. 4C,D). This figure is drawn by the sangerbox platform (http:// sange rbox. com/ Tool24. We have drawn 
volcano maps of the two datasets respectively. Genes and samples with the same or similar expression behavior 
are gathered and drawn into heat maps.

DEGs in two datasets were analyzed by metascape. The results are shown in Figure 5. Up regulated genes 
in GSE66360 are significantly enriched in myeloid leukocyte activation, inflammatory response, response to 
bacterium, leukocyte migration, regulation of cytokine production. Down regulated genes in GSE66360 are 
significantly enriched in endoderm formation, chemokine receptors bind chemokines, PID IL12 2PATHWAY, 
alpha-beta T cell activation. Up regulated genes in GSE29111 are significantly enriched in phagocytosis, engulf-
ment, platelet degranulation, Serotonergic synapse, retina homeostasis, positive regulation of reproductive pro-
cess. Down regulated genes in GSE29111 are significantly enriched in Class A/1 (Rhodopsin-like receptors), 
cornification, regulation of leukocyte migration, GABA receptor Signaling, Arp2/3 complex-mediated actin 
nucleation. The detailed results are shown in Table S2.

Identification of key genes. We take the mapped PPI network module with the intersection of the dif-
ferential genes of GSE29111 and GSE66360. The genes in the cross-region are selected as key genes. As shown 
in Fig. 6, the above procedure is drawn as a Venn diagram. There are 7 genes in the intersection between the 
mapped network module and GSE66360, which are ALDH2, IL1B, TLR2, C5AR1, FOS, THBD and ACSL1. 
There are 2 genes in the intersection between the mapped network module and GSE29111, which are E2F2 and 
TXNRD1. Therefore, these genes in the cross-region are considered as key genes.

Verification of key genes based on external data sets. We downloaded the GSE97320 dataset in the 
GEO database to verify key genes. As shown in Fig. 7, the expressions of ALDH2, IL1B, TLR2, C5AR1, FOS, 

Figure 3.  Constructing network based on Cytoscape 3.7.0. (https:// cytos cape. org/). Module diagram of MI 
weighted gene co-expression network mapped to Yixinyin PPI network. The different colors in the figure 
represent the corresponding modules. The black line represents the PPI relationship between the nodes.

https://cytoscape.org/
http://sangerbox.com/Tool
https://cytoscape.org/
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THBD, ACSL1, E2F2, and TXNRD1 in MI samples were significantly higher than those in control samples. This 
is consistent with the results we analyzed in the GSE34198, GSE29111 and GSE66360 data sets.

GSEA analysis of key genes. We divided the samples into high expression groups and low expres-
sion groups based on the expression of key genes. Key genes are up-regulated in GSE29111, GSE66360, and 
GSE97320. Therefore, we used GSEA analysis to obtain pathways related to the high expression group. There 
are 8 pathways regulated by the high expression group of key genes. They are viral myocarditis, type I diabetes 
mellitus, O glycan biosynthesis, VEGF signaling pathway, FC gamma r mediated phagocytosis, natural killer 
cell mediated cytotoxicity, N glycan biosynthesis, glycosaminoglycan biosynthesis chondroitin sulfate (Fig. 8).

Identification of potentially active compounds. A total of 169 astragalus components were obtained 
through the TCMSP database, and the component information is shown in Table S3. Only the proteins corre-
sponding to ALDH2, C5AR1, IL1B, FOS, TLR2, and TXNRD1 have crystal structures that can be used, so we 
selected the above 6 targets for molecular docking. The crystal structures with PDB codes 3INL, 5O9H, 5R88, 
1FOS, 2Z7X, 2J3N were selected as the docking models of ALDH2, C5AR1, IL1B, FOS, TLR2, TXNRD1(Table 1 
and Fig. 9A–F). The figure is drawn using the SYBYL-X 2.0 software (Tripos, St. Louis, MO)25. All components 

Figure 4.  DEGs identified based on GEO database. This figure is drawn by the sangerbox platform (http:// 
sange rbox. com/ Tool). (A) In the GSE66360 data set, the volcano map of mRNA expression values between MI 
samples and control samples. Red is up-regulated genes, and blue is down-regulated genes. (B) In the GSE66360 
data set, hierarchical clustering heat map of DEGs. (C) In the GSE29111 data set, the volcano map of mRNA 
expression values between MI samples and UA samples. Red is up-regulated genes, and blue is down-regulated 
genes. (D) In the GSE29111 data set, hierarchical clustering heat map of DEGs.

http://sangerbox.com/Tool
http://sangerbox.com/Tool
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are sequentially docked with ALDH2, C5AR1, IL1B, FOS, TLR2 and TXNRD1 to obtain the corresponding 
binding free energy. The docking results of all compounds and targets are shown in Table S4.

