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Abstract
Background. The active components of Cortex Periplocae (CP) exert antitumor properties in many cancers. 
However, little is known about their effects on glioma or the related underlying mechanisms.

Objectives. The study investigated the underlying mechanism of CP in treating glioma.

Materials and methods. The U251 and TG905 cells were treated with an ethanol extract from CP. Cell 
proliferation was detected using Cell Counting Kit-8 (CCK-8) and a colony formation assay. The flow cytometric 
analysis was applied to explore the induction of cell cycle arrest and apoptosis. The expression levels of cell 
cycle- and apoptosis-associated proteins were measured with western blot. A network pharmacology method 
was performed to predict the potential mechanism underlying the effects of the active components of CP 
on glioma. Then, isobaric tags for relative and absolute quantitation (iTRAQ)-based quantitative proteomics 
analysis was used to verify the differentially expressed proteins and pathways in order to reveal the underlying 
mechanisms. Furthermore, to determine the iTRAQ results, 6 candidate proteins were chosen for quantification 
using parallel reaction monitoring (PRM).

Results. The CP extract inhibited the proliferation of U251 and TG905 cells and induced cell cycle arrest and 
apoptosis. There are 16 active compounds of CP. The antitumor mechanism of CP may be related to the apop-
tosis pathway, p53 signaling pathway, PI3K-AKT pathway, or transcriptional misregulation in cancer pathway. 
Six proteins (HSP90AB1, TOP2A, ATP1A1, TGFβ1, ATP1B1, and TYMS) were determined to be key factors 
involved in regulating CP in glioma.

Conclusions. Our research revealed the underlying mechanism of CP in treating glioma using integrated 
network pharmacology and iTRAQ-based quantitative proteomics technology.
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Introduction

Gliomas, a group of life-threatening tumors, are the most 
common primary intracranial tumors.1 They arise from 
precursor or glial cells of the central nervous system,2 and 
the mortality rate remains high despite advancements 
in  currently available therapeutic approaches, includ-
ing surgical treatment, radiotherapy and chemotherapy.3 
It  is difficult to resect the tumor completely due to its 
infiltrative growth and critical localization in the brain.4 
The 5-year survival rate of patients with malignant glioma 
was reported to be less than 25% when treated by surgery 
alone.5 Gliomas are not sensitive to radiotherapy,6 and 
the blood–brain barrier makes it difficult for chemothera-
peutic drugs to penetrate.7 Furthermore, radiotherapy and 
chemotherapy cause complications8 that negatively impact 
the quality of life of patients. Thus, there is an urgent need 
to find more satisfactory treatment methods for glioma.

Cortex Periplocae (CP), called Xiangjiapi in Chinese, 
is the dry root of the Chinese herb Periploca sepium Bunge, 
a Traditional Chinese Medicine (TCM) medicament. It has 
a long history of use in the treatment of autoimmune dis-
eases, such as rheumatoid arthritis.9 Recently, additional 
research has explored the biological activity of the crude 
extract and the active components of CP, such as anti-
cancer,10 cardiotonic11 and anti-inflammatory effects,12,13 
to determine its potential pharmaceutical value. Li et al. 
found that the periplocin isolated from CP significantly in-
hibited the proliferation of gastric cancer cells and induced 
apoptosis in vivo and in vitro by the ERK1/2-EGR1 path-
way.14 Moreover, periplocin inhibited the growth of pan-
creatic cancer by  inducing apoptosis through AMPK-
mTOR signaling.10 As a potential antitumor component, 
periplocin has also been reported to inhibit the growth 
of colon cancer15 and lung cancer16 through β-catenin/
TCF signaling and the AKT/ERK signaling pathway, re-
spectively. Yang et al. suggested that periplogenin (PPG) 
isolated from CP triggers the apoptosis of colon cancer 
cells through the IRE1α-ASK1-JNK and BIP-eIF2α-CHOP 
signaling pathways.17 The  PPG also has a  clear effect 
on the treatment of nasopharyngeal carcinoma.18 More-
over, lupeol acetate from CP showed an inhibitory effect 
in esophageal tumorigenesis in rats.19 However, the effects 
of CP extract and its underlying mechanisms in treating 
glioma remain to be determined.

