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ABSTRACT

Objective: We used evidence-based medicine, bioinformatics and experimental verification to comprehensively analyze the efficacy and pharma-
cological mechanism of Xuefu Zhuyu decoction (XFZYD) in the treatment of idiopathic pulmonary fibrosis (IPF).

Methods: Major databases were retrieved for randomized controlled trials (RCTs) of XFZYD treating IPF to perform meta-analysis. Active ingredients
and target genes of XFZYD were identified from the Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP).
IPF-related differentially expressed genes (DEGs) were identified from the Gene Expression Omnibus (GEO) database. The RGUI software was
utilized for Gene Ontology (GO) functional enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses. The
ingredient-target and protein-protein interaction (PPI) networks were achieved through Cytoscape software and the STRING database to identify the
key compounds and target proteins. Molecular docking was performed using AutoDockTool and AutoDock Vina software. The effect between key
compounds and target proteins was verified in animal experiments.
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Results: Six RCTs were included for meta-analysis, which uncovered that the total effective rate of clinical efficacy was higher in the experimental
group than control group. Then, 156 active ingredients and 254 target genes of XFZYD, and 1,566 IPF-related DEGs were identified. The intersection
analysis identified 48 target genes correlating with 130 active ingredients of XFZYD treating IPF. GO functional enrichment, KEGG pathway
enrichment, ingredient-target network and PPI network were achieved. Following the identification of key compounds and target proteins, we
performed molecular docking. Ultimately, our research focused on the key compound quercetin for experimental validation to assess its interactions
with two key target proteins, JUN and PTGS2.

Conclusion: The effectiveness of XFZYD on IPF has been substantiated through evidence-based medicine. The pharmacological mechanism of XFZYD
for IPF treatment involves a complex interplay of various compounds and targets, with quercetin exerting pronounced impacts on JUN and PTGS2
proteins.

1. Introduction

Idiopathic pulmonary fibrosis (IPF) represents a distinct subtype of progressive fibrosing interstitial lung disease characterized by
escalating severity of dyspnea, restrictive ventilatory impairment, disturbances in gas exchange, development of hypoxemia, and a
heightened risk of respiratory failure [1,2]. The diagnostic imaging of IPF using chest high-resolution computed tomography (HRCT)
or lung histological examination frequently reveals manifestation of usual interstitial pneumonia (UIP) [3]. IPF is a relatively rare
condition predominantly affecting the aging population. The current incidence rates in North American and European populations
range from 2.8 to 9.3 cases per 100,000 individuals. Despite limited epidemiological data on this condition in China, a substantial and
rapid rise has been noted in the prevalence of IPF over the last decade [4,5].

Currently, IPF is widely considered incurable. In clinical settings, the primary therapeutic goals are to mitigate the deterioration of
lung functions, facilitate the quality of life (QOL) for patients, and curb further disease progression. Western medications, particularly
pirfenidone and nintedanib, have exhibited promising effectiveness in treating IPF. Nevertheless, their patient accessibility is con-
strained due to substantial costs and the risk of adverse reactions [6]. The significance of traditional Chinese medicine (TCM) in
treating IPF has gained growing recognition in recent years. Clinical trials and meta-analyses have demonstrated that herbal medicine
for IPF treatment can alleviate disease symptoms, decelerate the decline of lung functions, and enhance the overall QOL for patients [7,
8]. Furthermore, research reports have substantiated that herbal medicine positively affects lung histopathology and physiological
indicators of bleomycin-induced animal models [9,10].

Xuefu Zhuyu decoction (XFZYD), initially introduced during the Qing Dynasty, is a widely used TCM remedy to modulate qi and
stimulate blood circulation. It is composed of Semen Persicae (SP, Taoren), Flos Carthami (FC, Honghua), Radix Paeoniae Rubra (RPR,
Chishao), Rhizoma Chuanxiong (RC, Chuanxiong), Radix Achyranthis Bidentatae (RAB, Niuxi), Radix Angelicae Sinensis (RAS, Danggui),
Radix Rehmanniae (RR, Shengdihuang), Radix Platycodi (RP, Jiegeng), Fructus Aurantii (FA, Zhike), Radix Bupleuri (RB, Chaihu) and
Radix Glycyrrhizae (RG, Gancao) [11,12]. In accordance with the principles of TCM, SP and FC are "'monarch herbs’ in XFZYD, serving
as the principal components of XFZYD.

XFZYD, when administered orally, functions to augment blood circulation and eliminate blood stasis, concurrently facilitating qi
circulation and pain relief. Clinical investigations have demonstrated substantial therapeutic benefits of XFZYD in the treatment of IPF
[13,14]. Moreover, preliminary findings from animal studies have indicated the capability of XFZYD to diminish the severity of
pulmonary fibrosis (PF) in rats, thereby underscoring its potential in PF treatment [15,16]. A prior meta-analysis has unveiled that the
incorporation of XFZYD into conventional western medicine treatment contributes to enhanced clinical efficacy and improved lung
functions among patients suffering from PF, including those with fibrosis following radiotherapy for lung cancer [17]. Nevertheless,
the therapeutic efficacy and pharmacological basis of XFZYD in IPF are not well-characterized. There is a pressing concern to advance
the evidence-based clinical application of XFZYD, clarify its clinical efficacy, explore the mechanistic underpinnings, and optimize its
formulation. Therefore, it is crucial to establish clinical efficacy through evidence-based medicine and to further examine the phar-
macological impact of XFZYD on IPF.

In the present research, we assessed the effectiveness and pharmacological basis of XFZYD in treating IPF through evidence-based
medicine, bioinformatics, and experimental validation. Specifically, the randomized controlled trials (RCTs) focusing on the thera-
peutic effectiveness of XFZYD in patients with IPF were retrieved for meta-analyses to corroborate the clinical effectiveness of XFZYD.
The TCM Systems Pharmacology Database and Analysis Platform (TCMSP), in conjunction with IPF-associated differentially expressed
genes (DEGs) from the Gene Expression Omnibus (GEO) database, were utilized to pinpoint target genes of XFZYD for IPF manage-
ment, followed by functional enrichment analysis via Gene Ontology (GO) and pathway enrichment analysis using Kyoto Encyclopedia
of Genes and Genomes (KEGG). Notably, the establishment of ingredient-target and protein-protein interaction (PPI) networks
facilitated the selection of key active ingredients and target proteins. Eventually, molecular docking and experimental verification
were applied to delineate potential effects between the identified key active ingredients and target proteins.