Mechanism network of Yixinyin in treating MI. As shown in Fig. 10, for each target, we only selected 
the top ten components, and drew the Yixinyin-component-target-pathway network diagram.The figure is 

Figure 5.  Enrichment analysis of DEGs based on metascape database (https:// metas cape. org/ gp/ index. html#/ 
main/ step1). (A) Enrichment analysis results of down regulated genes in GSE66360. (B) Enrichment analysis 
results of up regulated genes in GSE66360. (C) Enrichment analysis results of up regulated genes in GSE29111. 
(D) Enrichment analysis results of down regulated genes in GSE29111.

Figure 6.  Venn diagram of genes screened based on GSE34198, GSE29111, Yixinyin PPI and WGCNA.

Figure 7.  Box plot of expression values of ALDH2, IL1B, TLR2, C5AR1, FOS, THBD, ACSL1, E2F2, TXNRD1 
in MI and control samples. *Represents P < 0.05. This figure is drawn by the sangerbox platform (http:// sange 
rbox. com/ Tool).

https://metascape.org/gp/index.html#/main/step1
https://metascape.org/gp/index.html#/main/step1
http://sangerbox.com/Tool
http://sangerbox.com/Tool
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Figure 8.  Enrichment analysis of key genes in high expression group based on GSEA 4.0.3 software (http:// 
softw are. broad insti tute. org/ gsea/ downl oads. jsp).

Table 1.  Protein crystal information and the score of the best binding compounds.

Key genes Receptor PDB ID Ligand Total score

ALDH2 ALDH2 3INL MOL001506 12.1100

C5AR1 C5AR1 5O9H MOL007651 8.1762

IL1B IL1 beta 5R88 MOL009235 6.4750

FOS c-FOS 1FOS MOL000439 7.6386

TLR2 TLR2 2Z7X MOL007197 11.0697

TXNRD1 TRXR1 2J3N MOL001494 5.2476

http://software.broadinstitute.org/gsea/downloads.jsp
http://software.broadinstitute.org/gsea/downloads.jsp


8

Vol:.(1234567890)

Scientific Reports |        (2021) 11:22567  | https://doi.org/10.1038/s41598-021-01691-8

www.nature.com/scientificreports/

Figure 9.  The complex model of ligand and receptor as well as their interactions. The figure is drawn using the 
SYBYL-X 2.0 software (Tripos, St. Louis, MO). (A) The best combination with ALDH2 is Supraene. (B) The best 
combination with C5AR1 is prostaglandin B1. (C) The best combination with c-Fos is isomucronulatol-7,2’-di-
O-glucosiole. (D) The best combination with IL1 beta is angusifolin B. (E) The best combination with TLR2 is 
Linolenic acid ethyl ester. (F) The best combination with TRXR1 is Mandenol.

Figure 10.  Yixinyin-component-target-pathway network diagram. The figure is drawn by cytoscpe 3.7.0 
software (https:// cytos cape. org/). The red node represents the herb in Yixinyin. The green node represents the 
compounds in Yixinyin. The pink node represents the key gene. The blue node represents the pathway they 
participate in.

https://cytoscape.org/
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drawn by cytoscpe 3.7.0 software (https:// cytos cape. org/). As shown in Fig.  9A–F, we show the interaction 
between the compound with the highest score and the target. The best combination with ALDH2 is Supraene. 
The best combination with C5AR1 is prostaglandin B1. The best combination with c-Fos is isomucronulatol-
7,2′-di-O-glucosiole. The best combination with IL1 beta is angusifolin B. The best combination with TLR2 is 
Linolenic acid ethyl ester. The best combination with TRXR1 is Mandenol. There are also some ingredients that 
have good binding effects with multiple targets, such as senkyunone, isomucronulatol-7, 2’-di-O-glucosiole, 
Supraene, 1-Monolinolein, Linolenic acid ethyl ester, Ethyl linoleate. According to the network diagram, we 
found that every Chinese medicine in Yixinyin has active components that bind to key targets. This result shows 
that the ingredients in the prescription are synergistic and participate in the treatment of MI.

