
Frontiers in Oncology

OPEN ACCESS

EDITED BY

Shuhong Luo,
RayBiotech (United States), United States

REVIEWED BY

Wenbo Hao,
Southern Medical University, China
Xuerong Li,
Sun Yat-sen University, China

*CORRESPONDENCE

Hongli Liu

liuning20050125@163.com

Zhenghong Li

Lizhbbmc@163.com

Jing Zhang

jade.zhangjing@bbmu.edu.cn

†These authors have contributed equally to
this work and share first authorship

‡These authors have contributed equally to
this work and share last authorship

RECEIVED 23 October 2024

ACCEPTED 03 February 2025

PUBLISHED 25 February 2025

CITATION

Hu M, Wang L, Zhang F, Xie Y, Zhang T, Liu H,
Li Z and Zhang J (2025) Network
pharmacology combined with molecular
docking and experimental validation of the
mechanism of action of columbianetin
acetate in the treatment of ovarian cancer.
Front. Oncol. 15:1515976.
doi: 10.3389/fonc.2025.1515976

COPYRIGHT

© 2025 Hu, Wang, Zhang, Xie, Zhang, Liu, Li
and Zhang. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 25 February 2025

DOI 10.3389/fonc.2025.1515976
Network pharmacology
combined with molecular
docking and experimental
validation of the mechanism
of action of columbianetin
acetate in the treatment of
ovarian cancer
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Tingting Zhang1, Hongli Liu3*‡, Zhenghong Li1*‡

and Jing Zhang1*‡

1Department of Genetics, School of Life Sciences, Bengbu Medical University, Bengbu, China,
2Department of Clinical Medicine, Bengbu Medical University, Bengbu, China, 3Department of
Gynecological Oncology, First Affiliated Hospital of Bengbu Medical University, Bengbu, China
Background: Ovarian cancer is the most prevalent malignant tumor of the

female reproductive system and has the highest mortality rate among

gynecological cancers. Columbianetin acetate (CE) is one of the active

ingredients of Angelica sinensis, which has good antifungal and anti-

inflammatory activities. However, its potential mechanism of action in ovarian

cancer remains unclear. This study used network pharmacology and molecular

docking technology to investigate the molecular mechanism and material basis

of CE in the treatment of ovarian cancer, and further verified by in

vitro experiments.

Methods: Relevant targets for CE were obtained from TCMSP and

SwissTargetPrediction databases. OMIM, GeneCards and DisGeNET databases

were applied to screen ovarian cancer-related targets. The STRING database to

obtain protein-protein interaction (PPI) network. Then key targets were obtained

using Cytoscape software, followed by expression, survival and ROC diagnostic

analyses of core genes using R software. GO and KEGG enrichment analyses

were performed using the DAVID database. Binding ability of CE to core targets

was assessed by molecular docking. KEGG sites were used to predict core gene-

related pathways. Subsequently, in vitro cellular experiments were performed to

further investigate the molecular mechanism of CE treatment for ovarian cancer.

Results: A total of 55 CE-ovarian cancer interaction targets were identified using

network pharmacology techniques. Among these, eight key targets —ESR1,

GSK3B, JAK2, MAPK1, MDM2, PARP1, PIK3CA, and SRC—were screened using

Cytoscape software. Core genes ESR1, GSK3B and JAK2 were obtained based on

expression, prognostic and diagnostic values using R software. GO and KEGG

enrichment analyses indicated that CE treatment of ovarian cancer might be
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related to PI3K/Akt signaling pathway, MAPK signaling pathway, ErbB signaling

pathway and Ras signaling pathway. The molecular docking results showed that

CE had good binding ability with core targets ESR1, GSK3B and JAK2. The results

of in vitro cellular experiments indicated that CE may inhibit the proliferation and

metastasis of ovarian cancer and promote apoptosis by inhibiting the PI3K/AKT/

GSK3B pathway.

Conclusions: Based on the network pharmacology approach, we predicted the

potential mechanism of CE for the treatment of ovarian cancer, which provided a

new idea for further research on its pharmacological mechanism.
KEYWORDS
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1 Introduction

One of the main causes of death for women worldwide is

ovarian cancer. An estimated 313,000 new cases and 152,000

deaths globally are attributed to ovarian cancer each year (1). In

the United States, ovarian cancer ranks fifth among cancer-related

fatalities among women, and globally, it is the eighth most common

cause of death for women (2). It is commonly recognized that the

main course of treatment for ovarian cancer involves surgery as the

primary intervention, adjuvant chemotherapy as a supplement, and

a focus on a mix of therapeutic techniques (3, 4). However, because

cancer cells have a poor susceptibility to drugs and a high level of

resistance, existing treatments typically fail (5). Therefore, the

search for new treatment modalities for ovarian cancer is urgent.

