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Abstract

Scutellarin, a flavonoid compound found in Scutellaria barbata, has been demonstrated to exert anti-cancer properity in a
variety of human malignancies. However, its biological significance and underlying mechanism in glioblastoma (GBM) remain
ambiguous. Network pharmacology approaches and molecular docking technologies were used to predict the crucial biological
processes, candidate targets and signaling pathways of scutellarin against GBM. CCK-8, EdU, and colony formation experiments
were performed to determine the effects of scutellarin on cell proliferation. Flow cytometry analysis was utilized to detect
apoptosis. Western blot assays were used to measure the expression of proteins associated with EGFR-PI3K-AKT signaling.
Through network pharmacology and molecular docking analysis, we found that EGFR might be a potential target and PI3K-AKT
signaling might be the key signaling pathway for scutellarin to combat GBM. Scutellarin inhibited cell proliferation and induced
apoptosis in a dose-dependent manner. Scutellarin also suppressed the phosphorylation level of EGFR in a dose-dependent
manner. Scutellarin inactivated PI3K-AKT signaling by targeting EGFR. Moreover, scutellarin-mediated suppression of cell
proliferation and increase of apoptosis was greatly reversed in GBM after overexpressing EGFR. Taken together, scutellarin is

a novel inhibitor of EGFR-PI3K-AKT signaling to prevent GBM progression.

Keywords: network pharmacology; scutellarin; glioblastoma; EGFR-PI3K-AKT.

Practical Application: Scutellarin exerts inhibitory effects on glioblastoma progression.

1 Introduction

Glioblastoma (GBM) is the most common and aggressive
primary tumor of the central nervous system (CNS), accounting
for 47.1% of all malignant brain tumors (Thakkar et al., 2014).
The incidence of GBM is increased with age, with 13.16 cases
per 100,000 population from 2000 to 2017 (Chen et al., 2021).
Due to high invasiveness and relapse rate, GBM patients usually
have a dismal prognosis, with the five-year and ten-year survival
rate is merely 5.5% and 0.71% (Ostrom et al., 2017; Tykocki
& Eltayeb, 2018). Despite that surgery resection followed by
radiochemotherapy has improved the survival rate of GBM
patients, serious adverse reactions and drug resistance greatly
limit their clinical efficacy (Zanders et al., 2019; Peng et al,,
2020). GBM patients can only obtain a modest 14-month overall
median survival period after diognosis (Delgado-Lépez &
Corrales-Garcia, 2016). Thus, developing effective anti-cancer
drugs with low toxicity as alternative treatments becomes a trend.

Traditional Chinese medicine (TCM) has gained increasing
attention in human cancers with the characteristic of multiple-
targets and less toxicity (Hanachi et al., 2020; Zhou et al., 2021).
Natural products have been reported to exert physiological
effects in GBM by regulating signaling pathways associated
with cell viability, apoptosis, migration/invasion, angiogenesis,

and chemoresistance (Abbas et al., 2020; Erices et al., 2018).
Scutellarin, an flavonoid glucuronide from Erigeron breviscapus,
is demonstrated to possess multiple pharmacological activities,
such as anti-oxidant, anti-inflammation, vascular relaxation, anti-
platelet, anti-coagulation, and myocardial protection (Wang &
Ma, 2018). Scutellarin is found to exert anti-cancer properties by
modulating cell proliferation, apoptosis, autophagy, migration,
invasion, adhesion, and angiogenesis in various malignancies,
such as esophageal cancer (Liu et al., 2019a), non-small cell
lung cancer (Sun et al., 2018), melanoma (Li et al., 2019),
colorectal cancer (Xiong et al., 2020), gastric cancer (Li et al.,
2021), hepatocellular carcinoma (Liu et al., 2019b), and breast
cancer (Hou et al,, 2017). A previous document revealed that
scutellarin inhibited cell metastasis and chemoresistance in
glioma in vitro (Tang et al., 2019). However, the detailed action
targets and molecular mechanisms of scutellarin against GBM
remain unclear.

