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Abstract: Inulae Flos is a promising herbal medicine; however, its underlying mechanism in treating glioma
remains unclear. This study aimed to elucidate the potential active ingredients and mechanisms of Inulae Flos in
glioma treatment.Differentially expressed genes (DEGs) associated with gliomas were identified by analyzing the
GSE186057 dataset. The bioactive components of Inulae Flos were searched in the Traditional Chinese Medicine
Systems Pharmacology database, and related targets were obtained from the Swiss Target Prediction database. A
protein-protein interaction (PPI) network was constructed using the STRING database. Next, the Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) of these common targets were analyzed using the DAVID
database. Finally, AutoDock Vina was used for molecular docking analysis. The tumor-suppressive properties of
the crude extract of Inulae Flos (XFH) and britanin were then evaluated with in vitro and in vivo assays.Nineteen
active ingredients were obtained from Inulae Flos, and 20 DEGs were identified as the targets of Inulae Flos in
glioma treatment. Britanin, luteolin and 1-O-Acetylbritannilactone were identified as the key ingredients. PIK3R1,
CDK2, CCNB1, MAPK1, MAPKS, CCNA2, and AR were considered to be the hub target genes of Inulae Flos in
glioma treatment. Good binding affinity was observed between the key components and hub targets. In addition, in
vitro studies showed that XFH and britanin, a key component of Inulae Flos, could inhibit the growth, migration and
invasion glioma cell lines U87 and U138, and repress the tumorigenesis of U138 cells in nude mice. Inulae Flos is
promising for glioma treatment, and it exerts its anti-tumor activities via multiple components, targets and pathways.
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Introduction

Glioma accounts for approximately 25% of primary
central nervous system tumors, with an average mortality
rate of 4.43 per 100,000 persons. Its prognosis is
extremely poor, especially for glioblastoma multiforme
(GBM) [1-4]. Currently, surgical resection combined with

radiotherapy and temozolomide (TMZ) chemotherapy is
the main treatment strategy for gliomas [5]. However, the
patients’ prognosis remains unsatisfactory [6]. Therefore,
there is an urgent need to develop novel anticancer drugs
for glioma treatment.

Inulae Flos (Xuanfuhua in Chinese) is a perennial
herb belonging to the Asteraceae family and the genus
Inulae. It is widely distributed in Asia, Africa and Europe
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and is commonly used in traditional Chinese medicine
(TCM) [7]. In China, its is often used to treat digestive
diseases, bronchitis, and some inflammatory diseases
[8, 9]. Modern pharmacological studies have shown
that the main bioactive components of Inulae Flos are
terpene lactones (e.g., 1,6-0,0-diacetylbritannilactone,
1-O-acetylbritannilactone, neobritannilactone A, and
neobritannilactone B) and flavonoids (e.g., luteolin,
patuletin, and quercetin) [10]. Inulae Flos extract can
reduce mast cell-mediated allergic reactions induced by
immunoglobulin E in animal models [11]. Polysaccharides
extracted from Inulae Flos show antidiabetic activity
in alloxacil-or streptozotocin-induced diabetic mice by
protecting B-cells [12, 13]. In addition, Japonicone A, a
natural product extracted from Inulae Flos, has significant
antitumor activity against breast cancer, non-small cell
lung cancer and myeloma [14-16]. However, the potential
value of Inulae Flos for glioma treatment remains unclear.

Network pharmacology is a powerful approach
that combines system biology, pharmacology, and
bioinformatics analysis to predict disease targets and
molecular mechanisms of drug [17, 18]. (Figure 1). This
study aimed to predict the potential active ingredients
and targets of Inulae Flos, and investigate its tumor-
suppressive properties on glioma cells, to evaluate its
value in glioma treatment.

Materials and methods

Identification and analysis of differentially
expressed genes (DEGs) in glioma

From the Gene Expression Omnibus (GEO, http://www.
ncbi.nlm.nih.gov/geo/), GSE186057 dataset (Platform:
Pancancer Pathways Panel, NanoString Technologies,
Inc.) [19] was downloaded. This database contains gene
expression data of 24 GBM tissue samples and 12 normal
tissues (adjacent normal tissue, ANT). Using GEO2R tool
(http://www.ncbi.nlm.nih.gov/geo/geo2r/), DEGs between
tumor and ANT samples were obtained. The thresholds
were P<0.05, and | log2fold change | >1, and the results
were visualized using volcano and heat maps. The ade4
package in R software was used for principal component
analysis (PCA), and the ggplot2 package was used for
visualization. The CIBERSORT algorithm was used to
analyze the immune cells of GBM and ANT samples in
the GSE186057 dataset, and a box diagram was used to
visualize the immune cell composition of the two groups
of samples. The Wilcoxon rank-sum test was used to
evaluate differences in the proportions of immune cells.
P < 0.05 was considered statistically significant. Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analyses of DEGs were
performed using the clusterProfiler package in R software.
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Screening of bioactive components and
targets of Inulae Flos

Based on oral bioavailability (OB) > 30% and drug-
likeness (DL) > 0.18, the active components of Inulae
Flos were obtained from the Traditional Chinese Medicine
Systems Pharmacology database (TCMSP, https://www.
temsp-e.com/) [20]. The SMILES files of ingredients were
obtained from the PubChem database (https://pubchem.
ncbi.nlm.nih.gov) and imported into the Swiss Target
Prediction database (http://www.swisstargetprediction.
ch) to obtain the ingredients targets, and the threshold was
probability > 0.1 [21].

