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Background: Non-segmental vitiligo is a common decolorized skin disease. The purpose of this study was to reveal the active
components of Sijunzi decoction (SJZD) and the target genes for the treatment of non-segmental vitiligo.

Methods: Based on TCMSP and GEO databases, effective components and targets of SJZD in the treatment of non-segmental vitiligo
were revealed by network pharmacology. GO and KEGG were used to analyze the biological functions of SJZD targets. The
Cytoscape-cytoHubba plugin was used to identify hub target genes. SSGSEA method was used to analyze the infiltration level of
immune cells in non-segmental vitiligo. Molecular docking was performed to predict the interaction between active compounds and
hub target genes. Finally, real-time PCR detection was also performed.

Results: It was found that 104 active compounds may be effective ingredients in the treatment of non-segmental vitiligo. These 104
compounds acted on 42 differentially expressed target genes. KEGG analysis showed that target genes were significantly enriched in
immune-related pathways such as MAPK and TNF signaling pathways. A total of 6 hub target genes (AKT1, CASP3, PPARG, SIRT1,
TNF and TP53) were identified using the Cytoscape-cytoHubba plugin. Molecular docking showed that active compounds quercetin,
kaempferol, formononetin and naringenin had good binding to hub target genes. We also found that Type 2 T helper cells, CD56bright
natural killer cell and CD56dim natural killer cell infiltration levels were abnormal in non-segmental vitiligo and correlated with AKT1.
Conclusion: The results of this study indicate that quercetin, kaempferol, formononetin and naringenin in SJZD may play an
important role in the treatment of non-segmental vitiligo by acting on AKT1, CASP3, PPARG, SIRT1, TNF and TP53 to regulate
immune cell infiltration and multiple signaling pathways.
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Introduction

Vitiligo is a common depigmentation skin disease that causes white spots and patches on the body due to a lack of
pigment cells in the epidermis.’ Two forms of the disease are well recognised: segmental and non-segmental vitiligo (the
commonest form).> Non-segmental vitiligo is associated with innate immune activation, inflammasome activation,
oxidative stress, and loss of melanocyte adhesion.® In addition to the physical effects of vitiligo, it is more likely to
cause psychological trauma. Drug therapy, phototherapy and surgery are commonly used in the treatment of vitiligo.*
Due to non-segmental vitiligo is prone to relapse,” the current treatment is still not ideal. Therefore, it is necessary to

constantly explore new therapeutic methods.
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Sijunzi decoction (SJZD) is a traditional Chinese medicine. SJZD is composed of four kinds of Chinese herbal
medicines: ginseng, poria, atractylodes and licorice.’ Crude polysaccharide (SJZDP), polysaccharide fraction (S-3) and
homogeneous polysaccharide (S-3-AG) separated from SJZD have immune-enhancing effects, and may have different
immune regulation effects on intestinal immunity, specific immunity and non-specific immunity due to their different
monosaccharide compositions.” Mechanism of action study has shown that SJZD can enhance the immune function of
mice by regulating the janus kinase (JAK)-signal transducer and activator of transcription (STAT) signaling pathway.®
SJZD may also help reduce intestinal injury after burns and prevent intestinal bacterial translocation.” The pectin
polysaccharide in SJZD can also promote the antioxidant defense of SW480 cells.'” So far, no studies have found
SJZD in the treatment of skin diseases, including vitiligo. Exploring the potential therapeutic effect of SJZD on non-
segmental vitiligo is not only conducive to deepening the understanding of the medicinal value of SJZD, but also
pioneering new therapeutic drugs for the treatment of vitiligo.

Network pharmacology integrates systemic biology and pharmacology to promote drug development and reveal
potential treatment mechanism. In addition, network pharmacology is particularly concerned about complex “drug-gene-
target-disease” interactive network.'' Molecular docking technology is used to place small-molecule ligands in the
binding region of macromolecular receptors through computer simulation and predict the binding energy (binding
affinity) and binding mode (conformation) of the two by calculating physical and chemical parameters.'> Then, find
the conformation with the lowest binding energy for ligand and receptor. The smaller the binding energy, the more stable
the binding between ligand and receptor. Binding energy less than —5.0 kJ/mol (Note: —5.0 kJ/mol = —1.19423 kcal/mol)
is the basis for screening candidate targets of active ingredients.'*'* Molecular docking has become an important tool to
help understand how compounds interact with their molecular targets and for drug discovery and development.'> In this
study, we explored the multi-target mechanism of SJZD in the treatment of non-segmental vitiligo based on network
pharmacology and molecular docking. In addition, immune correlation analysis and receiver operating characteristic
(ROC) analysis were performed for hub target genes.