Traditional Chinese medicine (TCM) and their derivatives are the

most represented alternative treatment for resolving health issues,

including cancer, according to accumulating research (6–9). The

benefits of traditional Chinese medicine (TCM) include its ability to

address various targets, few side effects, and high curative efficacy (10).

Columbianetin acetate (CE) is one of the main active constituents

isolated fromAngelica sinensis, which has been demonstrated to have a

range of biological effects, such as antioxidation and anti-inflammatory

properties (11). Unfortunately, there are very few reports on CE and

even fewer studies on the mechanisms of CE in cancer. Therefore, the

present study mainly used network pharmacology and molecular

docking techniques to try to explore the molecular mechanism of the

effect of CE on ovarian cancer.

The paradigm for medical research has gradually shifted as

interdisciplinary subjects like bioinformatics, systems biology, and
onal Chinese Medicine;

harmacology; OMIM,

cyclopedia of gene and

, Cellular Component;

; MCC, maximal clique

CK8, Cell counting kit-

lymphoma-2.
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computational biology have grown in popularity. The research

strategy of disease diagnosis and treatment has also changed from

“single disease, single target, single drug” to “multi-target,

systematic regulation” (12, 13). Network pharmacology is a new

interdisciplinary discipline based on systems biology, genomics,

proteomics, etc., which uses computer to integrate a large amount of

information and discover new drug targets and molecular

mechanisms (14). This is a useful instrument for obtaining a full

and methodical understanding of the workings of multi-ingredient

medication from a holistic perspective (15). Therefore, in the

present study, we investigated the molecular mechanism of CE in

the treatment of ovarian cancer, starting from the prediction of

network pharmacology, and performed in vitro experiments for

further validation. These findings provide new insights into the

active ingredients of traditional Chinese medicine for the treatment

of cancer and provide theoretical guidance for further clinical

applications. The flowchart of this study is shown in Figure 1.
2 Materials and methods

2.1 Collecting potential targets for
ovarian cancer

Using “ovarian cancer” as the keyword, potential therapeutic

targets for ovarian cancer were retrieved from the Online

Mendelian Inheritance in Man (OMIM) database (https://

omim.org/), the DisGeNET database (https://www.disgenet.org/),

and GeneCards database (http://www.genecards.org/).
2.2 Collection of CE-related targets

By using Traditional Chinese Medicine Systematic

Pharmacology Database and Analysis Platform (TCMSP, http://

lsp.nwu.edu.cn/tcmsp.php), Swiss Target Prediction database

(http://www.swisstargetprediction.ch) to obtain the targets
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FIGURE 1

Flowchart of this study.
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corresponding to CE, and the target information was standardized

through the Universal Protein Resource Database (UniProt, https://

www.uniprot.org/). The standardized targets were merged and

duplicates were removed to obtain CE-related targets.
2.3 Construction of a common target PPI
network for CE and ovarian cancer

Importing targets that intersect with drugs and diseases into the

STRING database (http://string-db.org). In the operator interface,

the species was limited to “Homo sapiens” and the confidence level

was set to ≥ 0.7 to generate the PPI network. The results were

visualized by Cytoscape 3.10.1 software, and the network topology

parameters of these targets were obtained using the tool Analysis

network in Cytoscape, with the size of the nodes and the shade of

the color adjusted according to the degree value, and the plug-ins

cytoHubba and CytoNCA in Cytoscape software were also used to

further screen the core targets.
2.4 GO and KEGG enrichment analyses

CE and ovarian cancer crossover genes were imported into the

DAVID (https://david.ncifcrf.gov/) database for gene ontology

(GO) annotation and Kyoto Encyclopedia of the Genome

(KEGG) enrichment analysis. GO analysis was performed in

terms of biological process (BP), molecular function (MF), and

cellular component (CC). The obtained data were uploaded to the

bioinformatics (http://www.bioinformatics.com.cn/) platform for

visualization and analysis.
2.5 Screening of core genes based on
clinical value

To understand the clinical significance of the key genes, we

integration of gene expression data of ovarian cancer and normal

ovarian epithelial tissues from TCGA database (https://

porta l .gdc .cancer .gov/) and GTEx database (ht tps : / /

commonfund.nih.gov/GTEx), using unified RNA-seq data in

TPM format from TCGA and GTEx databases. Based on the

clinical information of these samples, differential analysis, Kaplan-

Meier analysis and ROC diagnosis were performed using the stats

package, car package, survival package and pROC package in R 4.4.1

software, and the results were all visualized using ggplot2 package.
2.6 Molecular docking validation