Due to the rapid advancements in bioinformatics, network 
pharmacology and isobaric tags for relative and absolute 
quantitation (iTRAQ) proteomics approaches have been ef-
fectively used to reveal the active components of TCM medi-
caments and their potential mechanisms of action.20 A new 
methodological strategy, network pharmacology, provides 
a significant advantage in helping to understand the thera-
peutic mechanism of TCM medicaments.21 The CP has 
antitumor activities exerted through a multi-component, 
multi-target, multi-pathway, and multi-biological process, 
which conforms to the features of network pharmacology.22 

The iTRAQ approach has been employed to quantify and 
qualify proteins, as well as explore potential protein interac-
tions.23,24 In this study, network pharmacology and iTRAQ 
proteomics were applied to explore the active components 
of CP and its anti-glioma molecular mechanisms.

Objectives

The purpose of this study is to investigate the underlying 
mechanisms of CP in treating glioma.

Materials and methods

Preparation of the ethanol extract 
of Cortex Periplocae

The CP was obtained from Linyi People’s Hospital (Linyi, 
China). First, 100 g of CP was crushed and mixed with 75% 
ethanol in a ratio of 1:10, then placed in the dark overnight. 
The mixture was sonicated for 30 min, removing the fil-
trate, and the process was repeated 3 times. The filtered 
solution was centrifuged at 10,000 rpm for 8 min to obtain 
the supernatant, using a Buchi rotary evaporator (Buqi, 
Gent, Belgium). The ethanol extract was freeze-dried and 
separated, and 92.18 g of freeze-dried powder was obtained 
from the extract. A total of 100 mg of ethanol extract of CP 
was added to 1 mL dimethyl sulfoxide (DMSO) to prepare 
a stock solution with a concentration of 100 mg/mL.

Cell lines and cell culture

The U251 and TG905 were obtained from the Cellular 
Biology Institute of the Shanghai Academy of Sciences 
(Shanghai, China). All cells were cultured in RPMI-1640, 
adding 10% fetal bovine serum (FBS) at 37°C in a 5% CO2 
atmosphere.

CCK-8 assay

The  cells were treated with CP (0  µg/mL, 1  µg/mL, 
3 µg/mL, 10 µg/mL, 30 µg/mL, and 100 µg/mL) for the cor-
responding time (24 h, 48 h and 72 h). Then, the cells 
were added to a mixture of Cell Counting Kit-8 (CCK-8) 
(BB-4202; Dojindo Laboratories, Kumamoto, Japan) and 
Dulbecco’s modified Eagle medium (DMEM), and incu-
bated for another hour. The absorbance at a wavelength 
of 450 nm was recorded using a microplate reader (BestBio, 
Shanghai, China).

Colony formation assay

A total of 200 cells were planted in each hole of a 6-well 
plate. After 24 h, different concentrations of CP were added 
to the cells for approx. 10 days. The colonies were fixed 
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with 4% paraformaldehyde and stained with 0.1% crystal 
violet. The images were captured with a digital camera 
(Fluorchem E; Proteinsimple, Santa Clara, USA).

Flow cytometric analysis

The cells were harvested and fixed with 75% ethanol 
overnight. After washing and resuspension in phosphate-
buffered saline (PBS), the cells were stained with propid-
ium iodide (PI)/RNase staining buffer for 15 min. Finally, 
the samples were used for the analysis in a flow cytometer 
(LSRFortessa™ SORP; BD Biosciences, Franklin Lakes, 
USA).

Apoptosis assay

An  FITC Annexin V  Apoptosis Detection Kit (BB-
4101) (BD Biosciences) was used to measure the apoptosis 
rate. The cells were harvested, washed and resuspended 
in IX binding buffer. Five microliters of PI and Annexin 
X were added to the solution, respectively, and incubated 
in the dark for 5 min. Finally, the samples were used for 
analysis in a flow cytometer.