Construction and analysis of protein-protein
interaction (PPI) networks at drug-disease
common targets

Common drug—disease targets were imported into
the STRING database (https://cn.string-db.org/) for
PPI analysis [22]. The species was defined as "Homo
sapiens" and the required minimum interaction score was
set to "medium confidence (0.4)". Topological network
analysis was performed using the CytoNCA plug-in in the
Cytoscape 3.9.0 software [23]. In addition, the Molecular
Complex Detection (MCODE) plug-in was used to
perform module analysis of protein targets in the PPI
network, according to default parameters [23]. The default
parameters were degree cutoff = 2, node score cutoff = 0.2,
K-score = 2, and maximum depth = 100.

GO and KEGG pathway analysis of drug-
disease common targets

Using the Database for Annotation, Visualization, and
Integrated Discovery (DAVID) database (https://david.
nciferf.gov/tools.jsp) [24], common targets of glioma and
Inulae Flos were subjected to GO and KEGG enrichment
analyses. The species were defined as “Homo sapiens”,
and P < 0.05 was used as the screening condition.

Identification and analysis of hub target
genes

Using the CytoHubba plugin in the Cytoscape 3.9.0
software [23], the top 10 key genes in PPI network
analysis were calculated using different algorithms,
such as betweenness, closeness, degree, maximal clique
centrality (MCC), radiality, and stress. The R software
UpSet package was used to screen for cross genes, which
were considered hub genes.
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Figure 1. The workflow of the present work

Construction and analysis of "component-
hub target gene-pathway' network

The top 10 KEGG terms with the most gene counts
were imported into Cytoscape 3.9.0 software to plot
the "component-hub gene-pathway" network diagram,
and the degree values of network nodes were calculated
by CytoNCA plug-in [23], so as to screen out the key
components and major hub target genes of Inulae Flos
in glioma treatment. The expression characteristics of
the hub targets in glioma tissues and non-cancerous
brain tissues in The Cancer Genome Atlas (TCGA) were
analyzed using GEPIA database (http://gepia.cancer-pku.
cn/) [25].

Molecular docking
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Molecular docking analysis was performed using
AutoDock Vina (version 1.1.2) to evaluate the ability of
key components to bind to major hub targets. The 3D
chemical structures of key components were downloaded
from PubChem (https://pubchem. ncbi. nlm. nih. gov/)
and saved in the SDF format. They were then converted
to the mol2 format using OpenBabel software (version
3.1.1). From the Protein Data Bank (PDB; https://
www.rcsb.org/), X-ray crystal structures of the major
hub targets were downloaded. All protein receptor and
molecular ligand files were converted to pdbqt files using
the AutoDockTools software (version 1.5.7). Molecular
docking was performed using the AutoDock Vina software
[26]. When the binding energy is less than zero, proteins
and molecules can spontaneously bind [27]. The PyMOL
software was used to visualize the docking results [26].
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Cell culture

Human glioma cell lines U87 and U138 were purchased
from the American Type Culture Collection (ATCC,
Manassas, VA, USA). The cells were placed in a diet
containing Dulbecco's Modified Eagle's Medium (DMEM;
Invitrogen, Carlsbad, CA, USA) with 10% fetal bovine
serum (FBS; Gbico, Carlsbad, CA, USA), 100 U/mL
penicillin and 100 pg/mL streptomycin in an incubator
containing 5% CO, at 37 .

Preparation of Inulae Flos extract

For the extraction of Inulae Flos, 40 g Inulae Flos
(Qiancao, Xi’an, China) was heated in 500 mL boiling
water for 30 min, and then the liquid was collected after
filtration. The residue was then heated in 250 mL of
boiling water for 30 min, and then the liquid was also
collected after filtration. The liquids were mixed, and
a freeze drying process was performed to obtain the
medicinal powder. The powder was then dissolved in
dimethylsulfoxide (DMSO; Beyotime, Shanghai, China),
and diluted by the medium, and filtered by 0.22 pm filter
twice. The crude extract of Inulae Flos was named as XFH
(short for the Chinese name of Inulae Flos, Xuanfuhua).