Based on the above analysis, we validated the molecular docking

of CE with core targets. The 3D crystal structures of the target

proteins were obtained in the Protein Data Bank (PDB, https://

www.rcsb.org/). The corresponding PDB format files were

downloaded, water molecules, ions, and ligands were removed

using PyMOL software, and the processed proteins were saved as
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PDBQT files. The mol2 files of CE were obtained through TCMSP

database (http://lsp.nwu.edu.cn/tcmsp.php), hydrogenated using

AutoDockTools 1.5.7 software, charge numbers were calculated,

molecular rigidity properties were determined and exported as

PTBQT files. After that, molecular docking was performed by

AutoDock Vina to predict the binding energy between CE and

the core target, and 3D visualization was performed using PyMOL

software, and 2D visualization was performed by LigPlot software.
2.7 Diagram of the pathway of CE action in
ovarian cancer

Key targets were red-flagged by visualizing the PI3K/AKT

signaling pathway, a key pathway for CE action in ovarian cancer,

through the KEGG Mapper tool on the KEGG website (https://

www.kegg.jp/).
2.8 Cell culture

The human ovarian epithelial cell line IOSE-80 was purchased

from iCell Biosciences (Shanghai, China). Ovarian cancer cell lines

SKOV3 and A2780 were purchased from the Shanghai Cell Bank of

the Chinese Academy of Sciences and Starfish Biotechnology

(Jiangsu, China). The medium were McCoy’s 5A medium and

RPMI 1640 medium (Gibco, ThermoFisher Scientific, USA)

supplemented with 10% fetal bovine serum (FBS) and 1%

penicillin-streptomycin. Cells were placed in a humidified

incubator at 37°C and 5% CO2. CE was purchased from MCE

(Shanghai, China), dissolved in DMSO, and diluted to the

appropriate concentration.
2.9 Cell proliferation capacity assay

Cell proliferation assay was performed using Cell Counting Kit-

8 (CCK-8). IOSE-80, SKOV3 and A2780 cells were inoculated in

96-well plates at a density of 4 × 103 cells/well. After overnight

incubation in the incubator, the cells were treated with 0, 5, 10, 20,

40, 80 and 160 mM of CE for 48 h. After 48 h, 10 mL of CCK-8

solution (Bimake, USA) was added to each well, and the cells were

incubated at 37°C for 2 h. The OD values were determined at 450

nm using an enzyme labeller (BioTek Inc., USA, cytation3, Inc.),

and the IC50 concentration of CE was calculated for subsequent

experiments. For colony formation experiment, 1× 103 cells were

inoculated in 6-well plates and cultured. After 48 h of CE treatment,

the cells were fixed with 4% paraformaldehyde for 10 min, washed

twice, and then stained with 1% crystal violet staining solution.

Finally, the number of colonies was counted by ImageJ software.
2.10 Apoptosis detection

FITC Annexin V Apoptosis Detection Kit (BD, USA) was used

for apoptosis detection. SKOV3 and A2780 cells were treated with
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different concentrations of CE for 48 h, washed twice with pre-

cooled PBS, digested, collected, centrifuged, and after centrifugation

resuspended with 500 mL 1× binding solution, 5 mL of FITC

Annexin V and 5 mL of PI were added. Mixed with the

resuspended cells, and incubated in the dark for 30 min at room

temperature. Apoptosis was measured by flow cytometry (BD

Biosciences, USA) within 1 h.
2.11 Invasion and migration detection

Transwell and wound healing assays were used to determine the

effect of CE on the ability of ovarian cancer cells to invade and

migrate. Transwell assays were performed on 24-well plates using

Transwell® permeable scaffolds (Corning Incorporated, USA).

After 48 h of CE treatment on SKOV3 and A2780 cells, the cells

were resuspended in serum-free medium at a density of 3 × 104

cells/well. Invasion assays required pre-coating of the upper

chamber with matrix gel, while migration assays were performed

without matrix gel. Then 600 mL of medium containing serum was

added to the lower chamber. After 48 h of incubation, the cells were

stained with crystal violet. Detection of cell migration using the

scratch method. SKOV3 and A2780 cells were inoculated into 6-

well plates, and when the cell number reached 90% or more, a

straight line was scraped with the tip of a 100 mL pipette and the

cells were treated with CE. Images of the cells were taken with a

microscope at the indicated times (0, 24 h). And the area of wound

closure was measured using ImageJ software.
2.12 Western blot assay

After CE treatment for 48 h, proteins were extracted from the

cells and their concentrations were measured using the BCA protein

assay kit (Beyotime, Shanghai, China). Subsequently, the proteins

(20~30 mg)were separated by sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE). The separated

proteins were transferred to a PVDF membrane (Immobilon-P,

Carlsbad, Ireland) and closed with 5% skimmed milk for 2 h. Then

the membrane was incubated in a refrigerator at 4°C overnight.