Western blot

After treatments, cells were lysed using radioimmu-
noprecipitation assay (RIPA) with phosphatase inhibitor. 
The cellular protein was extracted and quantified with 
the bicinchoninic acid (BCA) method. Similar amounts 
of protein were loaded and separated using sodium dodecyl-
sulfate polyacrylamide gel electrophoresis (SDS-PAGE), and 
transferred to polyvinylidene fluoride (PVDF) membranes. 
The membranes were exposed to specific primary anti-
bodies and fluorescent secondary antibodies after being 
blocked in a 5% non-fat dry milk solution. The primary 
antibodies were monoclonal mouse antibodies against cy-
clin E, CDK2 (Cell Signaling Technology, Danvers, USA), 
poly (ADP-ribose) polymerase (PARP), cleaved caspase-3, 
caspase-3 (Abcam, Cambridge, UK), and GAPDH (Santa 
Cruz Biotechnology, Dallas, USA). The chemiluminescent 
detection was used to visualize the membrane samples 
(MilliporeSigma, Burlington, USA). The respective densities 
of the protein bands were evaluated using ImageJ software 
(National Institutes of Health, Bethesda, USA).

Identification of candidate compounds

All of the CP compounds were retrieved from the TCM 
Systems Pharmacology Database and Analysis Platform 
(TCMSP), which includes 500 Chinese herbal medicines 
with 30,069 ingredients through database integration 
and literature mining. The pharmacokinetic properties 
of natural compounds involve oral bioavailability (OB), 
drug-likeness (DL) and Caco-2 cells, which were provided 
for study.

Screening of active compounds

Among the ADME (absorption, distribution, metabo-
lism, and excretion) properties of the compounds, OB, 
DL and Caco-2 cells represent the most vital properties 
of  the administered drugs. Oral bioavailability is used 
to assess the efficiency of the drug distribution within 
systemic circulation. Drug-likeness refers to a measure 
of similarities between the compound and known drugs. 
The  average DL index of  all of  the  drugs was 0.18.25 
The Caco-2 cells can be used to investigate intestinal epi-
thelium permeability.26 Based on the TCMSP database, 
molecules with Caco-2 > −0.40 corresponded to good per-
meability in the small intestinal epithelium.27,28 Hence, 
in this study, molecules with OB ≥ 30%, DL ≥ 0.18 and 
Caco-2 > −0.40 were considered active compounds.

Target identification through integrated 
database analyses

The TCMSP database was used to identify the active 
components of CP, while GeneCards database (https://gen-
ecards.weizmann.ac.il/v3/) was used to discover glioma-
specific therapeutic targets. The overlap between the 2 re-
sults provided drug targets for CP in treating glioma.

Protein extraction, enzymatic hydrolysis 
and peptide quantification

Total protein was extracted from U251 cells with SDT 
(4% (w/v) SDS, 100 mM Tris/HCl 1 mM dithiothreitol 
(DTT), pH 7.6). The extracted proteins were quantified 
using a BCA kit. Protein enzymatic hydrolysis was per-
formed using the filter-aided sample preparation (FASP) 
procedure.29 The enzymolysis peptide was desalted with 
the use of a C18 purification cartridge, freeze-dried and 
re-dissolved with 40 μL of the dissolution buffer. Finally, 
the peptides were quantified with OD280.

iTRAQ and LC–MS/MS

Equal amounts of each peptide were taken and labeled 
according to the AB SCIEX iTRAQ labeling kit instruc-
tions.30 Samples were labeled as iTRAQ-113, -114, -115, and 
-116, -117, -118. The labeled peptides were mixed in equal 
amounts and graded with an  AKTA Purifier 100 (GE 
Healthcare, Chicago, USA). Liquid chromatography–mass 
spectrometry (LC–MS)/MS was carried out as described 
by Ross et al.30

Mass spectrometry data processing 
and analysis

The original raw data obtained using LC–MS/MS were 
identified and quantified with mascot and proteome dis-
coverer. Table of SI is shown in the main library parameters.

https://genecards.weizmann.ac.il/v3/
https://genecards.weizmann.ac.il/v3/
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Bioinformatic analysis

The Gene Ontology (GO) analysis was performed us-
ing the Blast2 GO database (http://geneontology.org/). 
The KEGG Automatic Annotation Server (KASS) software 
(https://www.genome.jp/kegg/kaas/) was used to  clas-
sify and group the identified proteins. The distribution 
of Kyoto Encyclopedia of Genes and Genomes (KEGG; 
http://www.genome.jp/kegg/) pathways and whole pro-
tein sets for each GO classification were compared using 
Fisher’s exact test. The GO annotation or KEGG pathway 
annotation was used to enrich the target protein set.

The complex Heatmap R package (R Foundation for Sta-
tistical Computing, Vienna, Austria) was employed to cat-
egorize the expression of proteins and samples at the same 
time, as well as to create a hierarchical clustering heatmap.