Cell viability assay

Cell counting Kit 8 (CCK-8; Beyotime, Shanghai,
China) was used to detect cell viability. U87 and U138
cells were seeded into 96-well plates at a density of 3x103
cells per well. After overnight incubation, the cells were
treated with XFH (0, 12,5, 25, 50, 100 pg/ml), or britanin
(98.0% purity, CAS No. 33627-28-0, Bohu Biotechnology
Co., Ltd, Shanghai, China) (0, 1, 3, 5, and 7 uM) for 24
h. Then, 10 pl of CCK-8 was added to each well of the
plate and the cells were further incubated for 4 h. Optical
density (OD) was measured at 450 nm.

Transwell assay

The migration and invasion abilities of the glioma
cells were analyzed by Transwell assay. In the migration
experiment, after U87 and U138 cells were treated with
XFH (100 pg/ml) or britanin (7 uM) for 24 h, they were
re-suspended in 200 pL of serum-free medium and the
cell suspension was added into the upper compartment
of a Transwell system (8-um pore size. Corning, NY,
USA). The lower compartment was supplemented with
750 uL complete medium. After culturing for 48 h, the
cells on the below surface of the membrane were fixed
with methanol for 30 min and stained with 0.1% crystal
violet for 10 min. After the membrane was washed by tap
water to remove the excessive dye, 6 fields were randomly
selected under the microscope to observe and count the
cells. The invasion experiment was similar, except that the
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membrane was pre-coated with a layer of Matrigel (BD
Bioscience, San Jose, CA, USA).

In vivo tumorigenesis assay

The Laboratory Animal Ethics Committee of Renmin
Hospital of Wuhan University approved the animal
experimental procedures in this study (WDRY2021K070).
A total of 9 6-week-old male nude mice were used (BALB/
C, Model Animal Center of Wuhan University, kept in
SPF condition with free access to food and water). The
nude mice were randomly divided into three groups
[blank control group, XFH treatment group, and britanin
treatment group, 3 mice in each group]. U138 cells were
treated with XFH (100 pg/ml) or britanin (7 pM) for 24h.
Then cell suspension was prepared, and the concentration
was adjusted to 1 x 108 cells /ml, and the inoculation
volume was 0.1 ml. The cell suspension was injected into
the subcutaneous tissue of the back of nude mice through
a sterile syringe. After injection, the tumor growth was
checked regularly. By measuring the length and width
of the tumor, the tumor volume was calculated using the
formula V = 1/2 x length x width. After 24 days, the nude
mice were euthanized, and the tumors were isolated and
weighted.

Statistical analysis

For in vitro assays, all experiments were conducted
independently in triplicates. All data are expressed as
mean + standard deviation (SD). SPSS (version 21.0; IBM
Corp., Armonk, NY, USA) was used for all the statistical
analyses. Multivariate comparisons were performed using
one-way analysis of variance (ANOVA) and Tukey’s post
hoc test. P < 0.05 was considered statistically sign

Results
Identification and analysis of DEGs in glioma

GSE186057 was used to identify the DEGs in GBM.
PCA showed significant differences between GBM and
ANT tissue samples (Figure 2A). Notably, 271 DEGs,
including 123 upregulated and 148 downregulated genes,
were found between GBM and ANT tissues (Figures 2B,
C; Table 1). The CIBERSORT algorithm was used to
calculate the proportion of 22 types of immune cells in
GBM and ANT samples (Figures 3A and B). Compared
with ANT, the infiltration of B cells memory, naive B
cells naive, macrophages M0, macrophages M2, Mast
cells activated, resting mast cells resting, plasma cells
and T cells CD4 memory activated were reduced in
GBM tissues, while the infiltration of neutrophils, T
cells CD4 memory resting, T cells, CD8 T cells, and
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gamma delta T cells was increased (Figure 3C). GO and
KEGG enrichment analyses were performed to study
the biological functions and mechanisms of these DEGs.
GO analysis showed that these DEGs were mainly
enriched in peptidyl-tyrosine phosphorylation, peptidyl-
tyrosine modification, regulation of MAP kinase activity,
regulation of peptidyl-tyrosine phosphorylation, and
epithelial cell proliferation (Figure 3D). KEGG analysis
showed that 182 pathways were associated with DEGs (P
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< 0.05). The top 10 pathways with the lowest P value were
the MAPK signaling pathway (hsa04010), Ras signaling
pathway (hsa04014), breast cancer (hsa05224), PI3K-Akt
signaling pathway (hsa04151), gastric cancer (hsa05226),
human papillomavirus infection (hsa05165), melanoma
(hsa05218), Rapl signaling pathway (hsa04015), acute
myeloid leukemia (hsa05221), and proteoglycans in
cancer (hsa05205) (Figure 3E).
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Figure 2. Identification of DEGs in glioma
A.PCA diagram of GSE186057; B. The expression patterns of the DEGs are shown in a volcano map. Red and blue dots represent
upregulated genes (log2FC > 1) and downregulated genes (log2FC < —1), respectively. Gray dots represent genes with no significant
difference in expression; C.Heat map of DEGs in GBM and ANT tissues.
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Table 1. Screening DEGs in glioma