Materials and Methods
Screening of SJZD Active Compounds and Target Genes

SJZD includes four medicinal materials, namely ginseng, poria, atractylodes and licorice. The compounds contained in the
four medicinal materials were screened out using the TCMSP database (http:/Isp.nwu.edu.cn/tcmsp.php). Then, active

compounds with therapeutic efficacy are selected by absorption, distribution, metabolism and excretion (ADME).
Screening indicators were set as oral bioavailability (OB) >30% and drug-likeness (DL) >0.18."*™'® The target genes of
active compounds are screened out in TCMSP, and the selected target genes must be annotated by DrugBank database (https://
www.drugbank.ca/) or validated. Meanwhile, target genes were normalized using UniProt database (https://www.uniprot.org/).

Screening of Non-Segmental Vitiligo Datasets and ldentification of Differentially
Expressed Genes (DEGs)

In this study, GSE65127 datasets were selected from Gene Expression Omnibus (GEO) database (https:/www.ncbi.nlm.
nih.gov/geo/). The GSE65127 dataset contains skin tissue sample data from 10 non-segmental vitiligo patients and 10

healthy controls. The gene expression matrices in the GSE65127 was downloaded and annotated by GPL570 platform
annotation file. Convert gene probes to gene symbols. Multiple probes corresponding to the same gene were averaged.
The limma package was used for differential expression analysis. The screening criteria for DEGs were set P <0.05 and |
log2 fold change | (|log2FC|) >0.1. Subsequently, drug target genes were intersected with DEGs to obtain differentially
expressed target genes related to non-segmental vitiligo.

Functional Enrichment Analysis of Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG)

GO includes three ontologies, namely molecular function (MF), cellular component (CC) and biological process (BP)."
KEGG is a database for systematic analysis of gene function.”® To understand the possible functions involved in drug
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target genes and non-segmental vitiligo related differentially expressed target genes, GO and KEGG functional enrich-
ment analyses were performed based on the David database. False discovery rate (FDR) <0.05 was considered
statistically significant.

Construction of Drug-Compound-Gene-Disease Network

Active compounds acting on differentially expressed target genes were selected. Subsequently, complex networks are
constructed based on interactions between medicinal materials, compounds, differentially expressed target genes, and
non-segmental vitiligo. Cytoscape v3.7.2 was used to visualize the drug-compound-gene-disease network.

Identification of Multicentric Hub Genes

A protein-protein interaction (PPI) network of differentially expressed target genes was constructed based on STRING
database and imported into Cytoscape for visualization. The cytoHubba plugin in Cytoscape software includes 11
topological analysis methods, Degree, Edge Percolated Component (EPC), Maximum Neighborhood Component
(MNC), Density of Maximum Neighborhood Component (DMNC), Maximal Clique Centrality (MCC), Bottleneck,
EcCentricity, Closeness, Radiality, Betweenness and Stress.2! Seven methods (Betweenness, Closeness, Degree, EPC,
MCC, MNC and Stress) in cytoHubba plug-in were used to screen the PPI network. The top 10 node genes scored by
each method were selected, and then multicentric hub genes were screened by the UpSet package. Subsequently, receiver
operating characteristic (ROC) analysis of hub gene was performed using pROC package to determine the diagnostic
accuracy. The area under the curve (AUC) was used to assess accuracy. AUC >0.7 indicated that the gene had better
diagnostic accuracy.*?