Discussion
In this study, we analyzed the gene expression data of 248 MI and control samples. Throughout the analysis of 
weighted gene co-expression network, 21 co-expressed gene modules were obtained. They are mapped in the 
PPI network to obtain the gene modules of Yixinyin to treat MI. By the integration of the DEGs of healthy/
MI and unstable angina/MI, the potential targets of Yixinyin for the treatment of MI (ALDH2, C5AR1, CFOS, 
IL1B, TLR2, TRXR1) have been obtained. External data sets have also verified the significance of these targets. 
GSEA analysis indicates that the high expression groups of ALDH2, C5AR1, CFOS, IL1B, TLR2, TRXR1 jointly 
participate in the pathways of viral myocarditis, VEGF signaling pathway and type I diabetes mellitus associ-
ated with MI.

Toll-like receptor-2 (TLR2) is an essential protein molecule involved in non-specific immunity. It is apparent 
drawn from studies that by activating the nuclear factor κB and up-regulating interleukin-1β (IL1B), TLR2 can 
induce the proliferation of cardiomyocyte hypertrophy, fibroblasts and vascular endothelial cell proliferation. 
MiR-499 and other miRNAs are involved in ischemic myocardial protection. This protection may be achieved 
by the inhibition of TLR2 and the reduction of inflammatory cytokine release (including IL-1β and IL-6). These 
effects eventually lead to a dropping in the area of  MI26. Therefore, regulating TLR2 signal may provide a new 
treatment strategy for heart failure. Mitochondrial aldehyde dehydrogenase (ALDH2) is a key enzyme that pro-
tects the heart during ischemia and reperfusion. Experiments have shown that both protein kinase C ε (PKCε) 
agonists and ethanol can increase ALDH2 during cardiac ischemia in mice. Therefore, its high expression in 
patients with MI may be a protective effect of the human  body27. The activation of ALDH2 enzyme can reduce 
the differentiation of cardiac fibroblasts. This may be a promising strategy to alleviate myocardial fibrosis, and 
thus develop the cardioprotective drugs like ALDH2  activators28. Alda-1 is the first ALDH2 activator discovered, 
and its cardioprotective effect is widely recognized in vivo29. FOS is the coding gene of c-fos. After the coronary 
artery conjunctiva in rats, the expression of miR-101a/b in the peri-infarct area decreased. c-Fos was found to be 
the target of miR-101a. After silencing c-Fos, cardiac function has improved  notably30. Some clinical trials have 
shown that postprandial hyperglycemia makes a difference in the occurrence and development of MI. Hyper-
glycemia can induce c-fos gene expression. For that matter, inhibiting the expression of c-fos may become a new 
treatment strategy for  MI31,32. Studies have shown that in the absence of C5aR1, the levels of IL-1 beta and IL-6 
decreased in the plasma of mice with cardiac insufficiency are reduced. IL-1 beta and IL-6 are closely related to 
the development of  MI33. Hence, inhibiting the expression of C5aR1 is conducive to the reduction of the risk of 
MI. There has been no report about Yixinyin treating MI through these targets.

We discovered some potential active compounds in Yixinyin through docking. Studies have shown that 
squalene has a protective effect on rats with MI induced by isoproterenol. Its protective effect on the heart is 
attributed to its ability to reduce the release of hydrolase or to strengthen the myocardial membrane through its 
antioxidant properties against free  radicals34. Linolenic acid ethyl ester is a derivative of linolenic acid and has 
similar physiological effects to linolenic acid. Studies have shown that linolenic acid is associated with a lower 
risk of acute myocardial infarction. Eating vegetable oils rich in linolenic acid can have an important protective 
effect on the cardiovascular  system35. Ethyl linoleate is a derivative of linoleic acid and has similar physiological 
effects to linoleic acid. The combined administration of linoleic acid and nitrite can play a cardioprotective effect 
in the event of MI. It can reduce the level of hydrogen peroxide and significantly change the activity of myocardial 
mitochondrial respiration and electron transport  chain36. It was found that the 1-Monolinolein may be the key 
compound for the hemostatic effect of Cortex Moutan. It is involved in related pathways of complement, coagula-
tion cascade and platelet  activation37. At present, there is no research on the compounds such as angusifolin B, 
isomucronulatol-7,2′-di-O-glucosiole, Mandenol, senkyunone in the treatment of MI. They may be potentially 
active compounds, which need to be further verified through pharmacological experiments.