Primary antibodies used: E-Cadherin (ET1607-75, HUABIO), N-

Cadherin (ET1607-37, HUABIO), Vimentin (GB111308,

Servicebio), Bcl-2 (GB113375, Servicebio), Bak (3814S, Cell

Signaling Technology), PI3K (60225, Proteintech), Phospho-

PI3K (AF3242, Affinity), AKT (A5031, Bimake), Phospho-AKT

(4058S, Cell Signaling Technology), Phospho-GSK3B (ET1607-60,

HUABIO), GSK3B (ET1607-71, HUABIO), Vinculin (66305,

Proteintech). The next day, the membrane was placed in diluted

secondary antibody. Bands were visualized using ECL

chemiluminescence detection.
2.13 Statistical analysis

Experimental data were expressed as mean ± SD. Statistical data

were analyzed using GraphPad Prism 8.0 software. Differences
Frontiers in Oncology 05
between two groups were analyzed by t-test, and comparisons

between multiple groups were analyzed by one-way analysis of

variance (ANOVA). p < 0.05 was considered statistically significant.
3 Results

3.1 Acquisition of common targets for CE
and ovarian cancer

The CE targets were obtained from two databases, TCMSP and

Swiss Target Prediction, with 14 targets obtained from TCMSP

database and 100 targets from the Swiss Target Prediction database.

The data from the two databases were combined and de-duplicated to

obtain a total of 112 CE targets. Ovarian cancer targets were obtained

from the OMIM, GeneCards and DisGeNET databases, 200 targets

were obtained from the OMIM database, 2603 ovarian cancer targets

were screened based on relevance scores ≥ 8 in GeneCards database,

and 2563 relevant targets were screened based on scores ≥ 0.01 in

DisGeNET database. The data from the three databases were combined

and deduplicate, resulting in 3917 ovarian cancer-related targets. 55

overlapping targets between CE and ovarian cancer were obtained by

Venny 2.1.0 (Figure 2A), and these 55 overlapping targets were used as

possible therapeutic targets.
3.2 Construction of PPI network for CE
and ovarian cancer

The 55 crossover targets were entered into the STRING website

and the minimum interaction score was set to greater than 0.7

(Figure 2B). The data were then imported into Cytoscape software

to construct a PPI network graph of CE interactions with ovarian

cancer. There are 55 nodes and 365 edges in the network, The size

and color of the nodes in the graph vary with the Degree value. The

top six by Degree value are SRC, MAPK1, ESR1, PTGS2, PIK3CA,

and MDM2 (Figure 2C). Next, using the CytoNCA plugin in

Cytoscape software, a median DC value of 11 was used as the

filtering condition, resulting in 29 nodes and 232 edges. When the

DC was greater than twice the median (DC > 22), 10 nodes and 42

edges were obtained (Figure 2D). Meanwhile, the core genes were

further screened using the Maximum Clonal Centrality (MCC)

algorithm and Maximum Neighborhood Component (MNC)

algorithm in Cytoscape’s plugin cytoHubba (Figures 2E, F). The

key targets of CE acting on cells were further analyzed by combining

the three Cytoscape software screening methods, and finally the 8

key targets of MDM2, PARP1, SRC, MAPK1, PIK3CA, ESR1, JAK2

and GSK3B were screened out (Figure 2G).
3.3 GO and KEGG pathway
enrichment analysis

To further explore the molecular mechanism of CE treatment

for ovarian cancer, we analyzed 55 intersecting genes for GO and

KEGG enrichment. In the GO enrichment analysis, three items of
frontiersin.org
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biological process (BP), molecular function (MF) and cellular

component (CC) were obtained. The top 10 items enriched for

BP, CC and MF are represented by bubble and bar graphs

(Figures 3A, B). BP is mainly associated with peptidyl-serine

phosphorylation, positive regulation of MAPK cascade, protein

phosphorylation, and signal transduction. CC is mainly related to

macromolecular complexes, mitochondria, extracellular regions,

cellular exosomes, etc. MF is mainly related to protein tyrosine
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kinase activity, protein serine/threonine kinase activity, and so on.