Network pharmacology, an emerging discipline intergrating
bioinformatics, systems biology, and pharmacology, is of great
help to rational and cost-effective drug development. Network
pharmacology aims to construct a comprehensive “drug-target-
disease” model by analyzing the biological network and screening
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out the nodes of particularly interest (Hao & Xiao, 2014). Network
pharmacology approach has been regarded as a powerful tool
to reveal the molecular mechanism of Traditional Chinese
Medicine (TCM) and natural compounds in human diseases
(Kibble et al., 2015; Yuan et al., 2017). In the current study, we
used a network pharmacology method to explore the key targets,
biological functions and associated pathways of scutellarin to
treat GBM. Then, we performed in vitro experiments to confirm
the the proposed effects and mechanisms of scutellarin as an
anti-GBM agent.

2 Materials and methods

2.1 Differentially expressed genes (DEGs) analysis

The GSE108474 datasets containing 221 GBM tumor tissues
and 28 normal brain tissues were downloaded from the GEO
database (Clough & Barrett, 2016). The DEGs were displayed
as volcano plot. The DEGs with adjusted P < 0.05 and |log2Fold
Change (FC)| = 1 were considered statistically significant. The
DEGs with adjusted P < 0.05 and [log2Fold Change (FC)| > 2
were also presented as heat map by a freely available web server
heatmapper (Babicki et al., 2016).

2.2 Collection of targets related to scutellarin

The potential targets of scutellarin were collected by
using PharmMpper (Wang et al., 2017) with normal fit score
> 0.3, TargetNet (Yao et al., 2016) with probability > 0, and
SwissTargetPrediction (Daina et al., 2019) with probability > 0.
After deleting the duplicates, we obtained the putative targets
of scutellarin.

2.3 Genes associated with GBM and scutellarin

The common targets of GBM and scutellarin were presented
in the form of a venn diagram. The expression difference of
overlapping genes were displayed by a heat map.

2.4 Network establishment

The Protein-Protein Interaction (PPI) network of overlapping
genes was constructed using String database (Szklarczyk et al.,
2017) and visualized by Cytoscape 3.7.2 software. The CytoNCA
plugin in Cytoscape was used to screen the key genes in PPI
network. The Molecular Complex Detection (MCODE) plugin
in Cytoscape was used to analyze the clustered modules in the
scutellarin-disease PPI network.

2.5 GO and KEGG pathway enrichment

DAVID (Huang et al., 2007) was applied to reveal the GO
function and KEGG pathway enriched in the key targets of
scutellarin against GBM. The significant GO and pathway terms
with P < 0.05 was presented as bar graph or bubble chart.

2.6 Molecular docking

The three-dimensional (3D) structures of scutellarin molecule
were obtained from PubChem dababase and saved as a PDB format.

The protein crystal structures of EGFR and RAF1 (PDBcode:
4LL0, 6V]]) were retrieved from the RCSB PDB database. Then,
the protein structure was prepared by using PyMOL software to
remove water molecules and heteromolecules. The AutoDock
Vina was utilized to perform the molecular docking and calculate
the predicted binding energy (kcal/mol).

Pymol and LigPlos software was used for the visualization
of results.

2.7 Cell culture

Human GBM cell lines (U251 and LN229) were obtained
from the Cell Bank of Chinese Academy of Sciences (Shanghai,
China). Cells were maintained in DMEM (Hyclone, Logan, UT,
USA) containing 10% FBS and 1% penicillin/streptomycin at
37 °C in an incubator with 5% CO,. Scutellarin (purity > 98%)
was purchased from Sigma-Aldrich (Merck KgaA, Darmstadt,
Germany). EGFR-overexpression plasmid (EGFR) was obtained
from RiboBio (Guangzhou, China)

2.8 Cell viability assay

Cell Counting Kit-8 (CCK-8; Dojindo, Kumamoto, Japan)
was utilized to measure cell viability. U251 and LN229 cells were
seeded into 96-well plates (5 x 10° cells/well). On the next day,
cells were treated with scutellarin at indicated (0, 50, 100, 150,
200, 250, 300, 400, 500 and 600 uM) for 48 h. Subsequently, 10
uL of CCK-8 reagent was added for another 4 h of incubation.
The absorbance at 450 nm was recorded by a microplate reader
(Thermo Fisher Scientific Inc., Waltham, MA, USA) and the
IC,, value of scutellarin was calculated.