In this study, we obtained gene modules related to MI by constructing a weighted gene co-expression network. 
As a result, the resulting modules have a better connection in biological functions. After that, we mapped the 
gene modules to the PPI network of Yixinyin, and screened out the key genes. These key genes are not only the 
potential targets of Yixinyin, but also closely related to MI. Compared with the direct construction of Yixinyin 
PPI network, this method can better integrate the transcriptome data of the disease, making the research results 
more  concentrated38. Admittedly, our approach also has a certain limitation. Due to factors such as experimental 
cost and social ethics, the number of patient samples experienced in this study is very  limited39. In addition, our 
research lacks the validation of animal or cell experiments. In future research, we will conduct perform phar-
macodynamic analysis of potential ingredients, and biologically validate potential key genes through in vivo 
and in vitro experiments.

https://cytoscape.org/
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Materials and methods
Data download and preprocessing. In this study, in order to discover genes related to MI, we down-
loaded the GSE66360 data set containing samples of MI patients and healthy controls. In addition, recurrent 
unstable angina (UA; clinical symptoms of cardiac ischemia without myocardial necrosis) is a common develop-
ment process of MI (clinical symptoms of cardiac ischemia with myocardial necrosis). Therefore, we also down-
loaded GSE29111 which contains samples of UA and MI. Further, in order to explore the relationship between 
clinical characteristics of MI patients and gene modules, we downloaded the GSE34198 data set containing 
complete clinical information. All three data sets come from the GEO database (https:// www. ncbi. nlm. nih. gov/ 
geo/40. The data need to be pre-processed prior to analysis, including the extraction of clinical information from 
samples based on the Illumina human-6 v2.0 expression beadchip and Affymetrix Human Genome U133 Plus 
2.0 Array platforms, the construction of a gene expression matrix, and the conversion of probe names into gene 
names. The study population consisted of patients aged 18–80 years old of both sexes who presented to one of 
fve San Diego County medical centers with the diagnosis of acute myocardial infarction (AMI). Healthy control 
patients between the ages of 18 and 35 without a history of chronic disease and diseased control patients (with 
known but stable cardiovascular disease) of between the ages of 18–80 years old were recruited to outpatient 
clinical centers afliated with Te Scripps Translational Science Institute (STSI) through which Institutional Review 
Board (IRB) approval for all aspects of this study was obtained. All experiments were performed in accordance 
with relevant guidelines and regulations. Recruitment of all patients occurred from February 2008 through July 
2014, and experiments were conducted with patient samples in phases as separate cohorts. Informed consent 
was obtained from all subjects in this study.

Construction of weighted gene co‑expression network. The GSE34198 data set with relatively com-
plete clinical information was selected for weighted gene co-expression network analysis (WGCNA). The top 
25% of the genes in the variance are used for subsequent calculations (i.e., the genes that have significantly 
changed in each sample are selected). The gene expression matrix performs the process of missing value (delet-
ing genes with more missing values) and the elimination of outliers. The gene expression data of the remaining 
samples are used to construct a weighted gene co-expression network. According to the standard of the scaleless 
network, the appropriate weighting factor β is selected. The above process can be implemented by taking advan-
tage of the pickSoftThreshold and softConnectivity function in the WGCNA package. The correlation between 
genes is calculated based on topological overlap (topological matrix, TOM). After that, a Dynamic Tree Cut is 
performed to divide the gene modules. The hclust function is used to merge highly similar modules for cluster-
ing dents. In this regard, the size of minimum module is set to 10 and a gene tree diagram is  drawn41.

The gene module is then associated with the clinical feature, and the significance of the p value is calculated to 
obtain the gene significance (GS). It represents the correlation between genes and phenotypes. For each module, 
we define module membership (MM) as the correlation of module eigengene and the gene expression profile. 
We select modules that are highly correlated with the phenotypic characteristics of MI.

PPI network of Yixinyin in the treatment of MI. The component data of Yixinyin stems from the 
Chinese Medicine System Pharmacology Database (TCMSP, http:// ibts. hkbu. edu. hk/ LSP/ tcmsp. php42. The oral 
bioavailability (OB) and drug-like properties (DL) related to ADME are used to screen the active ingredients 
of Yixinyin. The screening criteria are: OB≥30% and DL≥0.1843. In addition, the target data of Yixinyin comes 
from the TCMSP database, the Encyclopedia of Traditional Chinese Medicine (ETCM, http:// www. nrc. ac. cn: 
9090/ ETCM/) and the BATMAN database (BATMAN, http:// bionet. ncpsb. org/ batman- tcm/)44,45. The PPI data 
between Yixinyin targets comes from the string database (https:// string- db. org46. The PPI data with confidence 
level greater than 0.7 are imported into the Cytoscape 3.7.0 software (https:// cytos cape. org/) to build the Yix-
inyin PPI  network47.