DEGs

Gene symbol

Upregulated
gene

Downregulated
gene

TP53, MYD88, MCM7, BRCA2, NOTCHI, CDK2, SP1, TNC, HISTIH3B, MYC, LAMAS, BRCAI,
EIF4EBP1, HIST1H3G, PLCEI, TCF7L1, CHEK1, SMO, POLD1, IKBKB, FANCC, FLNA, WEEI, STAT3,
RELA, TNFRSF10B, MCMS5, EZH2, MCM2, CDKN2C, GADD45A, ATM, PDGFC, ITGA7, TCF3, PML,
IDHI, ABL1, RUNX1, NOTCH3, JAG1, ITGB4, HIST1H3H, VEGFA, CLCF1, CCNA2, PCNA, MAML?2,
SOCS3, ITGB3, HSPB1, BLM, HDAC1, MAP3K 1, HSPA6, NUPR1, PIM1, ARID2, FLNC, TTK, FANCE,
MUTYH, TLR2, RAD51, HELLS, EPHA2, BAX, CASPS, SPRY4, HES1, PLAU, CD14, SPP1, H3F3A,
LFNG, H2AFX, DDB2, WNTSA, MFNG, MAP3K 14, PKMYTI1, FGF11, CDC25B, COL27A1, HSP90BI,
TGFBI1, PBX3, CDC25C, FZD7, LAMB4, HSPA1A, GADD45B, ETV4, MAD2L2, PIK3R5, BRIP1, IL6R,
B2M, FANCG, CCND1, RASA4, CCNB1, FANCA, CHEK2, PGF, PRKX, SHC1, RAC2, FAS, POLE2,
DLL4, ERBB2, ID1, CDK6, SPRY2, AR, LEF1, ILIRAP, GNG12, IL2RB, SOCS1, SPRY 1, DLLI

MAPK9, PPP3R1, FBXW7, MAPK1, PPP3CA, PRKACB, DUSPS, MAP2K4, STAT4, PRKAR2B, AKT3,
LIG4, PPP3CB, SKP1, MAPK3, NF1, COL24A 1, PRKAA2, PPP2R2B, PRKCB, CACNB4, WIF1, MAPKS,
PRKCG, CACNB2, ACVR2A, FGF12, WNTI10B, PRKACA, BRAF, MAP2K1, PPP2R1A, MAPKI0,
BNIP3, TIAMI1, PRKARIB, CCNA1, PTPRR, TSPAN7, TBLI1XR1, IL12RB2, BDNF, RASGRF1, NPM2,
CACNAIE, PPP3R2, RASGRF2, SHC3, EFNA3, PIK3R1, CHAD, SIRT4, CACNAIC, HDACI11, PLCBI,
FIGF, STMN1, PLA2G4E, MPL, GRIN2B, CALML3, RELN, PRMTS, RNF43, GRIN2A, FUT8, ARNT2,
MSH2, FGFR2, CACNA2DI, FGF16, MAP3K13, CDKN2D, PAK3, RASGRPI, PPP2R2C, RASALI,
MAPT, RUNXITI1, WNT2, ACVRIC, FGF13, ACVRIB, GATA 1, MPO, FGF21, PAK7, FGF22, CAMK2B,
MAPKSIP2, FANCL, MAPKSIP1, IL23R, FGF4, DKK4, WNT2B, GRINI, WNT10A, RPS6KAS, CALMLS,
PRKACG, IL22RA2, CACNA2D3, FGF23, NTRK2, CACNA1D, CACNA2D2, MRE11A, DKK2, PAXS,
COL6AG6, FGF14, RPS6KA6, FZD3, IFNA2, KIT, PLA2G4C, PITX2, PTPNS, PLA1A, PLA2G4F, CREB3L3,
LEFTY1, FASLG, FGF20, FGF9, HSPA2, FLT3, CCNO, FGF10, FGFS5, PPARGC1A, WNT16, EFNAS,
DUSP2, SMC1B, TPO, TNF, BAIAP3, KLF4, FGF7, HNF1A, MGMT, FGF8, CBLC, FGF17, FGFR3, LRP2

Note. DEGs, differentially expressed genes.

Screening of active constituents and their
targets of Inulae Flos

According to OB > 30% and DL > 0.18, 19 potentially
active components were obtained from the TCMSP
database. Basic information of the active ingredients is
provided in Table 2. Subsequently, the targets of these
active ingredients were predicted using the Swiss Target
Prediction database and 324 drug targets were identified
after merging and deleting duplicate candidates.