2. Results
2.1. Systematic review of RCTs in evaluating the clinical efficacy of XFZYD for IPF treatment

In this comprehensive review, we initially identified 79 articles via database search, eventually narrowing them down to 31 articles
after eliminating duplicates. The subsequent screening process, involving the review of titles and abstracts, resulted in the selection of
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10 articles based on our inclusion criteria for screening studies. Following examination of the full text, six RCTs [13,14,18-21] were
included for subsequent analyses. Supplementary Figure S1 shows the literature searching process.

The six selected RCTs [13,14,18-21], all conducted in China, collectively enrolled a total of 714 patients and were characterized by
a single-center study design. The primary characteristics of these studies are summarized in Supplementary Table S1.

Methodological quality assessments revealed that three RCTs [14,18,21] utilized a table of random numbers to generate sequences,
and no allocation concealment was used across all RCTs. Of note, blinding was not mentioned in any RCTs, though complete outcome
data were available for all RCTs. The feasibility of determining selective reporting was not established (Supplementary Table S2,
Supplementary Figure S2-S3).

In terms of clinical efficacy, five RCTs [13,14,19-21] evaluated the total effective rate (TER). Regarding lung function, two RCTs
[19,20] compared the force vital capacity (FVC); four RCTs [13,14,18,21] examined the FVC% predicted (FVC%); four RCTs [13,14,
18,21] evaluated the forced expiratory volume in 1 s (FEV1); two RCTs [13,19] assessed the FEV1% predicted (FEV1%); two RCTs [14,
21] measured the FEV1/FVC ratio; one RCT [19] analyzed the peak expiratory flow (PEF); one RCT [18] compared PEF% predicted
(PEF%); one RCT [20] focused on diffusing capacity of the lung for carbon monoxide (DLCO)% predicted (DLCO%). Adverse reactions
to the treatment were reported in three studies [19-21], while the remaining studies [13,14,18] did not mention them (Supplementary
Table S3).

2.2. Meta-analyses of clinical effectiveness, lung function, and adverse reactions

The clinical effectiveness was assessed by quantifying TER in five RCTs [13,14,19-21], which collectively involved 390 patients.
These studies partitioned the participants into the experimental group (n = 197) and the control group (n = 193). A homogeneity test
across these studies revealed consistent results (Chi? = 1.77,P =0.78, 12 = 0 %). The pooled odds ratio (OR), calculated using a fixed
effect model, was 3.25 with a 95 % confidence interval (CI) ranging from 1.89 to 5.59 (P < 0.0001), indicating a higher TER and
facilitated clinical efficacy in the experiment group compared to the control group (Fig. 1).

Moreover, the meta-analysis results suggested a marked improvement in lung function parameters, such as FVC%, FEV1, FEV19%,
and the FEV1/FVC ratio in the experimental group relative to the control group (Supplementary Figure S4). In addition, the meta-
analysis of adverse reactions revealed no pronounced differences in the occurrence of adverse effects between the two groups
(Supplementary Figure S5).

2.3. Identification of active ingredients and target genes of XFZYD

The screening process using TCMSP yielded 66 active ingredients from SP, 189 from FC, 119 from RPR, 189 from RC, 176 from
RAB, 125 from RAS, 76 from RR, 102 from RP, 17 from FA, 349 from RB, and 280 from RG. Based on the criteria of drug-likeness (DL)
> 0.18 and oral bioavailability (OB) > 30 % for screening, the number of the selected active ingredients was 23 from SP, 22 from FC, 29
from RPR, 7 from RC, 20 from RAB, 2 from RAS, 2 from RR, 7 from RP, 5 from FA, 17 from RB, and 92 from RG (Supplementary File 1).
After eliminating duplications, a list of 197 candidate active ingredients in XFZYD were identified, as detailed in Supplementary
Table S4.

In addition, the TCMSP was utilized for the identification of target genes for each of the 197 candidate active ingredients, with 39
active ingredients lacking corresponding target genes. Further refinement from the Universal Protein Resource (UniProt) led to the
exclusion of two ingredients without matching gene symbols (Supplementary File 2). Eventually, 254 target genes were pinpointed for
the remaining 156 active ingredients in XFZYD (Supplementary Table S5).

2.4. Retrieval and analysis of microarray datasets for IPF-related target genes

Subsequently, we incorporated four microarray datasets, namely GSE2052, GSE21369, GSE24206, and GSE53845, that conformed
to our selection criteria to analyze gene expression in IPF. These datasets provided gene expression profiles from IPF and normal

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Guo YQ 2009 28 32 20 28 17.3% 2.80[0.74, 10.59] 2009 - =
Song YY 2016 21 25 18 25 18.6% 2.04 [0.51, 8.12] 2016 - =
Wang M 2019 53 60 44 60 33.2% 2.75[1.04,7.29] 2019 — &
Tang WJ 2019 26 30 20 30 17.3% 3.25[0.89, 11.90] 2019 T ™
Yuan J 2020 47 50 35 50 13.6% 6.71[1.80, 25.00] 2020 - -
Total (95% CI) 197 193 100.0% 3.25[1.89, 5.59] -
Total events 175 137 ) )

Heterogeneity: Chi2=1.77, df =4 (P = 0.78); I?= 0% p

o 0.05 0.2 1 5 20
Test for overall effect: Z = 4.26 (P < 0.0001) Favours [control] Favours [experimental]

Fig. 1. Comparative forest plot of TER.
The TER for clinical effectiveness demonstrated a prominent elevation in the experimental group compared to the control group (OR = 3.25, 95 % CI
1.89-5.59, P < 0.0001).
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samples, with GSE2052 utilizing the GPL1739 platform [22-24], GSE21369 and GSE24206 using the GPL570 platform [25,26], and
GSE53845 using the GPL6480 platform [27].

Based on the four microarray datasets, different genes identified using GEO2R online tool of each microarray dataset was shown in
Supplementary File 3. The identification of DEGs between IPF and normal samples was carried out utilizing the GEO2R, with criteria
set at adjusted (adj) P < 0.05 and |log2FoldChange (FC)| > 1. The resulting DEGs were illustrated through volcano plots (Fig. 2A-D).
The integration and deduplication resulted in 1,566 DEGs, which were identified as IPF-associated target genes (Supplementary
Table S6).

2.5. Identification of target genes of XFZYD for IPF management

Next, we conducted an intersection analysis between the 254 target genes of XFZYD and the 1,566 IPF-related target genes. This
comparison yielded 48 intersecting genes, which were recognized as target genes of XFZYD for IPF management (Fig. 3, Table 1).