Taking the PPI network of Yixinyin as the background, the gene modules obtained in the MI WGCNA are 
mapped into it. The Uniprot database (https:// www. unipr ot. org/) is used for the conversion of gene names and 
target  names48. Therefore, the coexpression data based on WGCNA automatically divides the PPI network into 
multiple modules.

key genes of Yixinyin in treating MI. In order to further clarify the genetic differences between patients 
with MI and the control group, we used the limma package in the R 3.5.0 software to analyze the differentially 
expressed genes for MI and the control group in the GSE66360 data set. Heat map and volcano map using 
sangerbox platform(http:// sange rbox. com/ Tool)24. The screening criterion is that |log2(fold change)| > 1 and P < 
0.05 are differentially expressed genes (DEGs). Among them, log2(fold change) > 1 is marked as an up-regulated 
gene; log2(fold change) < − 1 is marked as a down-regulated gene. It is not the DEG that does not meet the above 
criteria. Similarly, we also screened the DEGs for UA and MI in the GSE29111 data set. In order to identify the 
biological functions of DEGs, this study mapped genes to the online website metascape (https:// metas cape. 
org/ gp/ index. html#/ main/ step1) for condensed  analysis49. The entries with P<0.05 are considered statistically 
significant.

Based on the co-expression between genes, we divided the Yixinyin PPI network into modules. Specifically, 
the mapping gene module reflects the main PPI mechanism for the Yixinyin in treating MI. If nodes in the 
module network are differentially expressed between patients and healthy samples, or differentially expressed 
in UA and MI, they may be the primary regulatory targets of Yixinyin for the treatment of MI. Therefore, in 
order to screen for key genes, we take the intersection of the mapped network module and DEGs, where in the 
cross-region genes are selected as the key genes.

https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
http://ibts.hkbu.edu.hk/LSP/tcmsp.php
http://www.nrc.ac.cn:9090/ETCM/
http://www.nrc.ac.cn:9090/ETCM/
http://bionet.ncpsb.org/batman-tcm/
https://string-db.org
https://cytoscape.org/
https://www.uniprot.org/
http://sangerbox.com/Tool
https://metascape.org/gp/index.html#/main/step1
https://metascape.org/gp/index.html#/main/step1
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Verification of key genes based on external data sets. We downloaded the GSE97320 dataset in the 
GEO database to verify key genes. The expression data of key genes are extracted to evaluate whether they are 
differentially expressed between MI and control group.

GSEA analysis of key genes. In order to identify the biological processes involved in key genes at dif-
ferent expression levels, we divided the samples into high expression group and low expression group on the 
basis of expression values of key genes analyzed by GSEA Enrichment. The expression matrix of key genes in 
GSE97320 is used as an annotation file for sample grouping. Import the above files into GSEA 4.0.3 and select 
the c2.cp.kegg.v7.0.symbols.gmt data set in the msigdb database as the reference gene set. The cut off values of 
gene set enrichment are NOM p-val < 0.05 and FDR q-val < 0.25.

Molecular docking. The 3D structure of all molecules in Yixinyin is downloaded from the PubChem data-
base (https:// pubch em. ncbi. nlm. nih. gov/50. The 3D structure of proteins corresponding to key genes is down-
loaded from the PDB protein database (http:// www. rcsb. org/ pdb/ home/ home. do51. We prefer a crystal structure 
that is compounded with the appropriate ligand and has a higher  resolution52. The SYBYL-X 2.0 package (Tripos, 
St. Louis, MO) is used to connect Yixinyin ingredients and key  proteins25. Before docking simulation, all ligands 
are removed from the protein-receptor complex and polar hydrogen atoms and charges are added. Finally, the 
compound is docked to the target by using a semi-flexible docking method.

Conclusions
In this study, we analyzed the gene expression data from 248 MI and control samples, and screened and 
obtained the key genes of ALDH2, C5AR1, FOS, IL1B, TLR2, TXNRD1, which are also differentially expressed 
in GSE29111 and GSE66360. This result has been validated in an external data set. The ingredients in Yixinyin 
that can be combined with these targets are Supraene, Prostaglandin B1, isomucronulatol-7,2′-di-O-glucosiole, 
angusifolin B, Linolenic acid ethyl ester, and Mandenol, and they may be the active ingredients in Yixinyin. These 
findings provide a basis for the preliminary research in the treatment of MI with traditional Chinese medicine, 
as well as the crucial ideas for the design of related drugs.

Data availability
The datasets supporting the conclusions of this article are included within the article and its additional files.