The information obtained from the IntAct or STRING 
database was used to find direct and indirect interaction 
relationships between the target proteins. The interac-
tion network was generated and analyzed using Cytoscape 
(https://cytoscape.org/).

Parallel reaction monitoring verification

Protein extraction was carried out as described above 
for the iTRAQ experiment. Then, the samples were added 
to DTT, boiled in a water bath for 15 min, cooled down, and 
UA (8 M urea, 150 mM Tris-HCl, pH 8.0) buffer was added. 
The samples were then transferred to a 10 kd ultrafiltra-
tion tube and centrifuged at 14,000 × g for 30 min. A total 
of 200 μL of UA buffer was added, then the samples were 
centrifuged and the filtrate was discarded. Next, indole-
3-acetic acid (IAA) was added, the sample was shaken and 
centrifuged at 14,000 × g for 20 min. Then, the NH4HCO3 
buffer (50 mM) was added, and the sample was centrifuged 
at 14,000 g for 20 min twice. A new collecting pipe was 
used and the sample was centrifuged for 15 min. A total 
of 40 μL of NH4HCO3 buffer (50 mM) was added, the sam-
ple was centrifuged again for 30 min, and the filtrate was 
collected. After enzymatic hydrolysis, the collected peptide 
was desalted and lyophilized, then re-dissolved with 0.1% 
formic acid (FA). The peptide concentration was estab-
lished using OD280.

According to the pre-experimental results, 10 target 
peptides of 6 identified target proteins were quantified 
using parallel reaction monitoring (PRM). In order to set 
up the PRM method, peptide information was entered into 
Xcalibur software (Thermo Fisher Scientific, Waltham, 
USA). The standard peptide was mixed with about 1 μg 
of peptide extracted from each sample for detection. High-
performance liquid chromatography (HPLC) was used for 
chromatographic separation. The chromatographic col-
umn reached liquid equilibrium at 95% A.

The samples separated with HPLC were analyzed us-
ing PRM mass spectrometry (Q Exactive HF mass spec-
trometer; Thermo Fisher Scientific, Waltham, USA). 

The PRM was detected in 6 samples, and finally, the data 
from the original PRM files were analyzed using Skyline 
software (Skyline Software Systems, Inc., Herndon, USA).

Statistical analysis

In this study, GraphPad Prism v. 8.2.1 (GraphPad Soft-
ware, San Diego, USA) was used for data analysis. Data 
were expressed as mean ± standard deviation (M ±SD) 
and were obtained from at least 3 separate experiments. 
The significance levels of differences were determined 
with independent sample t-tests for the various treatments. 
A value of p < 0.05 was considered statistically significant.

Results

CP inhibits cell viability of glioma cells

The  CP with different concentrations (0  µg/mL, 
1 µg/mL, 3 µg/mL, 10 µg/mL, 30 µg/mL, and 100 µg/mL) 
were added to the U251 and TG905 cells for 24 h, 48 h and 
72 h, and cell viability was measured with a CCK-8 as-
say. As shown in Fig. 1A,B, CP suppressed cell viabil-
ity in  a  time- and dose-dependent manner. For U251 
cells, the IC50 values of CP at 24 h, 48 h and 72 h were 
26.48  µg/mL, 11.07  µg/mL and 3.349  µg/mL, respec-
tively. For TG905 cells, the  IC50 values of CP at each 
of  the 3 time intervals were 30.39 µg/mL, 11.1 µg/mL 
and 12.7 µg/mL, respectively. Furthermore, a colony for-
mation assay showed that CP degraded the rate of colony 
formation in U251 and TG905 cells in a dose-dependent 
manner (Fig. 1C).

CP induces cell cycle arrest  
in glioma cells

Flow cytometry results showed that CP caused a large 
accumulation of glioma cells in G0/G1 phases in a dose-
dependent manner, which was accompanied by a de-
crease in S and G2/M phases (Fig. 2A). In addition, west-
ern blotting was used to explore the expression level 
of cyclin E and CDK2, 2 cell cycle-associated proteins 
(Fig. 2C). The results showed that a high concentration 
(16 µg/mL and 32 µg/mL) of CP downregulated the ex-
pression level of cyclin E and CDK2, but a low concen-
tration (8 µg/mL) of CP had no effect on  the protein 
expression (Fig. 2B). The above results indicate that CP 
may have inhibited cell proliferation resulting from G0/
G1 cell cycle arrest.