Infiltration of Immune Cells

Gene sets marking each immune cell type were obtained from Charoentong’s study.”® The ssGSEA algorithm was used to
quantify the relative abundance of each immune cell infiltration in the immune microenvironment (IME). The Wilcoxon
test was used to compare the difference in immune cell infiltration between non-segmental vitiligo group and normal
control group. Subsequently, the correlation between multicentric hub genes and immune cell infiltration was also
analyzed.

Molecular Docking

To investigate the interaction relationship between compounds and hub genes, we performed molecular docking studies
to explore the binding activity of the two. 3D structure files of hub gene proteins and compounds were downloaded from
RCSB PDB (http://www.rcsb.org/pdb/home/home.do) and TCMSP databases, respectively. Protein receptors were first
treated with water molecule removal in PyMol,** followed by hydrogenation and other pretreatments in

AutoDockTools.”> The compounds were also preprocessed in AutoDockTools. Then, molecular docking calculations
were performed and the results were visualized using PyMol.

Real-Time PCR Detection

Non-segmental vitiligo is also more common in children.?® Children with vitiligo were often accompanied by anxiety,
inferiority and depression. Therefore, the parents of these children are eager to seek treatment to alleviate their children’s
pain. Blood samples from 21 children (7 control blood samples, 7 non-segmental vitiligo blood samples and 7 non-
segmental vitiligo blood samples treated with SJZD) treated in our hospital were collected for real-time PCR. Total RNA
of blood samples was extracted by RNAliquid overspeed whole blood (liquid samples) total RNA extraction kit (Beijing
HT-biotech Co., Ltd., RN2602, China). Then, reverse transcription and real-time PCR detection were performed using
the FastKing cDNA First Strand Synthesis Kit (TIANGEN, KR116, China) and SuperReal PreMix Plus (SYBR Green)
(TIANGEN, FP205, China), respectively. Subsequently, a real-time PCR detection program was run using a Model Gene-
9660 quantitative PCR instrument. The 2 **“' method was used for relative quantitative analysis of expression data.?’
GAPDH and ACTB were used as reference genes.
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Statistical Analysis

The limma package was used to screen DEGs in vitiligo based on P <0.05 and |log2FC| >0.1. GO and KEGG functional
enrichment analyses were also performed based on the David database. FDR <0.05 was considered statistically
significant. In addition, Wilcoxon test was used to compare the difference in immune cell infiltration between non-
segmental vitiligo group and normal control group. In real-time PCR, #-test was used to evaluate the statistical
significance.

Results
Mining and Screening of Active Compounds and Target Genes of SJZD

Totally, 135 compounds were found in SJZD. Among the 135 compounds, 22 were from ginseng, 15 were from poria, 7
were from atractylodes, and 92 were from licorice. The compound kaempferol is found in both licorice and ginseng.
Totally, 252 target genes were obtained after annotation and standardization in DrugBank and UniProt databases. Top 10
active compounds with the number of target genes are shown in Table 1, among which 2-[(3R)-8,8-dimethyl-3,4-dihydro-
2H-pyrano[6,5-f]chromen-3-yl]-5-methoxyphenol and stigmasterol have the same number of target genes. In the CC term
of GO analysis, the target genes were mainly distributed in cytosol, plasma membrane, cytoplasm and nucleus. In the MF
term of GO analysis, the target genes were mainly involved in protein binding and identical protein binding. In the BP
term of GO analysis, the target genes were mainly involved in positive regulation of transcription from RNA polymerase
II promoter, signal transduction and positive regulation of transcription, DNA-templated (Figure 1A). KEGG enrichment
analysis revealed that target genes were enriched in a variety of immune signaling pathways (Figure 1B). These results
indicate that SJZD contains multiple compounds that synergistically regulate multiple pathways by acting on multiple
target genes.

|dentification of Differentially Expressed Target Genes Related to Non-Segmental
Vitiligo

In the GSE65127 dataset, 3187 DEGs were identified in non-segmental vitiligo patients according to P <0.05 and |
log2FC| >0.1. Among them, 1663 DEGs were up-regulated and 1,524 DEGs were down-regulated. The volcano and heat
map of DEGs are shown in Figure 2A and B. Subsequently, drug target genes were intersected with DEGs, and 42
differentially expressed target genes related to non-segmental vitiligo were obtained (Figure 2C). In the CC term of GO
analysis, the differentially expressed target genes were mainly distributed in cytoplasm, nucleoplasm and nucleus. In the
MF term of GO analysis, the differentially expressed target genes were mainly involved in protein binding and identical
protein binding. In the BP term of GO analysis, the differentially expressed target genes were mainly involved in positive