Construction and analysis of PPI network for
drug-disease common targets

To obtain the target of Inulae Flos in glioma treatment, 20

common targets were obtained from the 324 drug targets
and 271 DEGs mentioned above (Figure 4A). These 20
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common drug-disease targets were then imported into the
STRING database for PPI network construction. As shown
(Figure 4B), a PPI network with 20 nodes and 57 edges
was constructed. The average node degree of the network
was 5.7 and the average local clustering coefficient was
0.495. Furthermore, the topological parameters of the PPI
network were analyzed, and all nodes were arranged in a
circleaccording to the degree value, which was proportional
to the size of the node and the shade of the color (Figure
4C). In addition, module analysis of the PPI network was
performed, resulting in a subnetwork of 7 nodes and 19
edges (score = 6.333, Figure 4D).
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Table 2. Details of active compounds in Inulae Flos

Mol ID Molecule Name (00/3 DL Target Pubchem Cid Molecular structure
MOL003044 Chryseriol 35.85  0.27 103 5280666
MOLO003398 Pratensein 39.06  0.28 60 5281803
MOL000354 I[sorhamnetin 49.6  0.31 103 5281654
MOLO000358 Beta-Sitosterol 3691 0.75 44 222284
MOL000363 beta-Amyrin palmitate 32.68 0.3 2 13915599 o ‘gg‘?:gé
A Aot s
MOLO003851 Isoramanone 3997 051 N/A N/A
MOLO004083 Tamarixetin 3286 031 103 5281699 !
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OB

Mol ID Molecule Name (%) DL  Target Pubchem Cid Molecular structure
MOLO004089 1-O-Acetylbritannilactone ~ 30.12  0.22 109 75528891 \ﬂ/ °vw-§/é:f§10
MOL004090 DTXSID00955263 73.35  0.22 111 442263
MOL004092 . tyh’)?i_t(a)rjlgi_lac one 3903031 1 10360513 I \A/gt{:
MOL004093 Azaleatin 5428 0.3 103 5281604
MOL004094 Britanin 3373 041 105 5315501
MOL004096 Epifriedelanol acetate 31.18  0.74 15 13688752
MOL004101 Melilotoside 36.85 0.26 8 5280759
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OB

Mol ID Molecule Name (%) DL  Target Pubchem Cid Molecular structure
MOLO004112 Patuletin 53.11 034 103 5281678
MOL000422 Kaempferol 41.88 024 103 5280863
MOLO000596 Taraxasterol acetate 43.08 0.74 19 13889352
MOLO000006 Luteolin 36.16 025 103 5280445
MOLO000098 Quercetin 4643 028 103 5280343

Note. OB, oral bioavailability; DL, drug-likeness.

GO and KEGG enrichment analyses of drug-
disease common targets

To further explore the mechanism of Inulae Flos in
glioma treatment, GO and KEGG enrichment analyses
were performed based on common drug—disease targets.
GO analysis revealed a total of 85 GO terms, including
60 biological processes (BP), 9 cell components (CC),
and 16 molecular functions (MF). The top 10 BP,
CC, and MF terms with the highest gene counts were
selected for visualization. As shown (Figure 4A), BP was
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mainly associated with protein phosphorylation, signal
transduction, positive regulation of transcription, DNA
templated, G2/M transition of the mitotic cell cycle, and
peptidyl-serine phosphorylation. CC was mainly associated
with the cytosol, nucleus, nucleoplasm, cytoplasm, and
plasma membrane (Figure 5A). MF was associated with
protein binding, protein serine/threonine/tyrosine kinase
activity, ATP-binding protein serine/threonine Kkinase
activity, and protein kinase activity (Figure 5A). In KEGG
enrichment analysis, 104 pathways were identified. The
top 10 predicted pathways with the highest gene counts
are shown, including pathways in cancer (hsa05200),
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the MAPK signaling pathway (hsa04010), acute
myeloid leukemia (hsa05221), and myeloid leukemia
(has05221). progesterone-mediated oocyte maturation
(hsa04914), cellular senescence (hsa04218), human
T-cell leukemia virus 1 infection (hsa05166), microRNAs
in cancer (hsa05206), hepatitis B (hsa05161), human
immunodeficiency virus 1 infection (hsa05170), and the
Ras signaling pathway (hsa04014) (Figure 5B). The top
20 KEGG pathways with the highest gene counts were
classified. These KEGG pathways were divided into four
main categories: environmental information processing,

A

Inulae Flos

Glioma

cellular processes, organismal systems, and human
diseases (Figure 5C). In addition, secondary classification
of all KEGG pathways was performed (Figure 5D). These
pathways were mainly related to signal transduction, cell
growth and death, eukaryote cellular community, transport,
and catabolism.

Figure 4. PPI network analysis of the targets of Inulae Flos for glioma treatment
A. Venn diagram is used to screen out the shared genes from target genes of Inulae Flos and DEGs in glioma; B. PPI network of the
common genes. Nodes represent proteins and edges represent protein-protein interactions; C. CytoNCA plug-in is used to calculate the
degree values of the PPI network nodes. The larger the degree value, the larger the node; D. MCODE plug-in is used to screen highly
interconnected clusters in PPI network. MCODE score = 6.333.
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Figure 5. GO and KEGG enrichment analysis of the targets of Inulae Flos for glioma treatment
A. Histogram of the top 10 biological processes (green), cell components (red), molecular functions (blue) associated with Inulae Flos
with the most gene counts (P < 0.05); B. Sankey and bubble maps of the top 20 KEGG pathways with the most gene counts. On the left
side of the diagram is the sankey diagram, which represents the genes contained in each pathway. On the right is the bubble map, the
size of the bubble represents the gene count, and the color of the bubble represents the P-value; C. Classification diagram of the top 20
KEGG channels; D. Secondary classification diagram of all KEGG channels.