Treatment of glioma cells  
with CP induces apoptosis

To investigate whether CP induced apoptosis in glioma 
cells, CP (0 µg/mL, 8 µg/mL, 16 µg/mL, and 32 µg/mL) 

http://geneontology.org/
https://www.genome.jp/kegg/kaas/
http://www.genome.jp/kegg/
https://cytoscape.org/
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was added to U251 and TG905 cells for 48 h, and then 
f low cytometry with Annexin V-FITC staining was 
used to detect the number of apoptotic cells. The re-
sults showed that the treatment of U251 and TG905 cells 
with CP induced apoptosis. Apoptotic cells in the U251 
and TG905 samples after CP treatment ranged from 
4.1% to  64.9% (p  <  0.0001) and from 4.04% to  86.9% 
(p < 0.0001), respectively (Fig. 3A,B). To further reveal 
the potential mechanisms involved in CP-induced apop-
tosis, western blotting was used to establish the  level 
of apoptosis-related proteins, namely PARP, caspase-3 
and cleaved caspase-3. The  data showed that CP de-
creased the expression level of caspase-3 and PARP, while 
upregulating the  level of cleaved caspase-3 in a dose-
dependent manner (Fig. 3C).

Identification of the active compounds of CP

To  identify the  active compounds of  CP, the  TCMSP 
database was used, and 79 components of CP were found. 
Among the 79 compounds in CP, 16 satisfied the criterion 
of OB ≥ 30%, DL ≥ 0.18 and Caco-2 > −0.40. Detailed informa-
tion for the 16 compounds is shown in Table 1. The data dem-
onstrated that CP was chemically fit for drug development.

Drug targets of CP for treating glioma

The TCMSP database was further used to predict the pu-
tative targets of CP. Nineteen putative targets of CP re-
mained after removing duplicates. Meanwhile, 5753 vali-
dated therapeutic targets for glioma and glioblastoma 

Fig. 1. Cortex Periplocae (CP) inhibits cell viability of glioma cells. A,B. U251 and TG905 cells were treated with CP (0 µg/mL, 1 µg/mL, 3 µg/mL, 10 µg/mL, 
30 µg/mL, and 100 µg/mL) for 24 h, 48 h and 72 h. Cell viability was measured using Cell Counting Kit-8 (CCK-8) assay (n = 3); C. U251 and TG905 cells were 
treated with CP (0 µg/mL, 0.4 µg/mL, 0.8 µg/mL, 1.6 µg/mL, and 3.2 µg/mL) for approx. 10 days. The rate of colony formation was evaluated with colony 
formation assay (n = 3)

* p < 0.05; ** p < 0.01; *** p < 0.001;  **** p < 0.0001 compared to the control group.
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Fig. 2. Cortex Periplocae (CP) induces cell cycle arrest in glioma cells. The U251 and TG905 cells were treated with CP (0 µg/mL, 8 µg/mL, 16 µg/mL, and 32 µg/mL) 
for 24 h. A,B. The cell cycle distribution was analyzed with flow cytometry (n = 3); C. The expression level of cyclin E and CDK2 was detected with western blot

* p < 0.05; ** p < 0.01; *** p < 0.001 compared to the control group.

Table 1. The active components of Cortex Periplocae (CP)

Mol ID Molecule name OB [%] DL Caco-2

MOL001771 poriferast-5-en-3beta-ol 36.91 0.75 1.45

MOL000358 beta-sitosterol 36.91 0.75 1.32

MOL000359 sitosterol 36.91 0.75 1.32

MOL005645 21-O-Methyl-5,14-pregndiene-3β,14β,17β,21-tetrol-20-one 38.52 0.57 0.08