2.9 EdU assay

To assess cell proliferation ability, the Cell-Light™ EdU DNA
cell proliferation kit (RiboBio, Guangzhou, China) was used.
U251 and LN229 cells were inoculated into the 96-well plates
at the density of 5 x 10° cells/well. After 24 h, cells exposed with
indicated concentrations of scutellarin (0, 200, 300, 400 uM)
for 48 h. Then, EAU solution was added to each well at 25 uM,
followed by an incubation of 2 h at 37 °C. Subsequently, cells
were fixed with 4% paraformaldehyde, permeabilized with 0.5%
Triton X-100, washed with PBS and treated with Apollo reaction
buffer. Finally, cells were subjected to DAPI dye for 20 min at
room temperature. Images were captured by a fluorescence
microscope. The EdU-positive cells (%) = The count of green
EdU/The count of blue DAPI x 100%.

2.10 Colony formation assay

U251 and LN229 cells were seeded onto 6-well plates at
1000 cells per well. After incubation at 37°C overnight, cells
were treated with designated concentration of scutellarin (0,
200, 300, 400 uM) for 12 days, during which the medium was
refreshed every 3 days. Then, cells were washed with PBS for 3
times, fixed with 4% paraformaldehyde for 15 min, and stained
with 0.1% crystal violet for 30 min. The colonies with cell number
greater than 50 were manually counted from three randomly
selected fields.
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2.11 Apoptosis assay

U251 and LN229 cells were seeded onto 6-well plates at
1 x 10° cells per well, and incubated at 37°C overnight. Then,
scutellarin (0, 200, 300, 400 uM) was added to each well for
another 48 h incubation. After digestion with 0.25% trypsin,
cells were harvested by centrifugation at 1000 rpm for 5 min,
washed with PBS and detected by Annexin V-FITC/PI apoptosis
detection kit (Vazyme, Nanjing, China). Briefly, cells were
resuspended in 100 pL binding bufter, followed by stained with
5 puL Annexin V-FITC and 5 pL PI at room temperature for 10
min in the dark. After adding 100 pL binding buffer, we placed
the samples in the FACSCalibur flow cytometer (BD Biosciences,
Franklin Lakes, NJ, USA) to determine apoptosis.

2.12 Western blot assay

After treatment with scutellarin (0, 200, 300, 400 uM) for 48 h,
U251 and LN229 cells were harvested and lysed in lysis buffer
(Beyotime, Shanghai, China) containing protease inhibitors. The
concentration of extracted protein was determined by a BCA Protein
Assay Kit (Beyotime). The protein sample (30 ug) was loaded onto
10% SDS-PAGE gels and transferred onto PVDF membranes (BioRad,
Hercules, CA, USA). Then, the membranes were blocked in 5%
skimmed milk for 1 h at room temperature, followed by incubation
with the primary antibodies against EGFR, p-EGFR, AKT, p-AKT,
PI3K, p-PI3K and GAPDH (Cell Signaling Technology, Danvers,
MA, USA) at 1:1,000 overnight at 4 °C. After incubation with the
appropriate secondary antibody for 1 h at room temperature, the
protein bands were visualized by an enhanced chemiluminescent
kit (GE Healthcare, Chicago, IL, USA). GAPDH was used as an
internal reference to normalize the relative expression of proteins.
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2.13 Statistical analysis

All data was presented as mean + SD. The statistical analysis
was performed with one-way analysis of variance (ANOVA) by
using GraphPad Prism 9.0 software. The difference with P < 0.05
was considered statistically significant. All experiments were
repeated at least three times.