2.6. Analyses of GO functional enrichment

Our examination of the GO biological process (BP) functional enrichment revealed significant involvement of the target genes of
XFZYD for IPF management in several BPs, including response to nutrient, response to nutrient levels, regulation of body fluid levels,
response to extracellular stimulus, extracellular matrix (ECM) organization, vasoconstriction, response to oxidative stress, extracel-
lular structure organization, negative regulation of blood vessel diameter, and cellular response to oxidative stress (Supplementary File
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Fig. 2. Identification of DEGs between IPF and normal samples.

The DEGs were pinpointed from the GSE2052 dataset (A), GSE21369 dataset (B), GSE24206 dataset (C), and GSE53845 dataset (D).
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Active target genes of XFZYD IPF-related target genes (DEGs)

Fig. 3. Target genes of XFZYD for IPF management.
The 254 XFZYD-associated target genes were intersected with the 1,566 IPF-related target genes, leading to the identification of 48 target genes of
XFZYD for IPF management.

Table 1

Gene symbol and entrezID of target genes.
Gene symbol EntrezID Gene symbol EntrezID Gene symbol EntrezID
PTGS2 5743 AKR1C3 8644 SPP1 6696
ADRA2A 150 MMP3 4314 CTSD 1509
PLAU 5328 CCND1 595 IRF1 3659
MAOA 4128 TOP1 7150 GSTA1 2938
CHRM3 1131 HIF1A 3091 GSTA2 2939
ADRB1 153 CAV1 857 FOSL2 2355
ADRA1A 148 MYC 4609 CYCS 54205
ADRA1B 147 CCL2 6347 SLC6A4 6532
CCNA2 890 CXCL8 3576 FASN 2194
JUN 3725 SERPINE1 5054 LDLR 3949
MMP1 4312 COL1A1 1277 ADIPOR2 79602
CYP3A4 1576 TOP2A 7153 CA2 760
SELE 6401 NQO1 1728 MMP10 4319
VCAM1 7412 COL3A1 1281 MCL1 4170
CYP1B1 1545 CXCL2 2920 CD163 9332
HAS2 3037 CXCL10 3627 EPHB2 2048

4A). The top 20 enriched BPs, determined by adj P values, are visually presented in Fig. 4A.

Our analysis of GO cellular component (CC) functional enrichment for XFZYD target genes in IPF management highlighted
prominent enrichment in membrane raft, plasma membrane raft, integral component of presynaptic membrane, membrane micro-
domain, membrane region, caveola, intrinsic component of presynaptic membrane, ECM, integral component of postsynaptic mem-
brane, and intrinsic component of postsynaptic membrane (Supplementary File 4B). Fig. 4B depicts the top 20 enriched CCs, which
were determined by the adj P values.

The results from GO molecular function (MF) functional enrichment for XFZYD target genes in managing IPF demonstrated sig-
nificant enrichment in protease binding, G protein-coupled amine receptor activity, CXCR chemokine receptor binding, protein het-
erodimerization activity, heme binding, chemokine receptor binding, tetrapyrrole binding, G protein-coupled receptor binding,
platelet-derived growth factor binding, and oxidoreductase activity/acting on the CH-NH2 group of donors/oxygen as acceptor
(Supplementary File 4C). The top 20 enriched MFs, determined by adj P values, are illustrated in Fig. 4C.

2.7. Analysis of KEGG pathway enrichment

The KEGG pathway enrichment revealed that XFZYD-associated target genes in IPF management were notably enriched in various
pathways, such as tumor necrosis factor (TNF) signaling pathway, interleukin 17 (IL-17) signaling pathway, rheumatoid arthritis, lipid
and atherosclerosis, chemical carcinogenesis-receptor activation, fluid shear stress and atherosclerosis, Kaposi sarcoma-associated
herpesvirus infection, advanced glycation end products (AGE)-receptor for AGE (RAGE) signaling pathway in diabetes complica-
tions, chemical carcinogenesis-DNA adducts, and bladder cancer (Supplementary File 5). Fig. 5 displays the topmost 20 KEGG pathway
enrichment as determined by the adj P values.
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Fig. 4. GO functional enrichment.
GO functional enrichment analyses of BPs (A), CCs (B), and MFs (C) enriched by target genes of XFZYD for IPF management.

2.8. Construction of ingredient-target and PPI networks

The Cytoscape software and its NetworkAnalyzer tool were employed to delineate the connections of the ingredient-target network.
In view of the lack of correlation between certain active ingredients and interlacing target genes, we focused on 48 intersecting target
genes correlated with 130 active ingredients. The resulting network comprised 178 nodes (130 nodes representing active ingredients
and 48 nodes representing target genes) connected by 313 edges (Fig. 6A, Supplementary File 6A). The NetworkAnalyzer tool was
further utilized to assess the significance of each active compound based on their degree values in the network. Table 2 summarizes the
essential data on the top eight significant compounds, ranked by degree, which were identified as the key active ingredients of XFZYD
for IPF management.

The construction of the PPI network was carried out by integrating the 48 corresponding target genes into the STRING database.
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Fig. 5. KEGG pathway enrichment.
The top 20 enriched KEGG pathways for XFZYD target genes in IPF ranked by the adj P values.

With the interaction threshold set at 0.40, the network exhibited interconnectivity among 46 target proteins, resulting in a complex
network with 250 edges indicative of PPIs (Fig. 6B-Supplementary File 6B). As indicated in Table 3, the top 10 target proteins in this
PPI network, ranked by degree, were considered key target proteins of XFZYD for IPF management.

2.9. Verification of molecular docking interactions

Three-dimensional structural models for the active ingredients and target proteins were sourced from the PubChem and RCSB PDB
databases. Subsequently, we conducted molecular docking simulations to ascertain potential interactions between target proteins and
their associated active ingredients utilizing the AutoDock Vina and AutoDockTool software. As a representative display, the most
significant active ingredient in the network, quercetin, underwent molecular docking with the top two target proteins transcription
factor Jun (JUN) and prostaglandin G/H synthase 2 (PTGS2/C0X2). The docking of JUN with quercetin yielded a minimum binding
affinity of —8.6 kcal/mol, with a grid center positioned at —23.326, 17.311, and 20.955, and a distance from best mode showing an
rmsd of 0.000 in both Lb. and u.b. (Fig. 7A-7D). The docking between PTGS2 and quercetin demonstrated a minimum binding affinity
of —9.9 kcal/mol, a grid center of 24.338, 41.997, and 39.106, and an rmsd of 0.000 in both Lb. and u.b. (Fig. 7E-7H).