MOL005646 21-O-Methyl-5-pregnene-3β,14β,17β,20,21-pentol 45.12 0.6 −0.04

MOL005652 glycoside K_qt 31.91 0.43 0.79

MOL005654 glycoside H2_qt 49.95 0.48 0.11

MOL005656 glycozolidal 78.07 0.2 1

MOL005658 periplogenin 36.61 0.74 0.04

MOL005664 glycoside E_qt 40.57 0.47 0.39

MOL005666 periplocoside M_qt 32 0.88 0.06

MOL005683 delta 5-pregnenetriol 35.94 0.47 0.17

MOL005686 periplocoside O_qt 32 0.88 0.1

MOL005690 periplocymarin_qt 104.15 0.74 −0.14

MOL005692 neridienone A 30.96 0.48 0.49

MOL005693 xysmalogenin 54.41 0.72 0.02

OB – oral bioavailability; DL – drug-likeness.
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were acquired from GeneCards after removing duplicates. 
The 2 gene target groups were compared, and 14 overlap-
ping genes were ultimately identified (Fig. 4). These 14 target 
genes were subjected to further analysis (Table 2).

Quantitative proteomic response to CP

Next, untreated and CP-treated (20 µg/mL) U251 cells 
were evaluated using iTRAQ/tandem mass tag (TMT) tech-
nology to identify peptides, quantify proteins and analyze 

Fig. 3. Treatment of glioma cells with Cortex Periplocae (CP) induces apoptosis. The U251 and TG905 cells were treated with CP (0 µg/mL, 8 µg/mL, 
16 µg/mL, and 32 µg/mL) for 48 h. A,B. Early and late apoptotic cells were analyzed using flow cytometry with Annexin V-FITC staining (n = 3); 
C. The apoptosis-related proteins, namely cleaved caspase-3, caspase-3 and poly (ADP-ribose) polymerase (PARP) were analyzed using western blot

** p < 0.01; *** p < 0.001; **** p < 0.0001 compared to the control group. 

Table 2. Target gene of Cortex Periplocae (CP) for treating glioma

Molecule name Gene 
symbol

Gene 
ID

Apoptosis regulator Bcl-2 BCL2 596

Muscarinic acetylcholine receptor M1 CHRM1 1128

Muscarinic acetylcholine receptor M4 CHRM4 1132

Progesterone receptor PGR 5241

Muscarinic acetylcholine receptor M3 CHRM3 1131

Serum paraoxonase/arylesterase 1 PON1 5444

Caspase-3 CASP3 836

Gamma-aminobutyric acid receptor subunit alpha-1 GABRA1 2554

Caspase-9 CASP9 841

Caspase-8 CASP8 842

Glucocorticoid receptor NR3C1 2908

Muscarinic acetylcholine receptor M2 CHRM2 1129

Prostaglandin G/H synthase 1 PTGS1 5742

Protein kinase C alpha type PRKCA 5578

Fig. 4. Drug targets of Cortex 
Periplocae (CP) for treating 
glioma. A Venn diagram 
of constituent-related targets 
and glioma therapeutic-related 
targets
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differentially expressed proteins. As shown in Table 3, 40,288 
peptides, including 36,930 unique peptides, were detected, 
and 5482 proteins were identified. Among the 5482 pro-
teins, a change in expression greater than 1.2-fold (up >1.2 
or down <0.83) and a significance level of p < 0.05 were 
the criteria set for screening the differentially expressed 
proteins. The National Center for Biotechnology Informa-
tion (NCBI) Basic Local Alignment Search Tool (BLAST) re-
source was used to screen differentially expressed proteins. 
There were 369 differentially expressed proteins, including 
166 upregulated and 203 downregulated. The quantitative 
statistical results are presented using a volcano plot (Fig. 5).

Gene Ontology analysis

In proteomics, the collection of all proteins in a cell, 
tissue or organism is the major object of study. For high-
throughput omics, it  is a priority to understand which 
functions or biological pathways are significantly affected 
by biological treatments. Thus, proteins and their func-
tions should be analyzed and summarized more systemati-
cally. All proteins identified in this project were subjected 
to GO functional annotation. Then, the GO enrichment 

analysis was performed for differentially expressed pro-
teins using Fisher’s exact test.