Received: 25 May 2021; Accepted: 5 October 2021

References
 1. French, J. et al. Troponin measurements, myocardial infarction diagnoses and outcomes: An analysis of linked data from New 

South Wales Australia. Intern. Med. J. 50(5), 550–555 (2020).
 2. Parmar, M. Antihypertensive treatment, insulin resistance and risk of myocardial infarction. BMJ 326(7391), 681 (2021).
 3. Wang, Y. et al. Acute bilateral coronary artery thrombosis and myocardial infarction in a 25-year-old man after long-term oral 

clozapine treatment. J. Clin. Psychopharmacol. 40, 84–86 (2020).
 4. Miller, R., Thomson, L., Levine, R., Dimbil, S. J. & Tamarappoo, B. Quantitative myocardial tissue characterization by cardiac 

magnetic resonance in heart transplant patients with suspected cardiac rejection. Clin. Transpl. 33, 10 (2019).
 5. Alonzo, M., Delgado, M., Cleetus, C., Kumar, S. A. & Joddar, B. Methods for histological characterization of cryo-induced myo-

cardial infarction in a rat model. Acta Histochem. 122, 7 (2020).
 6. Wang, D., Wang, P., Zhang, R. & Xi, X. Efficacy and safety of Xuefu Zhuyu decoction combined with Western medicine for angina 

pectoris in coronary heart disease: A protocol for systematic review and meta-analysis. Medicine 99(50), e23195 (2020).
 7. Wang, X. L., Bai, L., Chen, L. P. & Jun, Y. I. Protective effect of Yixinyin on myocardial ischemia-reperfusion injuries. Pharm. J. 

Chinese People Liberat. Army (2005).
 8. Ridker, P. M. Inflammatory biomarkers and risks of myocardial infarction, stroke, diabetes, and total mortality: Implications for 

longevity. Nutr. Rev. 3, S253–S259 (2010).
 9. Tao, H. et al. Regulation of serum lipidomics and amino acid profiles of rats with acute myocardial ischemia by Salvia miltiorrhiza 

and Panax notoginseng herb pair. Phytomedicine 67, 1–10 (2020).
 10. Liu, H., Li, P., Lin, J., Chen, W. & Lin, B. Danhong Huayu Koufuye prevents venous thrombosis through antiinflammation via 

Sirtuin 1/NF-κB signaling pathway. J. Ethnopharmacol. 241, 111975 (2019).
 11. Xiangsheng, Z., Canhong, W., Hui, M., Zhangxin, M. & Yang, J. Dalbergia odorifera: A review of its traditional uses, phytochemistry, 

pharmacology, and quality control. J. Ethnopharmacol. 1, 112328–112328 (2019).
 12. Zheng, Q. et al. Ligustrazine exerts cardioprotection in animal models of myocardial ischemia/reperfusion injury: Preclinical 

evidence and possible mechanisms. Front. Pharmacol. 9, 729 (2018).
 13. Su, H., Shaker, S., Kuang, Y., Zhang, M. & Qiao, X. Phytochemistry and cardiovascular protective effects of Huang (Astragali Radix). 

Med. Res. Rev. 41, 1999 (2021).
 14. Wang, S., Zhang, S., Wang, S., Gao, P. & Dai, L. A comprehensive review on Pueraria: Insights on its chemistry and medicinal 

value. Biomed. Pharmacother. 131, 110734 (2020).
 15. Lu, F., Yang, H., Lin, S. D., Zhao, L. & Pang, W. S. Cyclic peptide extracts derived from Pseudostellaria heterophylla ameliorates 

COPD via regulation of the TLR4/MyD88 pathway proteins. Front. Pharmacol. 11, 850 (2020).
 16. Yin, L., Tang, Y. & Jiang, M. Research on the circular RNA bioinformatics in patients with acute myocardial infarction. J. Clin. Lab. 

Anal. 35, 2 (2020).
 17. Peyvandi, H., Peyvandi, A. A., Safaei, A., Azodi, M. Z. & Rezaei-Tavirani, M. Introducing potential key proteins and pathways in 

human laryngeal cancer: A system biology approach. Iran. J. Pharm. Res. 17(1), 415–425 (2018).
 18. Li, X., He, Y., Hao, C., Li, X. & Li, X. Weighted gene correlation network analysis (WGCNA) reveals novel regulatory modules 

associated with recurrent early pregnancy loss. Biosci. Rep. 40, 6 (2020).
 19. Gan, Y., Zheng, S., Baak, J. P. A., Zhao, S. & Fu, C. Prediction of the anti-inflammatory mechanisms of curcumin by module-based 

protein interaction network analysis. Acta Pharm. Sin. B 5(6), 590–595 (2015).

https://pubchem.ncbi.nlm.nih.gov/
http://www.rcsb.org/pdb/home/home.do


12

Vol:.(1234567890)

Scientific Reports |        (2021) 11:22567  | https://doi.org/10.1038/s41598-021-01691-8

www.nature.com/scientificreports/

 20. Wang, J. et al. ClusterViz: A cytoscape APP for cluster analysis of biological network. IEEE/ACM Trans. Comput. Biol. Bioinform. 
12, 815–822 (2014).