3 Results

3.1 Identifying DEGs in GBM

GSE108474 datasets was downloaded to identify the DEGs
between 221 GBM tumor tissues and 28 normal brain tissues.
With |log,Fold Change (FC)| > 1 and adjusted P < 0.05 as
screening threshold, a total of 4775 DEGs were found, in which
there were 2218 up-regulated genes and 2557 down-regulated
genes (Figure 1A). A total of 1249 DEGs with |log, Fold Change
(FC)| = 2 and adjusted P < 0.05 were displayed as the heat map
(Figure 1B).

3.2 Collecting targets related to GBM and scutellarin

According the data from PharmMpper, TargetNet and
SwissTargetPrediction, we identified 471 genes associated
with scutellarin. An online tool Venny 2.1.0 was utilized to
display the intersection of scutellarin targets and GBM-related
DEGs. A total of 139 overlapping genes that might be involved
in scutellarin against GBM were acquired (Figure 2A). A
heat map was drawn to visualize these 139 common DEGs
(Figure 2B).

.
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—

Figure 1. Volcano plot and heat map of the DEGs in GBM. (A) Volcano diagrams of DEGs in GBM. Red and green dots represent genes that are
up-regulated and down-regulated in GBM tumor tissues, respectively. (B) Heat maps of GBM-related DEGs with adjusted P < 0.05 and |log2Fold

Change (FC)| = 2.
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3.3 Construction and analysis of PPI network The top 20 core nodes were screened based on the degree values

The PPI network was established by inputting these 139 from high to low (Figure 3B).

candidate biological targets into the STRING database, and
analyzed with Cytoscape software. As shown in Figure 3A, there
existed 130 nodes and 684 edges in this network. Then, the plugin DAVID was used to analyze the GO annotation and KEGG
CytoNCA in cytoscape was used to perform topology analysis. ~ pathway of core targets. A total of 151 GO items, including

3.4 GO and KEGG pathway enrichment of core targets

A B

GBM Scutellarin

Figure 2. Identification of targets related to scutellarin and GBM. (A) Venn diagram of scutellarin targets and GBM targets. (B) Heat map of
139 common DEGs.
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Figure 3. PPI network construction and analysis. (A) PPI network containing 130 nodes and 684 edges. The larger the node and the darker the
color, the more important it is in the hub network. (B) The top 20 core targets were displayed by a bar plot.
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95 biological processes (BPs), 18 cell components (CCs),
and 38 molecular functions (MFs) items, were obtained
with P < 0.05. The top ten enriched terms in BPs, CCs and
MFs were shown in Figure 4A. For BPs, the candidate genes
were associated with the negative regulation of apoptotic
process, protein autophosphorylation, positive regulation
of DNA replication and signal transduction. For CCs, the
targets were mainly enriched in plasma membrane, cytosol
and nucleus. For MFs, the enriched terms were protein kinase
activity, protein binding and enzyme binding. KEGG analysis
revealed 55 related pathways. The most significantly enriched
20 pathways were displayed as bubble charts in Figure 4B,
including Pathways in cancer, PI3K-AKT signaling pathway,
Ras signaling pathway, and Rap1 signaling pathway. To further
the determine the molecular mechanism by which scutellarin
inhibited GBM, a target-pathway network was established with
the top 20 pathways and corresponding targets (Figure 4C).
This network was comprised of

38 nodes (18 for proteins and 20 for pathways) and 147 edges.
Among these targets, RAF1, EGFR, SRC, CDC42 and IGF1R
were found as the molecules with higher degree. Among these
18 core targets, there were 10 involved in PI3K/AKT signaling
pathway. EGFR, IGFIR and RAF1 were the most important
targets of scutellarin to affect PI3K/AKT signaling. According
to these data, we speculated that scutellarin might regulate cell
proliferation and apoptosis in GBM by PI3K/AKT signaling
pathway via binding with EGFR, IGFIR and RAFI.