The 369 differentially expressed proteins were cat-
egorized into biological process (BP), molecular func-
tion (MF) and cellular component (CC), based on their 
annotation (Fig. 6). The BP analysis revealed that most 
of the proteins were primarily involved in cellular po-
tassium ion homeostasis, cell proliferation, keratiniza-
tion, macrophage activation, and intermediate filament 
bundle assembly. The  significant enrichment of  CC 
was mainly related to cytokine activity, receptor regu-
lator activity, receptor–ligand activity, DNA-binding 
transcription activator activity, RNA polymerase II-
specific and sodium-potassium-exchanging ATPase 
activity. According to the MF analysis, some proteins 
were clearly enriched in keratin filament, intermediate 
filament, sodium–potassium-exchanging ATPase com-
plex, condensed chromosome outer kinetochore, and 
ATPase-dependent transmembrane transport complex. 
Additionally, cellular process, biological regulation, reg-
ulation of biological process, metabolic process, binding, 
catalytic activity, cell, cell part, and organelle changed 
significantly (Fig. 7).

Table 3. Statistics on the protein identification results

Database Peptides Unique peptides Protein groups Upregulated Downregulated Significantly different 
proteins

Swissport_Human 40,288 36,930 5482 166 230 369

Fig. 5. Volcano plot of differentially expressed proteins in Cortex Periplocae (CP)-treated cells. All proteins were plotted with log2 fold change on the x-axis 
and –log10 (p-value) on the y-axis. The red dots indicate significantly differentially expressed proteins (up >1.2 or down <0.83). The red dots on the left 
indicate underexpressed proteins. The red dots on the right indicate overexpressed proteins. The black dots are proteins with no differences in the CP-
treated group compared with the control group (n = 3)
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Fig. 6. The Gene Ontology 
(GO) functional enrichment 
analysis of the differentially 
expressed proteins. 
The x-axis represents 
the enriched GO functional 
classification, divided into 
biological process (BP), 
molecular function (MF) 
and cellular component 
(CC). The ordinate indicates 
the number of differentially 
expressed proteins. 
The color of the bar chart 
indicates the significance 
of the enriched GO 
functional classification. 
The label at the top 
of the bar chart shows 
the enrichment factor 
(richFactor ≤1), which 
refers to the ratio 
of the differentially expressed 
protein relative to all 
identified proteins

Fig. 7. The Gene Ontology (GO) analysis of 369 differentially expressed proteins for functional classification. Red, blue and orange bars represent biological 
processes, molecular functions and cellular components, respectively, ranking terms in the same category according to p-values. The ordinates on the left 
and right represent the number of differentially expressed proteins and their percentage within the differentially expressed proteins
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KEGG analysis

To identify the biological pathways related to differentially 
expressed proteins, KEGG was conducted. The proteins 
were found to be involved in 261 KEGG pathways. The top 
20 significant pathways are: protein digestion and absorption, 
transcriptional misregulation in cancer, cardiac muscle con-
traction, bile secretion, malaria, proximal tubule bicarbonate 
reclamation, aldosterone-regulated sodium reabsorption, 
gastric acid secretion, mineral absorption, cytokine–cyto-
kine receptor interaction, insulin secretion, Fanconi anemia 
pathway, carbohydrate digestion and absorption, viral myo-
carditis, p53 signaling pathway, Staphylococcus aureus infec-
tion, estrogen signaling pathway, PPAR signaling pathway, 
primary bile acid biosynthesis, and bladder cancer (Fig. 8).

Differentially expressed proteins  
validated with PRM

In order to further confirm the iTRAQ results, we se-
lected 6 differentially expressed proteins for quantita-
tive PRM analysis. The PRM results (Table 4) exhibited 
the same trends as the data detected using iTRAQ, indicat-
ing that the originally obtained data are reliable.

Discussion

The crude extract or  the active components of CP, 
such as periplocin and PPG, have been investigated for 
hindering the growth of cancers, including pancreatic 

Fig. 8. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis of the 369 differentially expressed proteins. The KEGG pathways with significant 
enrichment are represented by the ordinate. The horizontal axis shows the number of differentially expressed proteins included in each KEGG pathway. 
The color of the bar chart indicates the significance of the enriched KEGG pathway. The label at the top of the bar chart shows the enrichment factor 
(richFactor ≤1), which refers to the ratio of the differentially expressed proteins relative to all identified proteins

Table 4. Quantitative results for 14 candidate proteins determined using the parallel reaction monitoring (PRM)