 21. Wang, Z. & Zhang, J. In search of the biological significance of modular structures in protein networks. PLoS Comput. Biol. 3(7), 
e107 (2007).

 22. Pei, G. WGCNA application to proteomic and metabolomic data analysis. Methods Enzymol. 1, 135–158 (2017).
 23. Liu, G., Wong, L. & Chua, H. N. J. B. Complex discovery from weighted PPI networks. Bioinformatics 25(15), 1891–1897 (2009).
 24. Lz, A., Zl, A., Yang, D. A. & Lk, B. E2F2 drives glioma progression via PI3K/AKT in a PFKFB4-dependent manner. Life Sci. 276, 

119412 (2021).
 25. Patil, V., Noonikara-Poyil, A., Joshi, S. D., Patil, S. A. & Bugarin, A. Synthesis, molecular docking studies, and in vitro evaluation 

of 1,3,5-triazine derivatives as promising antimicrobial agents. J. Mol. Struct. 1220, 128687 (2020).
 26. Zhang, Z. et al. Ischemic postconditioning attenuates the inflammatory response in ischemia/reperfusion myocardium by upregu-

lating miR499 and inhibiting TLR2 activation. Mol. Med. Reports 22, 209–218 (2020).
 27. Marino, A. & Levi, R. Salvaging the ischemic heart: Gi-coupled receptors in mast cells activate a PKCε/ALDH2 pathway providing 

anti-RAS Cardioprotection. Curr. Med. Chem. 1, 1–10 (1969).
 28. ALDH2 activation inhibited cardiac fibroblast-to-myofibroblast transformation via the TGF-β1/Smad signaling pathway. J. Car-

diovasc. Pharmacol. (2019).
 29. Belmont-Díaz, J. A., Yoval-Sánchez, B., Da, L. F. C. C., Vázquez, J. P. P. & Rodríguez-Zavala, J. Alda-1 modulates the kinetic proper-

ties of mitochondrial aldehyde dehydrogenase (ALDH2). FEBS J. 283, 3637 (2016).
 30. Pan, Z., Sun, X., Shan, H., Ning, W. & Yang, B. MicroRNA-101 inhibited postinfarct cardiac fibrosis and improved left ventricular 

compliance via the FBJ osteosarcoma oncogene/transforming growth factor-β1 pathway. Circulation 126(7), 840–850 (2012).
 31. Amp, K. I. & Ohyanagi, M. Hyperglycemia induced cell growth and gene expression via the serum response element through 

RhoA and Rho-kinase in vascular smooth muscle cells. Prep. Biochem. Biotechnol. 40(2), 139–151 (2010).
 32. Yu, W. A. et al. TLR4 participates in sympathetic hyperactivity Post-MI in the PVN by regulating NF-κB pathway and ROS produc-

tion. Redox Biol. 24, 1–10 (2021).
 33. Kalbitz, M., Fattahi, F., Grailer, J. J., Jajou, L. & Ward, P. A. Complement-induced activation of the cardiac NLRP3 inflammasome 

in sepsis. FASEB J. 30, 12 (2016).
 34. Farvin, K., Surendraraj, A. & Anandan, R. Protective effect of squalene on certain lysosomal hydrolases and free amino acids in 

isoprenaline-induced myocardial infarction in rats. Int. J. Pharmacol. 6(2), 97–103 (2010).
 35. Roizen, M. Alpha-linolenic acid and risk of nonfatal acute myocardial infarction. Yearbook Anesthesiol. Pain Manag. 2009, 170–171 