2.10. Assessment of bleomycin-induced IPF model

To evaluate the pathological changes, hematoxylin-eosin (HE) staining was utilized across different study groups. The model group
exhibited prominent ECM hyperplasia and alveolar structure impairment after 21 days. Conversely, the XFZYD and quercetin-treated
groups displayed relatively preserved alveolar structures and lessened pulmonary interstitial hyperplasia. The severity of PF was
further quantified using Masson staining, revealing a pronounced presence of blue-stained collagen fibers in the lung interstitium of the
model group after 21 days. In contrast, XFZYD and quercetin-treated groups showed only a mild degree of PF (Fig. 8A). The Szapiel
score was significantly higher in the model group, whereas the XFZYD and quercetin-treated groups were improved (Fig. 8B). The
Ashcroft score was significantly higher in the model group, whereas the XFZYD and quercetin-treated groups were improved (Fig. 8C).
Additionally, the hydroxyproline (HYP) content of model group was remarkably higher than the control group, XFZYD and quercetin
exhibited decreases in the HYP contents compared with model group (Fig. 8D). These data indicated the efficacy of XFZYD and
quercetin in restoring alveolar structure and reducing PF in a bleomycin-induced IPF model.

2.11. Immunohistochemical assay of the expression of JUN and PTGS2

To further reveal pharmacological mechanism in bleomycin-induced IPF, immunohistochemistry was used to investigate the
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Fig. 6. Visualization of ingredient-target and PPI networks.

(A) The ingredient-target network comprises 178 nodes (130 nodes representing active ingredients and 48 representing target genes), connected by
313 edges. Active ingredients are depicted as circles with varying color coding for each active ingredient, while target genes are represented as
rectangles. The edges in this network illustrate the connections between these nodes. (B) The PPI network illustrates interactions among 46 target
Eroteins, with 250 edges symbolizing the PPIs, based on the lowest interaction score of 0.40.

Table 2

Key compounds in XFZYD for IPF management.
Compound name Compound ID PubChem CID Molecular Formula Degree Herb
quercetin MOL000098 5280343 Ci5H1007 27 FC, RAB, RB, RG
kaempferol MOL000422 5280863 Ci5H1006 10 FC, RAB, RB, RG
stigmasterol MOL000449 5280794 Ca9H4g0 8 FC, RPR, RAB, RAS, RR, RB
beta-carotene MOL002773 5280489 C4oHse 7 FC
luteolin MOL000006 5280445 Cy5H1006 7 FC, RP
wogonin MOL000173 5281703 Cy6H1205 7 RAB
beta-sitosterol MOL000358 222284 Ca9H500 6 SP, FC, RPR, RAB, RAS, FA
medicarpin MOL002565 336327 Ci16H1404 6 RG

Table 3

Key target proteins of XFZYD for IPF management.
Key target Entry Entry name Protein name Degree
JUN P05412 JUN_HUMAN Transcription factor Jun 29
PTGS2 P35354 PGH2_HUMAN Prostaglandin G/H synthase 2 26
CCL2 P13500 CCL2_ HUMAN C-C motif chemokine 2 24
HIF1A Q16665 HIF1A_ HUMAN Hypoxia-inducible factor 1-alpha 24
MYC P01106 MYC_HUMAN Myc proto-oncogene protein 22
CXCL8 P10145 IL8_ HUMAN Interleukin-8 21
SERPINE1 P05121 PAI1_HUMAN Plasminogen activator inhibitor 1 20
CCND1 P24385 CCND1_HUMAN G1/S-specific cyclin-D1 20
VCAM1 P19320 VCAM1_HUMAN Vascular cell adhesion protein 1 20
MMP3 P08254 MMP3_HUMAN Stromelysin-1 20

expression of JUN and PTGS2 proteins. Bleomycin intervention reduced the expression of these proteins in the model group compared
to the control group. In contrast, both XFZYD and quercetin treatment groups exhibited a pronounced elevation in JUN and PTGS2
protein levels (Fig. 9), indicating their potential modulatory impact on bleomycin-induced IPF.

3. Discussion

IPF, a chronic, progressive interstitial lung condition, is histologically characterized by UIP [1,2]. At present, the definitive cure for
IPF remains elusive. The therapeutic aim for IPF is to decelerate its progression, augment patient QOL, and enhance survival prospects.
The prognosis of IPF is notably bleak, with a median survival time of about 2-3 years following diagnosis [4,5]. Key clinical symptoms,
such as cough, dyspnea, and lung function deterioration, are closely linked to the prognosis and independently serve as risk variables
for mortality in IPF [28,29].

TCM has increasingly become a prominent approach in managing IPF in recent years [7,8]. According to TCM principles, IPF has
been categorized as "feibi" (pulmonary arthralgia) and "feiwei" (pulmonary fistula), reflecting the symptoms of cough, sputum pro-
duction, worsening dyspnea, and recurring symptoms. The concept of "feibi" originated in the ancient text "Inner Canon of Huangdi,"
whereas "feiwei" was first mentioned in Zhang Zhongjing’s "Jinkui Yaolue." The treatment for these conditions in TCM predominantly
involves strategies to nourish the blood and qi [5,30].

XFZYD, known for its ability to enhance blood circulation and modulate qi, comprises a blend of SP, FC, RPR, RC, RAB, RAS, RR,
RP, FA, RB, and RG. Of note, SP and FC, as the "monarch herbs," have been suggested to augment blood circulation and diminish blood
stasis. RPR and RC contribute to improving blood circulation and relieving blood stasis, while RAB activates blood and ensures its
proper downward flow. RAS and RR are key in replenishing qi and blood. RP and FA are effective in promoting qi circulation, RB aids
in dispersing stagnant qi, and RG rejuvenates qi and coordinates the overall herbal action [31,32]. The therapeutic approach of XFZYD
aligns with the TCM theory for treating IPF, offering symptom alleviation and presenting a potent TCM formulation for addressing
"feibi" and "feiwei" conditions.

Prior clinical studies have demonstrated the substantial therapeutic benefits of XFZYD in treating IPF. There is no systematic review
and meta-analysis of XFZYD in the treatment of IPF. A key focus in current research is enhancing the evidence-based application of
XFZYD, elucidating its clinical efficacy, and understanding its mechanistic underpinnings to refine its formulation. In the present
research, we confirmed the effectiveness of XFZYD in the treatment of IPF through evidence-based medicine and a meta-analysis of six
RCTs focusing on this issue. The meta-analysis data showed a markedly higher TER of clinical effectiveness in the experimental group
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Fig. 7. Illustration of molecular docking simulations of JUN-Quercetin and PTGS2-Quercetin.