Protein name Average_C Average_T Ratio_T/C TTEST_T/C

P08238 43.06311 30.39073 0.705725419 0.006075415

P11388 1.6252 2.30856 1.420479392 0.087019915

P05023 6.85455 12.97942 1.893549629 0.142457108

Q15582 1.28649 3.26519 2.538055779 0.137229876

P05026 3.307 5.24357 1.585595508 0.004255904

P04818 2.09784 0.99814 0.475794078 0.000295652

Student’s t-test was used to calculate the p-values of groups T and C. Average_C is the average of the 3 repetitive protein expression in group C. Average_T 
is the average of the 3 repetitive protein expression in group T. Ratio_T/C is the p-value of t-test.
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cancer, gastric cancer, colon cancer, lung cancer, and 
nasopharyngeal cancer.9 In  this study, the  ethanol 
extract of CP inhibited the proliferation of U251 and 
TG905 cells, and induced cell cycle arrest and apopto-
sis. To find the specific active components responsible 
for the antitumor pharmacological properties, the net-
work pharmacology analysis was conducted. We found 
16 active components, namely poriferast-5-en-3beta-ol, 
beta-sitosterol, sitosterol, 21-O-Methyl-5,14-pregndiene-
3β,14β,17β,21-tetrol-20-one, 21-O-Methyl-5-pregnene-
3β,14β,17β,20,21-pentol, glycoside K_qt, glycoside 
H2_qt, glycozolidal, PPG, glycoside E_qt, periplocoside 
M_qt, delta 5-pregnenetriol, periplocoside O_qt, perip-
locymarin_qt, neridienone A, and xysmalogenin.

Several reports have illustrated that beta-sitosterol 
inhibits the proliferation of a range of cancer cell lines 
related to  the  activation of  cell cycle arrest31,32 and 
stimulation of cellular apoptosis,33 which are consis-
tent with our findings. Beta-sitosterol isolated from 
various plants accelerates apoptosis by  stimulating 
the apoptosis pathway34 and the PI3K-AKT pathway.35 
Wang et al. reported that beta-sitosterol reverses drug 
resistance in colorectal cancer via the p53 signaling 
pathway.36 In our study, results from both integrated 
network pharmacology and iTRAQ-based quantitative 
proteomics technology demonstrated the  activation 
of the p53 pathway, apoptosis pathway and PI3K-AKT 
signaling pathway in glioma cells after treatment with 
CP extract. Additionally, β-sitosterol plays an important 
role in  treating prostate, lung, ovarian, colon, breast, 
and stomach cancer.37

Periplogenin was first isolated from the chloroform ex-
tract of CP in 1987, which clearly decreased the prolifera-
tion of ascite-associated cancer S180 cells.38 Li et al. reported 
that PPG strongly inhibited the proliferation of A2780, 
BGC823, PC3, Bel-7402, U937, A549, and HCT-8 cell lines 
in vitro with 0.66–3.16 uM IC50 values.39 Currently, re-
searchers have suggested that PPG may activate the ROS-
ER stress pathway to stimulate apoptosis in colon cancer.17 
In nasopharyngeal cancer, PPG is related to the triggering 
of the PI3K-AKT signaling pathway.18 The results reported 
by other researchers are consistent with our findings based 
on the network pharmacology and iTRAQ-based quantita-
tive proteomics.

In addition to the abovementioned pathways, our find-
ings showed that the Kaposi sarcoma-associated herpes 
virus infection pathway, the calcium signaling pathway, 
the transcriptional misregulation in cancer pathway, and 
others are involved in the CP-induced glioma treatment. 
The iTRAQ-based quantitative proteomics analysis also 
showed that there were 6  important differentially ex-
pressed proteins (HSP90AB1, TOP2A, ATP1A1, TGFβ1, 
ATP1B1, and TYMS) found in  CP-treated U251 cells 
compared with the control group. The specific functions 
of these proteins should be investigated further in future 
studies.

Limitations

There are several limitations to this study. First, it is not 
clear which component of CP plays the anti-glioma role. 
Second, we only performed an in vitro cell study; further 
in vivo animal studies are needed to confirm this finding.

Conclusions

In this study, we revealed that the extract of CP inhibited 
the proliferation of U251 and TG905 cells, and induced 
cell cycle arrest and apoptosis. We also found 16 active 
compounds of CP. Additionally, 6 proteins (HSP90AB1, 
TOP2A, ATP1A1, TGFβ1, ATP1B1, and TYMS) were iden-
tified as the key factors involved in the regulation of CP 
in glioma. This study sheds light on the underlying mo-
lecular mechanisms mediated by CP effects in glioma.
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