Table 3. The top 10 target gene rank in CytoHubba

Rank Betweenness Closeness Degree MCC Radiality Stress
1 MAP2K1 CCNA2 CCNA2 CCNA2 CCNA2 MAP2K1
2 PIK3R1 PIK3R1 PIK3R1 CCNB1 PIK3R1 PIK3R1
3 CCNBI1 CCNBI1 CCNB1 CDK2 CCNB1 CCNA2
4 CCNA2 MAP2K1 MAP2K1 CDK6 MAP2K1 CCNBI1
5 MAPT CDK2 CDK2 CHEK1 MAPK1 MAPT
6 CDK2 MAPK1 AR CDC25B MAPKS CDK2
7 MAPKS8 AR MAPKI1 MAPK1 CDK2 MAPK1
8 MAPK1 MAPKS CDK6 AR CHEK1 AR
9 AR CHEK1 MAPKS8 MAPKS8 AR MAPKS8
10 CHEK1 CDK6 MAPT PIK3R1 CDK6 CHEK1
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Table 4. Hub target information of Inulae Flos in the treatment of glioma

Gene Uniprot ID Description Betweenness Closeness Degree MCC Radiality Stress
phosphoinositide-
PIK3RI1 P27986 3-kinase s 40106007 13.5 9 30 2722222222 112
regulatory subunit
1
CDK2 P24941 CYCIES;PSdem 16.11483516  13.16666667 9 154 2611111111 60
CCNBI P14635 cyclin B 33.03388278 13.5 9 163 2.722222222 86
MAPK1  Pp2gagy ~ Mitogen-activated ) oc60,0, 13 8 48 2.666666667 54
protein kinase 1
MAPKS  pasog ~ Mmitogen-activated g 0060470, 125 7 32 2611111111 48
protein kinase 8
CCNA2  P20248 cyclin A2 2221312576 14 10 180  2.777777778 92
AR P10275 androgen receptor  11.92478632 12.5 8 42 2.5 50
8
A i PIK3R1, CDK2, CCNB1, MAPK1,
6 MAPK8, CCNA2 and AR
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Figure 6. Identification of hub target gene in treatment of glioma by Inulae Flos
A. The upset map of Betweenness, closeness, degree, MCC, radiality and stress algorithms; B. Circos graph is generated using the
Circos package in R software. The outer layer of the Circos diagram shows chromosome positions, and the inner layer represents the
differentially expressed hub genes; C. Histogram is used to map the differential expression of hub gene in GBM and ANT tissues.
The X-axis is the gene, and the Y-axis is the change fold. Red means up-regulated, above the X-axis; Blue is down-regulated, below
the X-axis; D. Correlation coefficient network of the hub genes’ expression in GBM tissues. The larger the correlation coefficient, the

thicker the line. Blue indicates a negative correlation and red indicates a positive correlation.
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Construction of ""component-hub target gene-
pathway' network

Subsequently, the bioactive components of Inulae Flos,
the hub target genes and top 10 pathways with most gene
counts were imported into Cytoscape 3.9.0 to construct
the "component-hub target gene-pathway" network. The
network consisted of 32 nodes and 104 edges (Figure
7A). In this network, the five hub genes with the highest
degree values were PIK3R1 (degree value = 17), CDK2
(degree value = 15), CCNBI (degree value = 14), MAPK1
(degree value = 13), and MAPKS (degree value = 8). The
three active ingredients with the highest degree values were
britanin (degree value = 7), luteolin (degree value = 5), and
1-O-Acetylbritannilactone (degree value = 5) (Figure 7B).
The expression characteristics of the the 5 potential targets
and AR, CCNAZ2, were also investigated with the data from
TCGA, and the results showed that compared with non-
cancerous brain tissues, the expression of CDK2, CCNBI,
CCNA2 and AR was highly expressed in GBM tissues,
however the expression of PIK3R1, MAPK1 and MAPKS
was not remarkably changed (Figure 7C-I).

Molecular docking of key components and
major hub genes

Inordertoexploretheinteractionbetweenactivecomponents
of Inulae Flos and predicted hub targets, 3 key components
(britanin, luteolin, and 1-O-Acetylbritannilactone) and
5 major hub targets (PIK3R1, CDK2, CCNB1, MAPKI,
and MAPKS) were selected for molecular pairing Binding
energies less than 0 kcal/mol indicate possible binding
between two molecules, and binding energies less than
—5.0 kcal/mol indicate strong binding activity between
molecules [27, 28]. The results showed that britanin,
luteolin, and 1-O-Acetylbritannilactone had good binding
affinities for the five targets (Figure 8A-E). The docking
results implied that the role of Inulaec Flos in glioma
treatment was dependent on multiple components and
targets.