(A) 3D structure of quercetin. (B) 3D structure of JUN protein. (C) In the molecular docking simulations of JUN-quercetin, minimum affinity was
—8.6 kcal/mol (D) molecular docking simulation of JUN-quercetin (displaying protein surface). (E) 3D structure of quercetin. (F) 3D structure of
PTGS2 protein. (G) In the molecular docking simulations of PTGS2-quercetin, minimum affinity was —9.9 kcal/mol (H) molecular docking
simulation of PTGS2-quercetin (displaying protein surface).

relative to the control group. Additionally, lung function metrics, including FEV1%, FEV1, FVC%, and FEV1/FVC ratio, were
noticeably improved in the experimental group, without significant variation in adverse effects, compared with the control group.
Given the strong correlation between clinical efficacy, lung function, and IPF prognosis, XFZYD showed promise in improving both
symptoms and lung functions in IPF patients. This study, integrating TCM principles and evidence-based approaches, provides a solid
basis for further investigation into the pharmacological actions of XFZYD in treating IPF.

We advanced our study by employing bioinformatics approaches to delve into the pharmacologic actions of XFZYD for IPF
management. Microarray datasets were retrieved to pinpoint IPF-related target genes, and the network pharmacological methods were
utilized to elucidate the pharmacological processes of XFZYD in IPF treatment. The GEO database, a rich source of openly accessible
gene expression profiles, provides data and facilitates its integration for generating new hypotheses and insights [33]. The precision in
identifying IPF-related target genes was enhanced through the examination of the GEO-retrieved microarray datasets. Network
pharmacology, frequently employed in TCM research, allows for a detailed examination of herbal medicines and the identification of
active pharmacodynamic ingredients. This methodology supports a shift in TCM from an expertise-based approach to an
evidence-based healthcare paradigm [34]. Network pharmacology underscores the significance of multi-component treatments,
aligning with the intrinsic characteristics (multi-component, multi-target, and multi-pathway) of TCM practices [35].

In our study, we recognized 254 target genes of XFZYD from the TCMSP and 1,566 DEGs from the GEO database. The intersection of
these genes yielded 48 target genes of XFZYD for IPF treatment. Our GO functional analysis of BP enrichment highlighted the sig-
nificant role of the genes in responses to nutrient, nutrients levels, extracellular stimulus and oxidative stress, regulation of body fluid
levels, ECM organization, vasoconstriction, extracellular structure organization, negative regulation of blood vessel diameter, and
cellular response to oxidative stress. Furthermore, GO CC functional enrichment demonstrated prominent enrichment of the XFZYD-
associated target genes for IPF treatment in integral component of presynaptic membrane, plasma membrane raft, membrane
microdomain, membrane region, caveola, intrinsic component of presynaptic membrane, ECM, intrinsic component of postsynaptic
membrane, membrane raft, and integral component of postsynaptic membrane. The GO MF functional enrichment analysis showed the
marked enrichment of the XFZYD-associated target genes for IPF treatment in protein heterodimerization activity, G protein-coupled
amine receptor activity, CXCR chemokine receptor binding, heme binding, chemokine receptor binding, tetrapyrrole binding, protease
binding, platelet-derived growth factor binding, oxidoreductase activity/acting on the CH-NH2 group of donors/oxygen as acceptor,
and G protein-coupled receptor binding. These functions are closely associated with key pathological processes in IPF, such as aging,
inflammation, cell proliferative, migratory, and apoptotic potential, thereby elucidating the pathogenic mechanisms of IPF [36-38].

The KEGG pathway enrichment analysis of XFZYD-associated target genes for IPF treatment revealed prominent enrichment
several pathways, including the lipid and atherosclerosis, TNF signaling pathway, chemical carcinogenesis-receptor activation, IL-17
signaling pathway, Kaposi sarcoma-related herpesvirus infection, rheumatoid arthritis, fluid shear stress and atherosclerosis, AGE-
RAGE signaling pathway in diabetes complications, chemical carcinogenesis-DNA adducts, and bladder cancer. These results
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Fig. 8. Assessment of bleomycin-induced IPF model.

(A) Pathological alterations and the degree of PF were examined through HE and Masson staining across four groups: control, model, XFZYD-
treated, and quercetin-treated groups (n = 6, scale bar x 200). (B) Szapiel score assessment. (C) Ashcroft score assessment. (D) Content of HYP.
*P < 0.05 vs. Control group; *P < 0.05 vs. Model group.

pointed out the potential of XFZYD for IPF management through multiple pathways. Therefore, a more thorough investigation into
these pathways and their associated target genes is warranted in the future study.

The present research proceeded to establish an ingredient-target network for XFZYD to pinpoint its active ingredients in the
treatment of IPF. The network revealed interactions among 130 active ingredients across 48 intersecting target genes, implicating each
herb in XFZYD as potentially beneficial in attenuating IPF progression. In addition, the active ingredients in SP and FC demonstrated
significant prominence in the ingredient-target network. These results align with the TCM principles, where both SP and FC were
recognized as "monarch herbs,” known for their potent effects in XFZYD. This finding led us to pinpoint the key active ingredients in
XFZYD for IPF management.

The key active ingredients in XFZYD for IPF treatment identified in our study included quercetin, kaempferol, stigmasterol, beta-
carotene, luteolin, wogonin, beta-sitosterol, and medicarpin. The therapeutic action of XFZYD on IPF potentially results from the
combined interaction of these active ingredients. Quercetin, for instance, is known to curtail bleomycin-induced lung fibrogenesis in
mice [39] and mitigates PF by blocking the SphK1/S1P signaling pathway [40]. Its role in restoring the altered oxidation-reduction
balance and diminishing inflammatory reactions could be beneficial for IPF patients [41]. The antioxidant activity of beta-carotene
is correlated with oxidant and antioxidant balance, which is closely related to IPF [42,43]. Luteolin has demonstrated efficacy in
experimental PF treatments in vitro and in vivo [44]. Beta-sitosterol can attenuate PF through suppression of epithelial-mesenchymal
transition by inhibiting the TGF-p1/Snail pathway [45]. Nonetheless, the combined effect of these ingredients in IPF management
remains under-explored and requires future in-depth research.