(2009).
 36. Hoose, P. V., Kelm, N. Q., Piell, K. M. & Cole, M. P. Conjugated linoleic acid and nitrite attenuate mitochondrial dysfunction during 

myocardial ischemia. J. Nutr. Biochem. 34, 8–16 (2016).
 37. Thi, H. N. et al. Antimicrobial and cytotoxic properties of bioactive metabolites produced by streptomyces cavourensis YBQ59 

isolated from Cinnamomum cassia Prels in Yen Bai Province of Vietnam. Curr. Microbiol. 75, 1247–1255 (2018).
 38. Dong, K. F., Huo, M. Q., Sun, H. Y., Li, T. K. & Li, D. In the treatment of laryngeal cancer based on gene co-expression network 

and molecular docking. Sci. Rep. 1, 1–10 (2021).
 39. Fan, Y., Zheng, Y., Silva, J. & Yu, X. Comparative transcriptomics and WGCNA reveal candidate genes involved in petaloid stamens 

in Paeonia lactiflora. J. Horticult. Sci. Biotechnol. 1, 1–16 (2021).
 40. Tanya, B. et al. NCBI GEO: Aarchive for functional genomics data sets–10 years on. Nucleic Acids Res. 39, 1005–1010 (2013).
 41. Zhou, X. G. et al. Therapy, identifying miRNA and gene modules of colon cancer associated with pathological stage by weighted 

gene co-expression network analysis. Onco Targets 11, 2815–2830 (2021).
 42. Ru, J. et al. TCMSP: a database of systems pharmacology for drug discovery from herbal medicines. J. Cheminform. 6(1), 13 (2014).
 43. Zhang, W., Chen, Y., Jiang, H., Yang, J. & Xu, H. Integrated strategy for accurately screening biomarkers based on metabolomics 

coupled with network pharmacology. Talanta 211, 120710 (2020).
 44. Hai-Yu, X. et al. ETCM: An encyclopaedia of traditional Chinese medicine. Nucleic Acids Res. D1, 12 (2018).
 45. Liu, Z. et al. BATMAN-TCM: A bioinformatics analysis tool for molecular mechanism of traditional Chinese medicine. Sci. Rep. 

6, 21146 (2016).
 46. Damian, S. et al. STRING v10: Protein-protein interaction networks, integrated over the tree of life. Nucleic Acids Res. 43, D447 

(2015).
 47. Smoot, M. E., Keiichiro, O., Johannes, R., Peng-Liang, W. & Trey, I. Cytoscape 28: new features for data integration and network 

visualization. Bioinformatics 27, 431–432 (2011).
 48. Consortium, U.P. UniProt: A hub for protein information. Nucleic Acids Res. D1, 204–212 (2015).
 49. Yingyao, Z. et al. Metascape provides a biologist-oriented resource for the analysis of systems-level datasets. Nat. Commun. 10, 

1–10 (2019).
 50. Wang, Y. et al. A public information system for analyzing bioactivities of small molecules. PubChem 2, 1–10 (2009).
 51. Sussman, J. L. et al. Protein data bank (PDB): Database of three-dimensional structural information of biological macromolecules. 

Acta Crystallogr. A 54(6–1), 1078–1084 (2010).
 52. Krissinel, E. & Henrick, K. Inference of macromolecular assemblies from crystalline state. J. Mol. Biol. 372(3), 774–797 (2007).

Acknowledgements
This research was funded by Guangxi administration of traditional Chinese medicine Guangxi appropriate 
technology development and promotion project, grant number GZSY20-65.

Author contributions
Conceptualization, M.H. and L.M.; methodology, M.H.; software, M.H.; validation, M.H. and L.M.; formal 
analysis, M.H.; investigation, L.M.; resources, G.L.; data curation, L.M.; writing—original draft preparation, 
M.H.; writing—review and editing, G.L. and L.M.; visualization, M.H.; supervision, L.M.; project administra-
tion, G.L.; funding acquisition, G.L. All authors have read and agreed to the published version of the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 021- 01691-8.

Correspondence and requests for materials should be addressed to G.L.

https://doi.org/10.1038/s41598-021-01691-8
https://doi.org/10.1038/s41598-021-01691-8


13

Vol.:(0123456789)

Scientific Reports |        (2021) 11:22567  | https://doi.org/10.1038/s41598-021-01691-8

www.nature.com/scientificreports/

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021, corrected publication 2021

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Exploring the mechanism of Yixinyin for myocardial infarction by weighted co-expression network and molecular docking
	Results
	Acquisition of MI samples. 
	Identification of co-expression gene modules. 
	Analysis of differentially expressed genes. 
	Identification of key genes. 
	Verification of key genes based on external data sets. 
	GSEA analysis of key genes. 
	Identification of potentially active compounds. 
	Mechanism network of Yixinyin in treating MI. 

	Discussion
	Materials and methods
	Data download and preprocessing. 
	Construction of weighted gene co-expression network. 
	PPI network of Yixinyin in the treatment of MI. 
	key genes of Yixinyin in treating MI. 
	Verification of key genes based on external data sets. 
	GSEA analysis of key genes. 
	Molecular docking. 

	Conclusions
	References
	Acknowledgements