Table | Top 10 Active Compounds with the Number of Target Genes

Molecule ID Molecule Name OB (%) DL Herb Number of Target Genes
MOL000098 Quercetin 46.43 0.28 Licorice 198
MOL000422 Kaempferol 41.88 0.24 | Licorice, Ginseng 63
MOL003896 7-Methoxy-2-methyl isoflavone 42.56 0.20 Licorice 43
MOL000392 Formononetin 69.67 0.21 Licorice 39
MOL000358 Beta-sitosterol 3691 0.75 Ginseng 38
MOL000354 Isorhamnetin 49.60 0.31 Licorice 37
MOL004328 Naringenin 59.29 0.21 Licorice 37
MOL002565 Medicarpin 49.22 0.34 Licorice 34
MOL000497 Licochalcone a 40.79 0.29 Licorice 32
MOL000449 Stigmasterol 43.83 0.76 Ginseng 31
MOL004978 2-[(3R)-8,8-dimethyl-3,4-dihydro-2H-pyrano[6,5-f] 36.21 0.52 Licorice 31
chromen-3-yl]-5-methoxyphenol

Abbreviations: OB, oral bioavailability; DL, drug-likeness.
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Figure | Functional enrichment analysis of target genes of active compounds. (A) Bubble plot of the top 10 terms of CC, MF and BP in the GO functional enrichment of
target genes; (B) Top 10 signaling pathways in KEGG functional enrichment of target genes.

Abbreviations: BP, biological process; CC, cellular component; MF, molecular function; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; FDR,
false discovery rate.
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Figure 2 Identification of differentially expressed target genes related to non-segmental vitiligo. (A) Volcanic map of DEGs in non-segmental vitiligo; (B) Heat map of the top
25 up- and down-regulated DEGs in non-segmental vitiligo; (C) Venn diagram of intersection of drug target genes and DEGs; (D) Bubble plot of the top |10 terms of CC, MF
and BP in the GO functional enrichment of differentially expressed target genes; (E) Top 10 signaling pathways in KEGG functional enrichment of differentially expressed
target genes.

Abbreviations: DEGs, differentially expressed genes; SJZD, Sijunzi decoction; BP, biological process; CC, cellular component; MF, molecular function; GO, Gene Ontology;
KEGG, Kyoto Encyclopedia of Genes and Genomes; FDR, false discovery rate.

regulation of apoptotic process and positive regulation of transcription from RNA polymerase II promoter (Figure 2D).
KEGG analysis showed that differentially expressed target genes were significantly enriched in immune-related pathways
such as MAPK and TNF signaling pathways (Figure 2E). These results indicate that multiple compounds of SJZD may
play a role in the treatment of non-segmental vitiligo by acting on multiple target genes and synergistically regulating
multiple pathways.

Construction of Drug-Compound-Gene-Disease Network

There were 104 compounds acting on 42 differentially expressed target genes. Top 10 active compounds with the
number of differentially expressed target genes are shown in Table 2. Subsequently, a drug-compound-gene-
disease network was constructed based on non-segmental vitiligo, 4 medicinal materials, 42 differentially
expressed target genes and 104 active compounds. Cytoscape v3.7.2 was used to visualize the network
(Figure 3).
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Table 2 Top 10 Active Compounds with the Number of Differentially Expressed Target Genes

Molecule ID Molecule Name OB (%) DL Herb Number of Differentially Expressed
Target Genes
MOL000098 Quercetin 46.43 0.28 Licorice 26
MOL000422 Kaempferol 4].88 0.24 | Ginseng, Licorice 24
MOL003896 7-Methoxy-2-methyl isoflavone 42.56 0.20 Licorice I
MOL000354 Isorhamnetin 49.60 0.31 Licorice 10
MOL000497 Licochalcone a 40.79 0.29 Licorice 10
MOL000392 Formononetin 69.67 0.21 Licorice 9
MOL004328 Naringenin 59.29 0.21 Licorice 9
MOL004959 |-Methoxyphaseollidin 69.98 0.64 Licorice 9
MOL004966 3’-Hydroxy-4’-O-Methylglabridin 43.71 0.57 Licorice 9
MOL004974 3’-Methoxyglabridin 46.16 0.57 Licorice 9

Abbreviations: OB, oral bioavailability; DL, drug-likeness.