The PPI network for XFZYD in IPF treatment highlighted a variety of targeted actions. Key target genes/proteins included JUN,
PTGS2, CCL2, HIF1A, MYC, CXCL8, SERPINE1, CCND1, VCAM1, and MMP3. PTGS2/COX2 is widely expressed in the metaplastic
epithelium in pulmonary fibrous disorders [46], with COX2 expression observed to be lower in bronchiolar epithelial cells in the
context of IPF than in controls [47]. COX2-PGE2 axis has dual roles in PF [48] and the augmented transcription of CCL2 in PF is linked
to increased binding of transcription factors to AP-1 and nuclear factor kB (NF-kB) in the CCL2 promoter [49]. The CCL2-dependent
macrophage activation may be significant for overall survival in patients with IPF [50]. A notable induction of CCL2 in the pulmonary
epithelium is linked to proteinase-activated receptor-l-inducible CCL2 in individuals affected by PF [51]. The role of
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Fig. 9. Immunohistochemical evaluation of lung samples.
The levels of JUN and PTGS2 proteins in lung tissues were investigated using immunohistochemistry in the control, model, XFZYD-treated, and
quercetin-treated groups (n = 6).

hypoxia-inducible factor 1o (HIF-1a) in regulating early PF, particularly due to paraquat exposure, involves the beta-catenin and Snail
pathways [52]. Additionally, HIF-1a activation results in the elevation in ADORA2B receptor expression on conversely activated
macrophages, contributing to PF progression [53]. The effectiveness of resveratrol in mitigating bleomycin-induced PF has been
attributed to its inhibition of NF-xB and HIF-1a expression [54]. Acute exacerbations in the early phases of IPF are associated with
heightened levels of IL-6 and IL-8 [55], with IL-8 actively participating in the fibrogenesis of mesenchymal progenitor cells in the
context of IPF [56]. Both IL-1f and CXCLS8 are crucial in driving chemotactic responses to bronchoalveolar lavage fluid [57]. Curcumin
causes a decline in the expression of p53-PAI-1 in bleomycin-induced alveolar basal epithelial cells via IL-17A signaling
inhibition-dependent mechanism [58]. The therapeutic action of nintedanib in bleomycin-induced PF involves suppressing neutrophil
chemotaxis and endothelial cell activation. This effect is associated with increased GRK2 activity, decreased expression of VLA-4 and
CXCR2 on neutrophils, and a decline in VCAM-1 expression in endothelial cells [59]. Matrix metalloproteinase 3 (MMP-3), a pro-
teinase, has been implicated in the mediation of PF [60]. The correlation between these genes/proteins and IPF provides a foundation
for ongoing research, including investigation into previously unexplored molecular pathways.

Furthermore, molecular docking corroborated the potential interactions between key active ingredients and corresponding target
proteins in XFZYD for IPF management, thereby increasing the accuracy of the network analysis. Initial docking data unveiled strong
binding affinities between the key active ingredients of XFZYD and their corresponding target proteins, indicating their potential as
crucial foundational agents in the advancement of XFZYD for IPF treatment via associated signaling pathways. To validate this hy-
pothesis, we conducted molecular docking studies focusing on quercetin with the top two target proteins, JUN and PTGS2. Experi-
mental validation was subsequently conducted to assess the expression of JUN and PTGS2 in animal models in response to XFZYD and
quercetin intervention. The results indicated that XFZYD and quercetin improved the alveolar structure, ameliorated PF, and influ-
enced the expression of JUN and PTGS2 proteins in a bleomycin-induced IPF model. JUN and PTGS2 are closely related to the in-
flammatory pathway. We also measured the content of TNF-a, IL-6 and IL-1p in serum by enzyme-linked immuno sorbent assay
(ELISA). The results showed that XFZYD and quercetin reduced the levels of TNF-q, IL-6 and IL-1p in serum (Supplementary Figure S6).
These also provide the basis for further in-depth mechanistic research.

This study enhanced the evidence-based medicine to the effectiveness of XFZYD treatment for IPF and provided a basis for
improving the prescription, which was consistent with TCM principles. Despite some of the research methodologies in the meta-
analyses are of low quality, our extensive literature review underpins the reliability of our findings. Furthermore, we delineated
the multifaceted mechanism of XFZYD for IPF management based on the influence of multiple active ingredients, target proteins, and
signaling pathways. The application of bioinformatics techniques, including microarray analysis, network pharmacology, and mo-
lecular docking, facilitated our understanding of the pharmacological mechanisms of XFZYD for IPF management. Some chemicals and
target genes could still be missing from these databases, although they are more thorough at present. These possible compounds, target
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genes and pathways require additional investigation through experimental analysis. Molecular docking has preliminarily confirmed
potential interactions between compounds and target proteins, providing insights for further mechanistic studies of the interactions.
Experimental validation with animals substantiated the effectiveness of XFZYD and its key active ingredient, quercetin, in treating IPF
through orchestrating the expression of key target proteins JUN and PTGS2. Our research, however, primarily focused on one com-
pound and two target proteins for experiment validation, pointing to the need for broader research with the multi-compound and
multi-target approach reflecting the characteristics of TCM. Although we have established initial interactions between the compounds
and target proteins, further investigations are required to understand the precise underlying mechanisms of these interactions.

4. Conclusion

In conclusion, the present study provides robust evidence supporting the effectiveness of XFZYD for IPF treatment based on
evidence-based medicine. Furthermore, this research clarifies the interactions among the associated pathways, target genes, and active
ingredients of XFZYD for IPF management using bioinformatics tools. The findings highlight the multifaceted influence of multiple
compounds, targets, and pathways. Moreover, molecular docking and animal experiments, particularly focusing on the impact of
quercetin on JUN and PTGS2 proteins, underscore the significance of key compounds and target proteins in validating the therapeutic
potential of XFZYD.

5. Materials and methods
5.1. Search for RCTs on the effectiveness of XFZYD for IPF treatment

The literature related to the efficacy of XFZYD on PF was systematically searched from China National Knowledge Infrastructure
(https://www.cnki.net/), Wanfang Data (https://www.wanfangdata.com.cn/), Chinese Biomedical Literature database (http://www.
sinomed.ac.cn/), Chongqing VIP Database (https://qikan.cqvip.com/), Cochrane Central Register of Controlled Trials (http://www.
cochranelibrary.com/), and PubMed (https://pubmed.ncbi.nlm.nih.gov/) from the inception of each database to November 31,
2023. The search used a combination of the key term "pulmonary fibrosis" with either "Xuefu Zhuyu decoction" or "Xuefu Zhuyu Tang."
This extensive search was not limited to titles and abstracts of articles, and full texts were also examined relevant information on these
keywords. Manual examination of citations and references in the selected literature was also undertaken to pinpoint any additional
qualified trials. This process continued until no further relevant research articles could be identified [61,62].