XFH and britanin inhibited growth and aggressiveness
of glioma cells

To verify the potential function of Inulae Flos in glioma
treatment, the crude extract of Inulae Flos (XFH) was used
to treat glioma cells in vitro. Britanin, a key component
of Inulae Flos, was also selected to treat the cells. U87
and U138 cells were treated with different concentrations
of XFH (0, 12,5, 25, 50, 100 pg/ml) or britanin (0, 1, 3,
5, and 7 uM) for 24 h and cell viability was determined
using the CCK-8 method. As shown (Figure 9A-D), XFH
and britanin exhibited significant anti-growth activity in
both the U87 and U138 cells in a concentration-dependent
manner. Transwell assay showed that XFH (100 pg/ml)
and britanin (7 uM) respectively repressed the migration
and invasion abilities of U87 and U138 cells (Figure 9E-J).

Diagnostics and Therapeutics

Additionally, after U138 cells were treated with XFH (100
pg/ml) or britanin (7 uM), the tumorigenesis ability in nude
mice was significantly reduced (Figure 10). These data
further support the hypothesis that Inulae Flos and britanin
have tumor-suppressive properties for gliomas.

Discussion

Using a dataset of gene expression profiles, 271 DEGs
(GBM tissues vs. ANT) were identified in the present study.
Bioinformatic analysis suggested that these DEGs play a
key role in multiple biological processes and pathways.
Our findings suggest that the pathological mechanisms
underlying gliomas are complex. Therefore, there is a need
to develop novel treatment strategies that can modulate
multiple targets and pathways in gliomas to improve the
patients’ prognosis. Herbal medicines consist of multiple
bioactive components that may exert pharmacological
effects [29-32]. In recent years, TCM has shown great
value in the treatment of glioma [30-32]. For example,
extracts of Curcumae Longae Rhizoma and Crocus sativus
L. can inhibit the malignant biological behaviors of
gliomas by regulating the immune-inflammatory response
[31, 32]. Previous studies have shown that Inulae Flos has
multiple pharmacological effects, including anti-tumor
effects [10-16]. However, to the best of our knowledge,
its pharmacological mechanism for treating glioma has
not yet been studied. In the present work, it was observed
that the crude extract of Inulae Flos has significant tumor-
suppressive effects on glioma cells.

Through network pharmacological analysis, we identified
three key components of Inulae Flos, britanin, luteolin, and
1-O-Acetylbritannilactone, which can interact with multiple
targets. Britanin, a sesquiterpene lactone compound, has
significant antioxidant and anti-inflammatory activities
[33]. Britanin has significant anti-proliferative activity
against human prostate carcinoma, gastric carcinoma,
pancreatic carcinoma, and triple-negative breast carcinoma
[33-36], and in the present work, in vitro and in vivo assays
have also supported that britanin represses the growth of
glioma cells. Luteolin (3,4,5,7-tetrahydroxy flavone) is a
flavonoid found in various plants including vegetables,
herbs, and fruits. In vitro and in vivo studies suggest that
it can be used as an anticancer agent against various types
of human malignancies such as lung carcinoma, breast
carcinoma, GBM, prostate carcinoma, colonic carcinoma,
and pancreatic carcinoma [37]. There is evidence that
1-O-Acetylbritannilactone has a variety of biological
effects, including anti-inflammatory, anti-bacterial, anti-
hepatitis, anti-diabetes, and anti-tumor effects [38-40].
Together with these reports, our findings suggest that Inulae
Flos may block glioma progression via britanin, luteolin,
and 1-O-Acetylbritannilactone.
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Figure 7. Construction of the "component-hub target gene-pathway" network
A. Construction of the “component-Hub target gene-pathway” network using Cytoscape 3.9.0 software. A V-shaped node represents a
pathway; a circular node represents a target; triangular node represents glioma; a diamond node represents a component; square node
represents Inulae Flos. The node size or color shade is proportional to the magnitude of the degree value; B. Bar chart of degree value
statistics of the "component -hub target gene-pathway" network; C-I. The expression levels of PIK3R1 (C),CDK2 (D), CCNBI1 (E),
MAPKI1 (F), MAPKS (G), CCNA2 (H), AR (I) in GBM tissues and non-cancerous brains tissues were analyzed using GEPIA database.
*P<0.001.
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MAPKS (4QTD) Britanin (-6.0 kcal/mol) Luteolin (-6.1 kcal/mol) 1-O-Acetylbritannilactone (-6.1 kcal/mol)