Identification of Hub Target Genes

A PPI network of 42 differentially expressed target genes was constructed (Figure 4A). Seven groups of central genes
were screened by Betweenness, Closeness, Degree, EPC, MCC, MNC and Stress in the cytoHubba plug-in. PPI networks
of the top 10 node genes in the Betweenness, Closeness, Degree, EPC, MCC, MNC and Stress algorithms were
constructed, respectively (Figure 4B—H). Finally, six hub differentially expressed target genes (multicentric genes, hub
target genes) were screened by UpSet package (Figure 4I). These six hub target genes are AKT1, CASP3, PPARG,
SIRT1, TNF and TP53. In order to understand the diagnostic value of AKT1, CASP3, PPARG, SIRT1, TNF and TP53,
ROC analysis was performed (Figure 5). The results showed that the AUC values of AKT1, CASP3, PPARG, SIRT1,
TNF and TP53 were all greater than 0.7, which suggested that AKT1, CASP3, PPARG, SIRT1, TNF and TP53 had high
diagnostic accuracy and might be potential diagnostic markers for non-segmental vitiligo.

Immune Cell Infiltration in the IME of Non-Segmental Vitiligo

To evaluate infiltration status of 23 immune cells in non-segmental vitiligo IME by ssGSEA method. Compared with the
control group, the infiltration degree of Type 2 T helper cells in the non-segmental vitiligo group was higher, while the
infiltration degree of CD56bright natural killer cell and CD56dim natural killer cell was lower (Figure 6A). In addition,
the infiltration degree of other immune cells had no significant difference between the two groups. Subsequently, the
correlation between immune cell infiltration and AKT1, CASP3, PPARG, SIRT1, TNF and TP53 was analyzed. The
results showed that AKT1 was negatively correlated with CD56bright natural killer cell and CD56dim natural killer cell
and positively correlated with Type 2 T helper cell (Figure 6B). The negative correlation between AKT1 and CD56dim
natural killer cell was the highest, which was —0.81.

Molecular Docking

The active compounds of medicinal materials were screened according to the hub target genes, and it was found that
ginsenoside RH2, kaempferol, naringenin, quercetin and formononetin all interacted with at least two hub target genes.
Moreover, kaempferol, naringenin, quercetin and formononetin were top 10 active compounds with the number of
differentially expressed target genes. Therefore, kaempferol, naringenin, quercetin and formononetin were selected to
perform molecular docking with the six hub target genes. The results of the lowest binding energy when the hub target
genes dock with the active compounds are shown in Table 3, and the corresponding molecular docking effect is shown in
Figure 7. The binding energy of kaempferol to TNF was the lowest at —6.09 kcal/mol and formed six hydrogen bonds
with GLN-102, PRO-100, ARG-103 residues.
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Figure 3 Construction of drug-compound-gene-disease network. Orange, green, red and blue represent differentially expressed target genes, medicinal materials, diseases
and active compounds, respectively.

Real-Time PCR Detection of CASP3, AKTI, SIRT| and TNF

Based on the results of GEO integration analysis, CASP3, AKTI1, SIRT1 and TNF were randomly selected for
verification by real-time PCR (Figure 8). All primers used for real-time PCR detection are shown in Table 4.
Compared with normal controls, the expression levels of CASP3, AKTI1, SIRT1 and TNF in non-segmental vitiligo
group showed an upward trend. The expression trend of these genes was consistent with the GEO integration analysis
results. Compared with the non-segmental vitiligo group, the expression levels of CASP3, AKT1, SIRT1 and TNF in the
SJZD treatment group showed a downward trend. However, the lack of significance of real-time PCR results may be
caused by the small sample size and heterogeneity among patients. Therefore, a large number of samples need to be
collected for further research.
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Discussion