The studies selected for our analysis were required to satisfy the following criteria: study design as RCT, subjects diagnosed with
IPF, intervention group receiving XFZYD, control group undergoing conventional therapy without TCM, and definitive outcome
measures such as clinical effectiveness or lung function tests. Studies were excluded if they had incomplete outcome data or if the
XFZYD prescription lacked essential components.

5.2. Data acquisition, quality evaluation, and meta-analysis

Data from the incorporated studies were extracted by two independent reviewers. The extracted key information encompassed the
first author’s name, publication year, sample size in each group, treatment modalities in the control and experimental groups, and
research outcomes.

The assessment of bias risk was conducted based on the guidelines from the Cochrane Reviewers’ Handbook for the seven metrics
that could potentially introduce bias: generation of random sequences, allocation concealment, blinding of patient; blinding of
assessor, incomplete outcome data, selective reporting, and other bias [63].

The extracted primary data were then systematically analyzed using RevMan 5.3 software, a tool of the Cochrane Collaboration, to
perform meta-analyses on the effectiveness of XFZYD for IPF management.

5.3. Identification of active ingredients and target genes of XFZYD

To identify the active ingredients and target genes of XFZYD, the compounds were extracted from the 11 herbs (SP, FC, RPR, RC,
RAB, RAS, RR, RP, FA, RB, and RG) using the TCMSP (https://tcmsp-e.com/tcmsp.php). This database offers a novel comprehensive
pharmacological interface for Chinese herbal medicine for understanding the interactions among herbal medicines, targets, and
diseases [64]. The active ingredients were pinpointed by applying thresholds for DL > 0.18 and OB > 30 %. OB indicates the ab-
sorption rate of active ingredients, and DL reflects the probability of a compound possessing similar physiological properties to
conventional drugs [65,66].

The TCMSP was also utilized to identify target genes linked to the active ingredients. Subsequently, the target genes, using the
query "homo sapiens," were input into the UniProt (http://www.uniprot.org/), which is known for its extensive protein sequence data
and annotation profiles [67]. Following this, official gene symbols were established as the identified target genes associated with
XFZYD.

5.4. Exploration of microarray datasets and identification of DEGs for IPF research
Microarray datasets pertaining to IPF were retrieved in the GEO database (https://www.ncbi.nlm.nih.gov/gds/) at the National
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Center for Biotechnology Information (NCBI). The search strategy was as follows: idiopathic pulmonary fibrosis [All Fields] AND
"Homo sapiens"[porgn] AND ("gse"[Filter] AND "Expression profiling by array"[Filter]). The datasets comprising gene expression data
from clinical IPF and normal samples were incorporated for further detailed examination.

The DEGs between IPF and normal samples in microarray datasets were identified through the application of the GEO2R online
platform (https://www.ncbi.nlm.nih.gov/geo/geo2r/). The differential expression analysis was carried out using "GEOquery" and
"limma" packages based on the processed data tables originally provided by submitters. DEGs were pinpointed through analysis of the
data comparing IPF and normal samples with the cutoff criteria of |log2FC| > 1 and adj P value < 0.05 [66,68].

5.5. Identification of target genes of XFZYD for IPF management

The target genes of XFZYD were matched to the DEGs in IPF studies. The target genes of XFZYD for IPF management were
determined based on their intersection with these DEGs, which were visualized using the "VennDiagram" package of RGUI software.

5.6. Analyses of GO functional and KEGG pathway enrichment

The entrezIDs for the target genes were retrieved through the application of RGUI software and the "org.Hs.eg.db" package. We then
proceeded with GO functional enrichment analysis, which includes BP, CC, and MF, using the "clusterProfiler" package. In addition,
KEGG pathway enrichment analysis was conducted to explore the involved biological pathways [69].

5.7. Establishment of ingredient-target and PPI networks

An ingredient-target network was developed and analyzed utilizing the Cytoscape 3.6.0 software along with its NetworkAnalyzer
tool [70]. In the network, the representation of nodes corresponded to ingredients and target genes, with edges symbolizing the in-
teractions between these nodes. The degree of linkage in the network was used as a basis for further investigation into the ingredients
and target genes. Key ingredients of XFZYD for IPF management were determined by analyzing the degree value associated with each
ingredient in the network.

A PPI network was established following the incorporation of the target genes into the STRING database (https://string-db.org/).
The application of the STRING database enables the identification of functional relationships in genome-wide experimental datasets
[71]. For this analysis, "homo sapiens" was selected as the research species, the lowest interaction score was set at 0.4, and other settings
were retained as default parameters to generate the PPI network. Subsequent topological analysis of the network was executed using
Cytoscape and its NetworkAnalyzer function [70]. The primary target proteins of XFZYD for IPF management were pinpointed based
on the degree value associated with each target protein.

5.8. Molecular docking validation

Molecular docking was implemented to corroborate the binding affinities between target proteins and corresponding compounds.
The molecular structures of compounds and the structures of target proteins were retrieved from the PubChem database (https://
pubchem.ncbi.nlm.nih.gov/) and the RCSB PDB database (http://www.rcsb.org/). The target proteins and compounds for molecu-
lar docking simulations were determined using AutoDock Vina and AutoDockTool 1.5.6 software [72].