Subsequently, we performed KEGG enrichment analysis and

selected the top 20 pathways for visualization based on the p

value to plot bubble and Sankey diagrams (Figures 3C, D). The

results revealed that the most prominent pathway among these 20

pathways was the cancer pathway. In addition, PI3K- Akt signaling

pathway, MAPK signaling pathway, ErbB signaling pathway and

Ras signaling pathway were also involved.
FIGURE 2

Acquisition of common targets between CE and ovarian cancer and construction of PPI networks. (A) Venn diagram of cross-targeting of CE and
ovarian cancer. (B) PPI network diagrams available through the STRING database. (C) The PPI network graph is visualized through Cytoscape, where
the size of the nodes is determined by the degree value. (D) Key targets were screened by CytoNCA selecting DC>22 (DC >2x median) as a criterion.
(E, F) Key targets were screened using the MCC and MNC algorithms in the cytoHubba plugin. (G) The key targets obtained by the three algorithms
are taken as intersections to obtain their crossover targets.
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3.4 Expression, prognostic levels and
diagnostic value of key genes

After obtaining eight key genes by network pharmacological

analysis, we analyzed their clinical significance by performing

differential analysis (Figure 4), Kaplan-Meier analysis (Figure 5), and

ROC diagnostics (Figure 6). The expression of key genes between

tumor tissues and normal tissues based on both TCGA and GTEx

databases were significant. Kaplan-Meier results showed that only

ESR1, JAK2, GSK3B, and MAPK1 were statistically significant

(P<0.05). ROC diagnostic results showed better diagnostic

performance of PARP1, ESR1, JAK2, GSK3B, and SRC (AUC>0.8).

Therefore, we obtained the core genes JAK2, GSK3B, ESR1.
3.5 Molecular docking

To validate the predictions of network pharmacology, we used

molecular docking to assess the binding affinity between CE and

targets. The lower the binding energy, the more stable the binding

between the ligand and the receptor. Normally we consider a

binding energy < -5 kcal/mol to indicate good binding between

the ligand and the receptor. The docking results showed that the
Frontiers in Oncology 07
binding energies of CE with GSK3B, JAK2 and ESR1 were -7.41

kcal/mol (Figure 7A), -7.3 kcal/mol (Figure 7B) and -7.21 kcal/mol

(Figure 7C), respectively, which indicated that CE had good binding

ability with GSK3B, JAK2and ESR1. The detailed information is

shown in Table 1. It is suggested that these targets may be potential

binding targets for CE.
3.6 KEGG predicts the signaling pathway

The core pathway PI3K/AKT signaling pathway was searched

through the KEGG website, and the core target GSK3B is located

downstream of the PI3K/AKT signaling pathway (Figure 8).

Therefore, we predicted that CE might play a role in ovarian

cancer by regulating the PI3K/AKT/GSK3B signaling pathway.
3.7 CE inhibited ovarian cancer
cells proliferation

To evaluate the effect of drugs on ovarian cancer cells

proliferation, we performed cell viability assays and colony

formation assays using SKOV3 and A2780 cells. CCK-8 results
FIGURE 3

GO and KEGG enrichment analysis of CE-treated ovarian cancer. (A, B) Bubble and bar graphs for the first 20 items of Biological Processes (BP),
Cellular Components (CC), and Molecular Functions (MF). (C, D) KEGG enrichment was demonstrated with bubble plots and Sankey plots of genes in
relation to the top 20 pathways.
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showed that with the increase of CE concentration, there was almost

no significant change in cell viability of IOSE-80 cell, and the cell

activity of SKOV3 and A2780 cells decreased in a time- and dose-

dependent manner, which indicated that CE was almost non-toxic
Frontiers in Oncology 08
to normal ovarian epithelial cells and inhibitory to ovarian cancer

cells (Figures 9A–C). Meanwhile, the IC50 values of SKOV3 and

A2780 cells at 48 h were 12.22 mM and 41.90 mM. Therefore, in

subsequent experiments, we used 10 mM and 20 mM of CE to treat
FIGURE 4

Integration of TCGA database and GTEx database on the expression of 8 key genes in ovarian cancer and normal ovarian tissues. **p < 0.01 and
***p < 0.001 vs. normal tissue.
FIGURE 5

The TCGA database was used to analyze the overall survival of eight key genes.
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SKOV3 cells and 40 mM and 80 mM of CE to treat A2780 cells,

respectively. In addition, colony formation assay results showed

that the number of colonies decreased significantly with increasing

CE concentration (Figures 9D–G). These data suggest that CE can

inhibit the proliferation of ovarian cancer cells with little or no toxic

effect on normal ovarian epithelial cells.
3.8 CE induced apoptosis in ovarian
cancer cells