In this study, 135 active compounds were obtained in SJZD. Among them, 104 active compounds may be effective ingredients
in the treatment of non-segmental vitiligo. The most promising active compounds were quercetin, kaempferol, formononetin
and naringenin. Quercetin, kaempferol, formononetin and naringenin were all flavonoids. Quercetin can inhibit oxidative
stress and has powerful anti-inflammatory effects.”®2° Adding quercetin to the diet may also affect the innate immunity of
crayfish and protect crayfish from white spot syndrome virus infection.*® A study showed that quercetin could weaken the
effect of hydrogen peroxide on endoplasmic reticulum morphology and tyrosinase output in melanocytes.”’ Kaempferol
decreased the expression of major proinflammatory cytokines in psoriatic lesions and down-regulated the signal of proin-
flammatory nuclear factor kappa B (NF-kB) in the skin.*> Moreover, kaempferol can also enhance the formation of melanin.**
Formononetin can reduce lung inflammation and significantly reduce oxidative stress by inhibiting the activation of NF-kB,

c-Jun N-terminal kinase (JNK) and nuclear factor erythroid 2-related factor 2 (Nrf2) signaling pathways in allergic asthma.**
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Figure 5 ROC analysis of AKT| (A), CASP3 (B), PPARG (C), SIRT| (D), TNF (E) and TP53 (F).
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve.

Formononetin treatment down-regulates proinflammatory cytokines and inhibits the activation of NOD-like receptor protein 3
(NLRP3) inflammasome in mice with autoimmune hepatitis.>> Naringenin is an immunomodulator with anti-inflammatory
properties.®® Naringenin has antioxidant activity, which can relieve oxidative stress and inhibit the production of inflammatory
mediators.”” Furthermore, naringenin also induced melanogenesis in B16-F10 melanoma cells through Wnt-B-catenin
signaling pathway.*® Moreover, in the present study, quercetin, kaempferol, formononetin and naringenin were not only the
compounds with the top 10 number of differentially expressed target genes but also molecular docking with hub differentially
expressed target genes showed binding energy less than —5.0 kJ/mol. Binding energy less than —5.0 kJ/mol is the basis for
screening candidate targets of active ingredients.'>'* Therefore, we hypothesized that the active ingredients of SJZD in the
treatment of non-segmental vitiligo are mainly flavonoids, which may play a role by anti-oxidative stress, inhibiting
inflammatory cytokines and promoting melanin formation.

In our analysis, AKT serine/threonine kinase 1 (AKT1), caspase 3 (CASP3), peroxisome proliferator activated receptor
gamma (PPARG), sirtuin 1 (SIRT1), tumor necrosis factor (TNF) and tumor protein pS3 (TP53) were identified as hub genes,
indicating that they are important targets of SJZD and have important biological significance. AKT phosphorylation is abnormal
in vitiligo, and AKT activation is associated with keratinocyte differentiation.** Moreover, AKT1 is a potential target of Huanggi
SJZD.***! CASP3 is a type of cysteine aspartic protease, and its expression was significantly higher in the diseased skin of vitiligo
mice than in the non-diseased skin of the same experimental mice.*? SJZD may play a role in the treatment of ulcerative colitis by
regulating the expression of IL-6 and CASP3 and participating in cell apoptosis, inflammation and other pathways.*> The
expression and function of PPAR signaling pathway (PPARA, PPARD and PPARG) play important roles in melanocyte
proliferation, differentiation and melanogenesis.***> Moreover, isorhamnetin and kaempferide, the compounds of Vernonia
anthelmintica (L.), may promote melanogenesis by targeting PPAR signaling pathway and other signaling pathways to treat
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Figure 6 Immune cell infiltration in the IME of non-segmental vitiligo. (A) Infiltration of 23 immune cells in the IME of non-segmental vitiligo; (B) Correlation analysis
between immune cells and hub differentially expressed target genes. ns represent no significant difference; *Represent P<0.05; **Represent P<0.01; ***Represent P<0.001;
ns represent no statistical significance.