Figure 8. 3D molecular docking diagram of key components and hub targets
A-E. Molecular docking diagram of key components britanin, luteolin, 1-O-Acetylbritannilactone and major hub targets PIK3R1 (A),
CDK2 (B), CCNBI (C), MAPK1 (D), MAPKS (E). Purple represents key components (ligands), orange represents amino acid residues
surrounding the binding bag, and yellow dashed lines represent hydrogen bonds.
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Figure 9. Crude extract of Inulae Flos and britanin inhibited the viability and aggressiveness of glioma cells
A-B. CCK-8 assay was used to evaluate the effects of different concentrations of XFH (0, 12,5, 25, 50, 100 pg/ml) on the viability of
the U87 (A) and U138 (B) cells; C-D. CCK-8 assay was used to evaluate the effects of different concentrations of Britanin (0, 1, 3, 5,
and 7 pM) on the viability of the U87 (C) and U138 (D) cells; E-F. A-B. CCK-8 assay was used to evaluate the effects of 100 pg/ml
XFH on the migration ability and invasion ability of the U87 (A) and U138 (B) cells; G-H. A-B. CCK-8 assay was used to evaluate the
effects of 7 uM Britanin on the migration ability and invasion ability of the U87 (G) and U138 (H) cells; I-J. The quantitative results of
Transwell assays.**P < 0.01, ***P < 0.001, compared with the control group.

48 | Volume 3 Issue 1, 2024 Diagnostics and Therapeutics



Control 5001 -e- Control 0.5 ik
— -# XFH
€ 400-] —»- Britannin 5 044
£ 2
2 300+ s S 0.3
XFH £ 3 $
$ 200 5 0.2-
Britanni g 5
ritannin S8 £ 1001 2 04
0 T T T T T 1 0.0-
0 4 8 12 16 20 24 Control XFH Britannin

Time (days)

Figure 10. XFH and Britanin inhibited the growth of glioma cells in vivo
A.U138 cells were inoculated into the subcutaneous tissues of nude mice. This figure shows the tumors in control group, XFH treatment
group, and britanin treatment group; B.The tumor volume of the mouse in each group was measured every 4 days; C.The weights of the
tumor in each group were measured and compared.**P < 0.01, ***P < 0.001, compared with the control group.

Our study reported that PIK3R1, CDK2, CCNBI,
MAPKI1, MAPKS, CCNAZ2, and AR, with high topological
parameters, were hub targets of Inulae Flos in the treatment
of glioma. We also analyzed the GES186057 dataset
and found that PIK3R1, MAPKI, and MAPKS were
downregulated, whereas CDK2, CCNB1, CCNA2, and
AR were upregulated in GBM tissues. A previous study
reported that the expression of PIK3R1 is low in glioma
and its high expression is associated with good prognosis
in glioma patients [41], which is consistent with our
findings. In addition, CDK2, CCNB1, CCNA2, and AR
have been reported to be overexpressed in gliomas and
are associated with poor patient prognosis[42-44], which
is consistent with our findings. MAPK1 knockdown can
inhibit the phosphorylation of its downstream proteins,
thereby inhibiting the proliferation of glioma cells and
inducing apoptosis [45]. MAPKS is upregulated in TMZ-
resistant GBM cells, which promotes resistance to TMZ of
cancer cells by activating the MAPK signaling pathway,
accelerates cell proliferation, and inhibiting cell apoptosis
[46]. In our work, molecular docking showed that the 5
major hub targets (5 major hub targets (PIK3R1, CDK2,
CCNBI1, MAPK1,and MAPKS)) have good binding affinity
to britanin, luteolin, and 1-O-Acetylbritannilactone, which
suggests that Inulae Flos may suppress the proliferation,
aggressiveness and chemoresistance of glioma cells via
these hub targets.

KEGG analysis showed that the treatment of glioma
by Inulae Flos involved multiple pathways, including
the MAPK, Ras, and PI3K-Akt signaling pathways. The
MAPK signaling pathway plays a key role in supporting
tumor survival and proliferation [45-47]. The Ras signaling
pathway is an important part of the cell signaling pathway
and plays a crucial role in carcinogenic signaling [48]. The
PI3K-Akt signaling pathway is closely associated with the
progression of various cancers, and targeting the PI3K-
Akt signaling pathway is a promising strategy for glioma
treatment [49]. However, the regulatory effects of Inulae
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Flos and its functional components on these pathways
remain to be investigated in molecular biological studies.

Itis necessary to claim that because the completeness of the
databases used in this work is uncertain, some components
and targets may be missed, and more open-access databases
and more diverse omics data will be helpful to further
clarify the role of Inulae Flos and its targets in glioma
treatment[50]. What’s more, based on molecular docking
the binding affinity between the components of Inulae
Flos and the hub targets, should be further validated with
techniques such as molecular dynamics simulation[51].
Additionally, the blood-brain barrier permeability of the
active components including britanin, should be carefully
considered in future studies, which is crucial for clinical
applications, and the safety and efficacy require more data
from clinical trials.

Conclusion

Inulae Flos may play an important role in the treatment
of glioma by acting on multiple targets and pathways
via multiple bioactive components. Our findings provide
crucial information regarding the pharmaceutical values
of Inulae Flos, and suggest that the bioactive components
of Inulae Flos, including britanin, are promising candidate
drugs for clinical treatment of glioma.
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