3.5 Clustering analysis in PPI network

By using MCODE plugin in Cytoscape, we obtained two
important modules in the PPI network of 139 candidate targets
(Figure 5A and B). There were 17 core targets in module 1 and
11 core targets in module 2. Functionally, these targets were
mainly enriched in apoptotic process, DNA replication and
cell proliferation (Figure 5C and D). KEGG analysis showed
that the targets in module 1 were mainly associated with Ras
signaling pathway, Rap 1 signaling pathway, and PI3K-AKT
signaling pathway (Figure 5E). The targets in module 2 were
mainly related to PI3K-AKT signaling pathway and Ras signaling
pathway (Figure 5F).
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3.6 Molecular docking of scutellarin and potential targets

Based on the data from Oncomine and GEPIA, EGFR and
RAF1 expression was significantly up-regulated in GBM tumor
tissues compared with normal brain tissues (Figure 6A and B).
Then, molecular docking was performed to elucidate the
interaction between scutellarin and EGFR or RAF1. As shown
in Figure 6C and D, EGFR (PDB ID: 4LL0) and RAF1 (PDB
ID: 6V]]) possesses stable binding sites in scutellarin, with the
binding energy of -9.3 kcal/mol and -8.1 kcal/mol, respectively.
The hydrogen bonds were the main forms of interaction between
scutellarin and EGFR or RAF1.

3.7 Scutellarin represses cell proliferation and promotes
apoptosis in GBM

To confirm the effects of scutellarin on GBM, U251 and
LN229 cells were treated with different doses of scutellarin
(0, 50, 100, 150, 200, 250, 300, 400, 500 and 600 uM) for 48 h.
CCK-8 analysis revealed a dose-dependent decrease of cell
viability (Figure 7A). The IC_| values of scutellarin were 270.6
and 296.2 uM for U251 and LN229 cells, respectively. Then,
U251 and LN229 cells were cultured in medium containing
scutellarin (0, 200, 300, 400 uM). EdU and colony formation
assay showed that scutellarin reduced the EdU-positive cells and
colony number in a dose-dependent manner (Figure 7B and C).
Also, scutellarin resulted in the increase of cell apoptosis in a
dose-dependent manner (Figure 7D). These data suggested the
anti-tumor properity of scutellarin in GBM.

3.8 Scutellarin suppresses cell proliferation and induces
apoptosis in GBM by regulating EGFR-PI3K-AKT signaling
pathway

Based on the data from network pharmacology, we speculated
that scutellarin could inhibit the GBM progression by regulating
EGFR-PI3K-AKT signaling. After treatment with scutellarin (0,
200, 300, 400 uM) for 48 h, western blot analysis was performed
in U251 and LN229 cells to determine the expression of EGFR
and p-EGFR. As shown in Figure 8A, the phosphorylation levels
of EGFR was significantly inhibited in a dose-dependent manner,
there is no evident alteration in its total expression. Moreover,
scutellarin significantly suppressed the expression of p-EGFR,
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Figure 4. GO and KEGG pathway enrichment analysis of core targets. (A) Column plot showing the top 10 BPs, 10 CCs and 10 MFs. (B) Bubble
chart for the top 20 KEGG pathways. (C) The target-pathway network of scutellarin against GBM.

Food Sci. Technol, Campinas, 42, 106121, 2022



Original Article

Using network pharmacology to reveal the mechanisms of scutellarin against glioblastoma

Cc

E

KEGG pathway

vascular endothelial growth factor receptor signaling pathway Proteoglycans in cancer [ ]
ephrin receptor signaling pathway- Pathways in cancer| @
phosphatidylinositol-mediated signaling ° ~log10(pvalue)
signal transduction ° 0
peptidyl-tyrosine phosphorylation R ° .
_ protein autophosphorylation H ing pa ® + N
-gPYeke) rodas carca .
Fc-gamma receptor signaling pathway involved in phagocytosis ° Regulation of actin cytoskeleton | ©
£ transcription initiation from RNA polymerase Il promoter s Chemokine signaling pathway | ©
il positive regulation of phosphatidylinositol 3-kinase activity Bacterial invasion of epithelial cells o
negative regulation of extrinsic apoptotic signaling pathway- 4 Axon guidance o
peptidyl-tyrosine_autophospharylation] 3 Transcriptional misregulation in cancer

1 | positive regulation of DNA replicationt Signaling pathways regulating pluripotency of stem cells.