vitiligo.*> PPARG is an important target of Huangqi SJZD in Alzheimer’s disease.*® Sirtuins play a role in inflammatory skin
diseases, hyperproliferative skin diseases, autoimmune diseases, skin fungal infections and other skin diseases.*” SIRT1 also plays
an important role in vitiligo, but the expression trend is contrary to this article, and further research is needed.** Compared with

Table 3 Minimum Binding Energy in Molecular Docking of Core Genes and Active Compounds

Molecule ID | Molecule Name Target Name Core Gene | Binding Energy
MOL000422 Kaempferol RAC-alpha serine/threonine-protein kinase AKTI —3.42
MOL004328 Naringenin RAC-alpha serine/threonine-protein kinase AKTI -5.79
MOL000098 Quercetin RAC-alpha serine/threonine-protein kinase AKTI —3.43
MOL000392 Formononetin Peroxisome proliferator activated receptor gamma PPARG —4.41
MOL000422 Kaempferol Peroxisome proliferator activated receptor gamma PPARG -3.72
MOL000392 Formononetin NAD-dependent deacetylase sirtuin-| SIRTI —2.94
MOL000422 Kaempferol Caspase-3 CASP3 —3.38
MOL004328 Naringenin Caspase-3 CASP3 —3.42
MOL000098 Quercetin Caspase-3 CASP3 -3.59
MOL000098 Quercetin Peroxisome proliferator activated receptor gamma PPARG -3.02
MOL000098 Quercetin Cellular tumor antigen p53 TP53 —2.41
MOL000422 Kaempferol Tumor necrosis factor TNF —6.09
MOL000098 Quercetin Tumor necrosis factor TNF -5.58
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Figure 7 Molecular docking diagram of the active compounds with the hub differentially expressed target genes. (A) Molecular docking diagram of AKT | and quercetin; (B)
Molecular docking diagram of AKT| and kaempferol; (C) Molecular docking diagram of AKT| and naringenin; (D) Molecular docking diagram of CASP3 and quercetin; (E)
Molecular docking diagram of CASP3 and kaempferol; (F) Molecular docking diagram of CASP3 and naringenin; (G) Molecular docking diagram of PPARG and quercetin; (H)
Molecular docking diagram of PPARG and formononetin; (I) Molecular docking diagram of PPARG and kaempferol; (J) Molecular docking diagram of SIRTI and
formononetin; (K) Molecular docking diagram of TNF and quercetin; (L) Molecular docking diagram of TNF and kaempferol; (M) Molecular docking diagram of TP53
and quercetin.

normal skin tissues, the expression of TNF (also known as TNF-a) in vitiligo patients’ skin tissues was significantly higher.
Moreover, TNF also affects melanocyte survival and melanin synthesis in vitiligo.* Serum TNF is a risk factor for generalized
vitiligo in Iraqi patients. Serum TNF level is high in patients with active vitiligo.>® A study found that SJZD can alleviate TNF-
induced damage to intestinal epithelial cell barrier function.”' In addition, Jiawei SJZD may play an anti-tumor role in liver cancer
by regulating TNF and other molecules to regulate non-specific immune function.>? TP53 may have some potential effects on skin
damage in vitiligo.”> Therefore, to explore the targeting effect of SIZD on AKT1, CASP3, PPARG, SIRT1, TNF and TP53 is
beneficial to the treatment of non-segmental vitiligo. In addition, we also found that the AUC values of AKT1, CASP3, PPARG,
SIRT1, TNF and TP53 were all greater than 0.7, which suggested that AKT1, CASP3, PPARG, SIRT1, TNF and TP53 had high
diagnostic accuracy and might be potential diagnostic markers for non-segmental vitiligo.

GO and KEGG enrichment analysis to identify the important functional terms and pathways that may be involved in the
treatment of non-segmental vitiligo by SJZD to reveal the potential molecular regulatory mechanism of SJZD. MAPK
signaling pathway and TNF signaling pathway are important pathways involved in differentially expressed target genes in
KEGG analysis. MAPK signaling pathway inhibition mediates inflammatory reprogramming and sensitizes tumors to targeted
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Figure 8 Real-time PCR detection of CASP3 (A), AKTI (B), SIRTI (C) and TNF (D).

activation of the innate immune sensor RIG-1.** MAPK signaling pathway also plays an important role in protecting

melanocytes from oxidative stress, protecting keratinocytes from damage and mediating melanogenesis in vitiligo.