To investigate whether CE could affect the apoptosis of ovarian

cancer cells, Annexin V-FITC/PI double staining was performed

after incubating the cells with different concentrations of CE for 48

h. The results showed that the apoptosis rate of cells in the dosing

group was significantly higher than that of the control group

(Figures 10A–D). In addition, 48 h after CE action on ovarian

cancer cells, Western blot analysis showed that the expression level

of Bak was significantly increased, while the expression level of Bcl-

2 was significantly decreased (Figures 10E–H). These findings

indicated that CE can induce apoptosis in ovarian cancer cells.
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3.9 CE inhibited ovarian cancer cells
invasion and migration

Next, we performed transwell assays and wound healing assays

to test that CE plays a role in the invasion and migration of ovarian

cancer cells. The results of the transwell assay showed that the rate

of invasion and migration was significantly slower in the treatment

group with the addition of CE compared to the control group

(Figures 11A–D). Wound healing experiments demonstrated the

same results, with increasing CE concentration, the scratch area at

24 h was higher than that of the control group (Figures 11E–H).

Collectively, these findings indicate that CE could significantly

inhibit the invasion and migration of ovarian cancer cells.
3.10 CE inhibited EMT in ovarian
cancer cells

In addition to detecting invasion and migration, we also detected

the expression of EMT markers, namely E-cadherin, N-cadherin and

Vimentin. Western blot results showed a significant increase in E-

cadherin expression and a significant decrease in N-cadherin and

Vimentin protein expression with increasing CE concentration

compared to the control group (Figures 12A-D). Together, these

findings clearly indicated that CE can inhibit the EMT process in

ovarian cancer.
3.11 CE may act on ovarian cancer cells by
regulating the PI3K/AKT/GSK3B pathway

KEGG pathway analysis predicted that CE might affect ovarian

cancer by regulating the PI3K/AKT/GSK3B pathway. To verify this, we
TABLE 1 Binding energy of CE to 3 hub targets.

Target PDB ID Bonding energy
(kcal/mol)

GSK3B 7B6F -7.41

ESR1 7NFB -7.21

JAK2 8BXH -7.3
FIGURE 6

Integration of the TCGA database and the GTEx database to assess the diagnostic value of 8 key genes.
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examined the expression of key proteins of the pathway after 48 h of CE

treatment. Western blot results showed that the expression of P-PI3K/

PI3K, P-AKT/AKT and P-GSK3B/GSK3B were reduced in ovarian

cancer cells in the CE-treated group compared with the control group

(Figures 13A-D). Therefore, we suggest that CE may play an inhibitory

role in ovarian cancer by inhibiting the PI3K/AKT/GSK3B

signaling pathway.
Frontiers in Oncology 10
4 Discussion

Ovarian cancer is a malignant tumor with poor prognosis and

high recurrence rate (16, 17), which seriously threatens women’s

health and life. One of the biggest obstacles to treating ovarian

cancer is the problem of chemotherapy resistance (18). Chinese

medicine chemicals are more effective in treating diseases due to
FIGURE 7

Molecular docking of CE with 3 hub targets. (A) Molecular docking of CE with GSK3B is shown in 2D, 3D, surface and energy thermograms. (B, C)
Molecular docking of CE with JAK2 and ESR1 are shown in 2D and 3D.
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their multi-component, multi-targeted nature and lower side effects

when compared to chemical medications and biopharmaceuticals

(19). Angelica sinensis is a traditional Chinese herb with anti-

inflammatory, anti-tumor and sedative properties (20).

Columbianetin acetate, as one of the main active constituents of

Angelica sinensis, has anti-inflammatory properties and a high

small intestinal absorption rate (21). However, it remains poorly

studied in tumors, and this study focuses on exploring the

mechanism of action of CE in ovarian cancer, providing new

insights into the role of CE in the treatment of tumors. In the

current study, we used network pharmacology, bioinformatics and

molecular docking techniques to screen the core genes and

pathways of CE action in ovarian cancer, and found that CE

induced apoptosis and inhibited metastasis of ovarian cancer cells

by in vitro experiments.

Apoptosis is a form of programmed cell death, a process of

gene-regulated, self-induced cellular death. It can be classified into

intrinsic and extrinsic apoptotic pathways, with its mechanisms

involving numerous signaling pathways (22). Since apoptosis plays

a key role in the pathogenesis of many diseases, understanding the

mechanisms of apoptosis is crucial for cancer treatment (23). The
Frontiers in Oncology 11
endogenous apoptotic pathway is an important mechanism of

apoptosis and is usually triggered by intracellular stress (e.g.,

oxidative stress, DNA damage, cellular nutrient deficiencies, etc.)