N 1P Prolactin signaling pathway-

K fl positive reguiati Neurotrophin signaling pathway:

/ )\‘“ 5 epidermal growth factor receptor signaling pathway Melanoma|

1 \'.,{‘“‘“ _ positive regulation of phosphatidylinositol 3-kinase signaling Leukocyte transendothelial migration

\ %“ 78 positive regulation of transcription from RNA polymerase Il promoter Estrogen signaling pathway

e — T cell Epithelial cell signaling in Helicobacter pylori infection

00 25 50 75 100 10 20 30 4o
Count Fold enrichment
Module 1 Module 1 Module 1
KEGG pathway
(PRKZAK signdling paivia
cellular response to mechanical stimulus Pathways in cancer
n ol Viral carcinogenesis | @

Proteoglycans in cancer, [ count
positive regulafion of protein expor ° L
regulation of cell motility [ ] P
cellular response to estradiol stimulus Progesterone-mediated oocyte maturation- ° o
i “log10(PValue)  Estrogen signaling pathway ° ®:
2o Thyroid hormone signaling pathway . o

§ L a Regulation of actin cytoskeleton | &

3 peptidyl-threonine phosphorylation 25 Pancreatic cancer ° g Toloval
2 blood vessel development o Molanomal o log10(pvalue)
positive regulat cp Glioma © )
activation of MAPKK activity ' FoxO signaling pathway d
protein phosphorylation X Focal adhesion| ® N 4
positive regulation of fibroblast proliferation Choline metabolism in cancer e 2
positive regulation of MAP kinase activity- Chemokine signaling pathway | ©
response to stress CAMP signaling pathway | ©
cysteine-type endopeptidase activity involved in apoptotic process Endometrial cancer
cellular response to drug T Bladdercancer| :
4 20 30 40 50

Module 2

Module 2

Fold enrichment

Module 2

Figure 5. Cluster analysis for potential targets of scutellarin against GBM. (A and B). MCODE algorithm was used to perform cluster analysis
of PPI network. (C and D) The GO-BPs analysis of core targets in module 1 and 2. (E and F) The KEGG pathway enrichment analysis of core

targets in module 1 and 2.

EGFR Expression in TCGA Brain

RAF1 Expression in TCGA Brain

Uy 8rain Glioblastoma vs. Normal N Brain Glioblastoma vs. Normal @
« —*
TCGA Brain Statistics -7 TCGA Brain Statistics .
Over-e ion Gene Rank: 41 (in top 1%) P-value: 5.10E-18 er-exp k: 861 (in top 7%) P-value: 1.16E-8 T
er: (210884 at v tTest: 14.875 ° 201244 s at v
Fold Change: 3.792 = ©
70 4.5
6.5 *
60 o 40|
5.5
5.0 . 35
Z as z < K
§ 40 © - g 30 e
€35 £ :
T 30 T 25
£ 25 H
‘3 20 <« - ? 20+
L H i
3 10 3 15 .
£os q
% 00 o~ % 10 .
-10 N 05
-1L5 .
. 0.0 - — —
20 1 2 o o — — 1 2 ©
T
T
Legend - Legend cBM
1. Brain (10) 1. Brain (10) (num(T)=163; num(N)=207)

2. Brain Glioblastoma (542)

(num(T)=163; num(N)=207)

4LLo0

/ ARG841(A)

ASN842(A)

2. Brain Glioblastoma (542)

D

AsgSO(B)

P

Vainom

Figure 6. Molecular docking of scutellarin and its potential targets. (A and B) Expression of EGFR and RAF1 in Oncomine and GEPIA databases.
(C) The 2D and 3D representation of the binding of scutellarin with EGFR (4LL0). (D) The 2D and 3D representation of the binding of scutellarin
with RAF1 (6V]]).