5.9. In vivo experimental protocols

A total of 24 male C57BL/6 wild-type mice (aged 6-8 weeks, weighing 18-22 g) were obtained from the Animal Care Facility of
Nanjing Medical University (Nanjing, China). The mice were housed under controlled environmental conditions and were provided
with standard rodent chow and unrestricted access to water. In addition to untreated mice (Control group), the mice were administered
with bleomycin alone (Model group) or in combination with XFZYD (XFZYD group) or quercetin (Quercetin group) (n = 6 for each
group). For the induction of fibrosis, mice in the Model, XFZYD, and Quercetin groups were given 50 pl of bleomycin (5 mg/kg, HY-
17565A, MedChemExpress China, Shanghai, China), and the Control group received an equivalent dose of normal saline through
intratracheal injection using the endotracheal quantitative microsprayer aerosolizer (Shanghai Yuyan Instruments Co., Ltd., Shanghai,
China) [73]. The control and model groups received intragastric administration of normal saline the day following the modeling
procedure. In contrast, the treatment groups were subjected to daily administration of XFZYD or quercetin for a duration of 3 weeks.
XFZYD granules utilized in the study were procured from Jiangyin Tianjiang Pharmaceutical Co., Ltd. (Jiangyin, China). The dosage of
XFZYD was determined based on established clinical dosages and prior research findings [74]. In our study, the following dosages were
administered: SP at 1.56 mg/g, FC, RAB, RAS and RR at 1.17 mg/g, RPR, FA and RG at 0.78 mg/g, RC and RP at 0.59 mg/g, and RB at
0.39 mg/g. These dosages were scaled based on an adult human equivalent for a 70 kg body weight using crude drug amounts of 12 g
for SP, 9 g each for FC, RAB, RAS and RR, 6 g each for RPR, FA and RG, 4.5 g each for RC and RP, and 3 g for RB. Quercetin (HY-18085,
MedChemExpress China, Shanghai, China) was administered at a dosage of 50 mg/kg, as established in prior research findings [40,75].
On day 21, mice were anesthetized and euthanized for subsequent experimental analyses. The experimental protocols were approved
by the Ethics Committee for Animal Experiments of Nanjing University of Chinese Medicine (A211201).
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5.10. Histopathological assay of lung tissues

On day 21, the mice were humanely euthanized, and lung specimens were extracted for histopathological analysis. Lung tissues
were immersed in 10 % formaldehyde solution for 24 h to ensure proper fixation. Following this, the central sections of these tissues
were embedded in paraffin. Thin slices of 5 pm were then obtained from these paraffin-embedded blocks using a microtome. The
sections underwent HE and Masson staining to evaluate any lung tissue damage or morphological alterations. The Szapiel and Ashcroft
scores were utilized to semi-quantitatively evaluate the histopathological changes in a blinded manner. The scoring systems facilitated
the quantification of inflammatory cell infiltration, fibroblast growth, alveolar wall damage, and collagen deposition. The Szapiel score
was determined on a scale of 0-3, whereas the Ashcroft score was based on a broader range of 0-8 [74,76,77]. Detailed criteria for both
scoring systems are provided in Supplementary Table S7 (Szapiel score) and Supplementary Table S8 (Ashcroft score).

5.11. Content of HYP examination

HYP assay kit (A030-2-1) was purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). To measure the level of
HYP, lung tissues were weighed and homogenated. Alkali hydrolysis assay was conducted to investigate the content of HYP. Hydrolytic
liquid was added and the mixture was boiled in water in concordance with the instruction manual. The absorbance value was
examined at 550 nm on a spectrophotometer (RT-6100, Rayto, Shenzhen, China).

5.12. Immunohistochemical assay of lung tissues

The investigation of relevant protein expression involved the application of immunohistochemistry. Following the deparaffini-
zation process, paraffin sections underwent a 1-min treatment with 1.0 % periodate to block the activity of endogenous peroxidases.
The paraffin sections were exposed to citrate buffer and microwaved for 10 min for antigen retrieval. The sections were allowed to cool
down to ambient temperature and then rinsed with phosphate-buffered saline (PBS). Thereafter, a 30-min blocking step with normal
goat serum at 37 °C was performed, followed by overnight incubation at 4 °C with primary antibodies (Aifang biological, Changsha,
China) targeting the JUN antigen (AF00603) and PTGS2 antigen (AF03175). A negative control group was established using the
remaining slide. The following day, the slides underwent three washes with PBS, and sections were subjected to a 10-min incubation
with the secondary antibody at 37 °C. Following PBS washing, the sections underwent treatment with the streptavidin-biotin-
peroxidase complex for 10 min. Diaminobenzidine was introduced as the visualizing agent, and nuclear staining was carried out
using hematoxylin. A light microscope at a photo documentation facility (Olympus, Tokyo) was employed to examine the positive rate.

5.13. Measurement of inflammatory cytokines by ELISA

ELISA was performed to measure the content of TNF-a, IL-6 and IL-1f in serum. ELISA kit for TNF-a (AF2132-A), IL-6 (AF3066-A)
and IL-1p (AF2040-A) were provided by Aifang biological (Changsha, China). The mice were sacrificed to collect the blood. Then, the
samples were centrifuged (3500 rpm, 4 °C, 15 min) to gather supernatants. The inflammatory cytokines content was examined ac-
cording to the manufacturer’s protocol. The optical density was determined at 450 nm on a spectrophotometer (RT-6100, Rayto,
Shenzhen, China).

5.14. Statistical analysis

Meta-analysis was executed utilizing the RevMan 5.3 software. The continuous data were presented as mean differences (MDs) with
corresponding 95 % CIs, while dichotomous data were expressed as ORs with corresponding 95 % CIs. The degree of heterogeneity
among the studies was evaluated using the Q test (P-value and I2). A P value of <0.10 was indicative of significant heterogeneity.
Studies with an I? < 50 % were considered to have low heterogeneity, whereas those with I? > 50 % were categorized as having high
heterogeneity. The fixed effects model was applied for pooling data in cases without significant heterogeneity, while the random effect
model was applied in the presence of heterogeneity. P < 0.05 was established as an indicator of statistical significance.

Statistical analyses pertinent to bioinformatics approaches were carried out using various bioinformatic tools accessed from
dedicated websites, RGUI 3.6.1 software, and corresponding R packages. The cutoff criteria for DEG identification were set with |
log2FC| > 1 and adj P < 0.05. An adj P < 0.05 was designated as an indicator of statistical significance in the GO functional and KEGG
pathway enrichment analyses.

All experimental data were analyzed with GraphPad Prism 8.0 software and were presented as mean + standard deviation (SD).
Shapiro-Wilk tests were performed to determine the normality of the data distribution. One-way ANOVA with Tukey’s multiple
comparisons test was used to analyze the differences among groups for normally distributed data, and Kruskal-Wallis test with Dunn’s
multiple comparisons test was used for data not conforming to a normal distribution. P < 0.05 was established as an indicator of
statistical significance.

Ethics statement

All animal care and experimental procedures complied with the guidelines approved by the Ethics Committee for Animal Exper-
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GEO belongs to public databases. The patients involved in the database have obtained ethical approve. Users can download data for
free for research and publish relevant articles.

Data availability

Publicly available datasets were analyzed in this study. Gene Expression Omnibus (GEO; http://www.ncbi.nlm.nih.gov/geo/)
(Accessions: GSE2052, GSE21369, GSE24206, and GSE53845). The data generated and/or analyzed during the current study are
available from the corresponding author upon a reasonable request. Main data from this study are also included in this published
article (and its Supplementary Information files).
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