(24). The Bcl-2 family includes pro-apoptotic proteins (e.g., Bax,

Bak) and inhibitory proteins (e.g., Bcl-2, Bcl-xL), and pro-apoptotic

proteins are activated under stressful conditions, leading to

disruption of the permeability of the outer mitochondrial

membrane (25). This prompts the release of cytochrome c into

the cytoplasm, where cytochrome c binds Apaf-1, forming

apoptotic vesicles that activate caspase-9, which further activates

executive caspases such as caspase-3, ultimately leading to cell death

(26, 27). After CE acted on ovarian cancer cells, apoptotic cells were

detected using flow cytometry, which showed that the number of

apoptotic cells increased with the increase of drug concentration

compared with the control group. At the same time, we detected the

expression of apoptotic proteins by western blot assay, and found

that the expression level of Bcl-2 was significantly reduced after

drug action, while Bak showed the opposite trend. These results

revealed that CE could induce apoptosis in ovarian cancer cells.

Prevention of tumor metastasis can go some way to controlling

deaths caused by tumors (28). Epithelial-mesenchymal transition
frontiersin.or
FIGURE 8

KEGG website to retrieve a map of the key pathways of CE action in ovarian cancer. PI3K/AKT signaling pathway, core targets are marked in red.
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(EMT) plays an important role in tumor metastasis and is an

important biological process by which malignant tumor cells

derived from epithelial cells acquire the ability to migrate and

invade (29–31). EMT is characterized by a reduction in adhesion

junctions and apical-basal polarity, which ultimately promotes cell

motility and invasion (32). EMT promotes tumor invasion and

metastasis mainly by altering the microenvironment, leading to

tumor growth, invasion, metastasis and angiogenesis (33). Research

indicates the existence of numerous signaling pathways methods

engaged in EMT, encompassing transformative growth factor beta

(TGF-b), reliant on SMAD/independent, Wnt/b-catenin, Matrix,

PI3K/AKT/mTOR, and AKT/GSK3b pathways of catenin signaling

(34–36). Our present study demonstrated that CE could inhibit the

viability, invasion and migration of ovarian cancer cells by CCK8,

scratch and transwell assays. Moreover, it was found by western blot

assay that the action of CE significantly elevated the expression of E-

Cadherin protein, while the protein expression of N-Cadherin and
Frontiers in Oncology 12
Vimentin was reduced, which indicated that CE could inhibit the

EMT process of ovarian cancer cells. In summary, our findings

show that CE can inhibit the growth and metastasis of ovarian

cancer cells.

Based on the KEGG enrichment results, after CE action, PI3K/

Akt, MAPK and Ras signaling pathways intertwine with each other

to form a complex signaling network, which affects the biological

behaviors of ovarian cancers. CEmay promote the anticancer effects

by regulating the interactions of these pathways. Subsequently, we

validated the PI3K/AKT signaling pathway, a key pathway for CE

action in ovarian cancer, and found the core target GSK3B as

downstream of PI3K/AKT at the KEGG website. Furthermore,

PI3K/AKT/GSK3B is aberrant in a wide range of cancers and has

been shown to play a key role in cancer cell proliferation, migration,

invasion and apoptosis (37). Based on this we performed western

blot experiments, which showed that the expression of P-PI3K/

PI3K, P-AKT/AKT and P-GSK3B/GSK3B decreased with
FIGURE 9

CE inhibited the proliferation of ovarian cancer cells. (A–C) The effect of CE on the viability of IOSE-80, SKOV3 and A2780 cells was detected by
CCK8 assay. (D–G) SKOV3 and A2780 cells were treated with CE for colony formation assay and stained with crystal violet. *p < 0.05, ***p < 0.001
and ****p < 0.0001 and vs. control group.
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increasing concentrations of CE. These results suggest that CE can

inhibit ovarian cancer growth by inhibiting the PI3K/AKT/GSK3B

signaling pathway. This study presents a new perspective on the

molecular mechanism of traditional Chinese medicine in the

treatment of ovarian cancer, and we need to perform in vivo

experiments to further validate it. However, this study still has

some shortcomings. First, collecting predictive targets from publicly
Frontiers in Oncology 13
available databases requires more convincing prospective studies to

confirm our findings. In addition, the validation of the pathway

could be further verified by adding inhibitors or activators of the

PI3K pathway. Finally, in vivo experimental validation remains to

be performed. Nevertheless, our findings suggest that CE may be a

promising candidate for the treatment of ovarian cancer, providing

a theoretical basis for clinical therapy.
FIGURE 10

CE promoted apoptosis in ovarian cancer cells. (A–D) After 48h of CE action on SKOV3 and A2780 cells, apoptosis was detected by Annexin V/PI
double staining. (E–H) Expression levels of Bcl2 and Bak proteins in A2780 and SKOV3 cells after CE treatment using western blotting assay.
*p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001 vs. control group.
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5 Conclusion