Food Sci. Technol, Campinas, 42, e106121, 2022



Original Article

Sun et al.

U251
1C50=270.6 uM

LN229
1C50=296.2 uM

N\

U251

Relative cell viability (%)
a 2
=] o
Relative cell viability (%)
a B
S S

5 2.0 25 3.0 1.5 2.0 25 3.0
log(Scutellarin) uM

log(Scutellarin) pM

LN229

U251

U251

ey

o 200 300 400
Scutellarin (uM)
LN229

*
*
*
x
4
*
4
%

0 200 300 400
Scutellarin (uM)

Scutellarin (uM)

u251

200 300 400
Scutellarin (uM)

U251
pieen

LN229
LN229
prea

g2
2 fg
]
1210
g 5
<o
0 200 300 400
Scutellarin (uM)
LN229
F 30 s
% 2 aex
2 10
<

0 200 300 400
Scutellarin (uM)

Scutellarin (uM)

o

0 200 300 400
Scutellarin (uM)

Scutellarin (uM)

Figure 7. Scutellarin inhibits GBM cell proliferation and induces apoptosis. (A) U251 and LN229 cell viability was determined by CCK-8 assay
after treatment with various concentraions of scutellarin. (B) Cell proliferation ability was measured by EAU assay in U251 and LN229 cell
treated scutellarin (0, 200, 300, and 400 uM) for 48 h. (C) Colony formation assays were performed in U251 and LN229 cells after treatment with
indicated doses of scutellarin (0, 200, 300, and 400 pM). (D) After treatment with scutellarin (0, 200, 300, and 400 pM) for 48 h, flow cytometry
analysis was used to detect cell apoptosis. **P < 0.01, ***P < 0.001 vs. 0 uM group.

p-PI3K and p-AKT, while these effects were attenuated in GBM
cells after overexpressing EGFR (Figure 8B). These data confirmed
that scutellarin could inactivate PI3K-AKT signaling by targeting
EGEFR. Furthermore, EGFR overexpression obviously abated
the inhibitory effects of scutellarin on cell viability and colony
forming ability (Figure 8C and D). Also, scutellarin-induced
apoptosis was effectively reversed by EGFR overexpression
(Figure 8E). Taken together, scutellarin repressed GBM cell
proliferation and enhanced apoptosis by inactivating EGFR/
PI3K/AKT signaling pathway.

4 Discussion

GBM is one of the most aggressive intracranial malignant
tumors with an dismal prognosis (Davis, 2016). Natural products
have been demonstrated as useful multi-targeted therapies with
minimum cytotoxicity to combat various cancers, including GBM
(Dutta et al., 2019; Vengoji et al., 2018; Huang et al., 2019). In
this study, we used a network pharmacology method to predict
the biological functions, potential targets and mechanisms of
scutellarin aganist GBM. Moreover, molecular docking simulation
and in vitro experiments were performed to verify the targets
and pathways by which scutellarin exerted anti-GBM activity.

Scutellarin, a naturally flavone glycoside, has been found
to exert anti-tumor activity in different human tumors. For
instance, scutellarin suppressed hypoxia-induced cell migration
and invasion in bladder cancer by regulating PI3K/Akt and
MAPK pathways (Lv et al., 2019). Scutellarin inhibited cell

Food Sci. Technol, Campinas, 42, 106121, 2022

proliferation and invasion in renal cell carcinoma partially by
increasing the expression of PTEN to inactivate P13K/AKT/
mTOR signaling (Deng et al., 2018). Scutellarin was reported as
a potential sensitizer to cisplatin treatment in ovarian cancer via
strengthening the ability of cisplatin binding to DNA (Xie et al.,
2019). Tang et al. showed that scutellarin could suppress cell
metastasis and chemoresistance in glioma in vitro (Tang et al.,
2019). Nevertheless, the specific molecular mechanisms of
scutellarin involved in GBM are far from being completely
understood.