48,55,56

Quercetin and kaempferol can mediate the production of inflammatory cytokines and chemokines through MAPK signaling
pathway.”” > TNF signaling plays an important role in a variety of physiological and pathological processes, including
regulating immune responses and inducing inflammation.®® TNF is a key factor of TNF signaling pathway, which is highly
expressed in vitiligo patients and also affects melanocyte survival and melanin synthesis.**>° Studies have shown that

Table 4 Sequence of Primers Used for Real-Time PCR Detection

Primer Name

Primer Sequence (5’ to 3’)

GAPDH-F (Internal reference)
GAPDH-R (Internal reference)
ACTB-F (Internal reference)
ACTB-R (Internal reference)
CASP3-F

CASP3-R

AKTI-F

AKTI-R

SIRTI-F

SIRTI-R

TNF-F

TNF-R

5-GGAGCGAGATCCCTCCAAAAT-3
5-GGCTGTTGTCATACTTCTCATGG-3
5-CATGTACGTTGCTATCCAGGC-3
5-CTCCTTAATGTCACGCACGAT-3
5-CATGGAAGCGAATCAATGGACT-3
5-CTGTACCAGACCGAGATGTCA-3
5-AGCGACGTGGCTATTGTGAAG-3
5-GCCATCATTCTTGAGGAGGAAGT-3
5-TGTGTCATAGGTTAGGTGGTGA-3
5-AGCCAATTCTTTTTGTGTTCGTG-3
S-TTGTTCCTCAGCCTCTTCTCC-3
5-ATGGGCTACAGGCTTGTCACT-3
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quercetin, kaempferol and naringenin can reduce the production of proinflammatory factor TNF-q, inhibit inflammation and
play a role in immune regulation.®’** In addition, differentially expressed target genes were also enriched in hepatitis B,
human cytomegalovirus infection, kaposi sarcoma-associated herpesvirus infection, Epstein-Barr virus infection and other
inflammatory and immune-related pathways. Therefore, we hypothesized that SJZD may regulate multiple signaling pathways
by targeting different targets and then regulate the disease progression of non-segmental vitiligo.

By ssGSEA method analysis, we found that compared with the control group, the infiltration degree of Type 2 T helper
cells in the non-segmental vitiligo group was higher, while the infiltration degree of CD56bright natural killer cell and
CD56dim natural killer cell was lower. In this study, we also found that AKT1 was negatively correlated with CD56bright
natural killer cells and CD56dim natural killer cells, and positively correlated with Type 2 T helper cells. Moreover, binding
energy of AKT1 with quercetin, kaempferol and naringenin is less than —5.0 kJ/mol, which is an important target of quercetin,
kaempferol and naringenin. Therefore, we hypothesized that the active ingredient in SJZD targeted regulation of AKT affects
the levels of Type 2 T helper cells, CD56bright natural killer cells and CD56dim natural killer cells in the IME of patients with
non-segmental vitiligo, and then regulates the immune regulatory system of non-segmental vitiligo.

However, we have to admit that this study also has some limitations. Firstly, the data and information used in this study are
from public databases, and the results lack a lot of in vitro and in vivo validation. Secondly, the sample size of real-time PCR
validation is too small and the results lack significance, so a large number of samples need to be collected for further research.
Thirdly, the molecular mechanism of SJZD acting on vitiligo is still unclear, so a large number of experimental studies on the
identified compounds, target genes and signaling pathways are needed. In summary, we analyzed the potential role of SJZD in
non-segmental vitiligo through network pharmacology, and identified important active compounds, target genes and signaling
pathways. These results indicate that quercetin, kaempferol, formononetin and naringenin in SJZD may play an important role
in the treatment of non-segmental vitiligo by acting on AKT1, CASP3, PPARG, SIRT1, TNF and TP53 to regulate immune cell
infiltration and multiple signaling pathways.
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