According to CytoNCA analysis in PPI network, we found
that the top 10 candidate targets of scutellarin against GBM were
ALB, EGFR, SRC, HSP90AA1, ESR1, RHOA, IGF1, GSK3B,
RAF1 and MDM2. GO and KEGG enrichment analysis disclosed
that scutellarin might affect cell apoptosis and proliferation by
modulating PI3K-AKT signaling pathway by targeting these
key targets. By using MCODE plugin in Cytoscape, the core
targets of module 1 and module 2 were possibly involved in
apoptosis, DNA replication and cell proliferation by regulating
PI3K-AKT and Ras signaling pathways. Through TCGA and
molecular docking analysis, the suppressive role of scutellarin
in GBM may be mediated by EGFR and RAF1. Moreover,
EGFR and RAF1 were found as the hub genes associated with
PI3K-AKT signaling.

EGFR, a member of the ERBB family of receptor tyrosine
kinases, is often up-regulated in human carcinomas, and associated
with the tumorigenesis and progression (Normanno et al., 2006).
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Figure 8. Scutellarin represses GBM cell proliferation and promotes apoptosis by inactivating EGFR/PI3K/AKT signaling pathway. (A) Western
blot analysis of p-EGFR and EGFR in U251 and LN229 cells treated with scutellarin (0, 200, 300, and 400 (M) for 48 h. (B-E) U251 and LN229
transfected with EGFR (pcDNA-EGFR) were treated with or without 400 uM scutellarin for 48, followed by western blot assays of p-EGFR, EGFR,
p-PI3K, PI3K, p-AKT and AKT (B), CCK-8 assays of cell viability (C), colony formation assay (D), and and flow cytometry assays of apoptosis

(E). **P < 0.01, ***P < 0.001 vs. Control or scutellarin group.

Aberrant expression of EGFR can activate downstream pro-
oncogenic signaling pathways, including PI3K-AKT pathways
(Wee & Wang, 2017). Activation of PI3K/AKT pathway is
always observed in human cancers, and is linked to cellular
transformation, tumorigenesis, cancer progression, and drug
resistance (Mayer & Arteaga, 2016). EGFR-PI3K-AKT signaling
pathway has been proven to be involved in cancer cell proliferation
and metastasis (Zhangyuan et al., 2020; Zheng et al,, 2019). A

in silico analysis also eluciated the crucial roles of EGFR-PI3K-
AKT-mTOR pathway in the tumorigenesis of diffuse brain
gliomas (Brlek et al., 2021). Subsequent function experiments
revealed that scutellarin suppressed cell proliferation, colony
formation and enhanced apoptosis in a dose-dependent manner.
Interestingly, scutellarin resulted in the increase of p-EGFR
expression in a dose-dependent manner. These data suggested
that scutellarin inhibited GBM progression and inactivated EGFR
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signaling. Moreover, scutellarin-mediated inactivation of PI3K-
AKT signaling was reversed in GBM cells after overexpressing
EGFR. Furthermore, the inhibitory effects of scutellarin on cell
malignant phenotypes were attenuated by EGFR overexpression.
Combining these data together, we concluded that scutellarin
repressed cell proliferation and enhanced apoptosis in GMB
through inactivating EGFR-PI3K-AKT signaling. However,
further animal models were required to confirm the functions
and mechanisms of scutellarin in GBM in vivo.

In conclusion, we used network pharmacology method
and molecular docking technology to investigate the possible
targets and pharmacological mechanisms of scutellarin against
GBM. Our finndings revealed that scutellarin suppressed GBM
cell proliferation and induced apoptosis by targeting EGFR to
inactivate PI3K-AKT signaling pathway. This study provides a
theoretical basis for exploiting scutellarin as a clinical drug to
fight against GBM.
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