In conclusion, the present study demonstrated that

Columbianetin acetate could inhibit the proliferation and
Frontiers in Oncology 14
metastasis of ovarian cancer and induce apoptosis by inhibiting

the PI3K/AKT/GSK3B pathway. It provided a new direction for the

treatment of ovarian cancer and a new idea for future clinical

translational research.
FIGURE 11

CE inhibited invasion and migration of ovarian cancer cells. (A–D) Effect of CE on the migration and invasion ability of SKOV3 and A2780 cells using
transwell assay. (E–H) Effect of CE on the migratory ability of SKOV3and A2780 cells detected using wound healing assay. **p < 0.01, ***p < 0.001
and ****p < 0.0001 vs. control group.
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FIGURE 12

CE inhibited the EMT process in ovarian cancer cells (A–D) The expression levels of E-cadherin, N-cadherin and Vimentin proteins in A2780 and
SKOV3 cells after CE treatment were examined using western blotting assay. *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001 vs.
control group.
FIGURE 13

CE inhibited the PI3K/AKT/GSK3B signaling pathway in ovarian cancer cells. (A–D) The expression levels of P-PI3K/PI3K, P-AKT/AKT and P-GSK3B/
GSK3B proteins in A2780 and SKOV3 cells after CE treatment were examined using western blotting assay.*p < 0.05, **p < 0.01 and ***p < 0.001 vs.
control group.
Frontiers in Oncology frontiersin.org15

https://doi.org/10.3389/fonc.2025.1515976
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Hu et al. 10.3389/fonc.2025.1515976
Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding authors.
Author contributions

MH: Data curation, Methodology, Software, Writing – original

draft. LW: Data curation, Software, Writing – original draft. FZ:

Conceptualization, Software, Writing – original draft. YX: Software,

Writing – original draft. TZ: Software, Writing – original draft. HL:

Software, Writing – review & editing. ZL: Writing – review &

editing. JZ: Validation, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study

was grants from the Key Projects of Scientific Research in Higher

Educational Institutions in Anhui Province (2024AH051188),

Bengbu Science and Technology Innovation Guidance Project

(2024ZD0004), National Innovation Program for College
Frontiers in Oncology 16
Students (202410367064) and Cultivation Base for the Training of

Outstanding Students in Biological Sciences (2021jcxkpy014).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer J
Clin. (2023) 73:17–48. doi: 10.3322/caac.21763

2. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer
incidence and mortality worldwide: sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer. (2015) 136:E359–86. doi: 10.1002/ijc.v136.5

3. Lheureux S, Gourley C, Vergote I, Oza AM. Epithelial ovarian cancer. Lancet.
(2019) 393:1240–53. doi: 10.1016/S0140-6736(18)32552-2

4. Armstrong DK, Alvarez RD, Bakkum-Gamez JN, Barroilhet L, Behbakht K,
Berchuck A, et al. Ovarian cancer, version 2.2020, NCCN clinical practice guidelines
in oncology. J Natl Compr Canc Netw. (2021) 19:191–226. doi: 10.6004/
jnccn.2021.0007

5. Gao MQ, Choi YP, Kang S, Youn JH, Cho NH. CD24+ cells from hierarchically
organized ovarian cancer are enriched in cancer stem cells. Oncogene. (2010) 29:2672–
80. doi: 10.1038/onc.2010.35

6. Hsiao WL, Liu L. The role of traditional Chinese herbal medicines in cancer
therapy–from TCM theory to mechanistic insights. Planta Med. (2010) 76:1118–31.
doi: 10.1055/s-0030-1250186

7. Tavakoli J, Miar S, Majid Zadehzare M, Akbari H. Evaluation of effectiveness of
herbal medication in cancer care: a review study. Iran J Cancer Prev. (2012) 5:144–56.

8. Fu B, Wang N, Tan HY, Li S, Cheung F, Feng Y. Multi-component herbal
products in the prevention and treatment of chemotherapy-associated toxicity and side
effects: A review on experimental and clinical evidences. Front Pharmacol. (2018)
9:1394. doi: 10.3389/fphar.2018.01394

9. Yin SY, Wei WC, Jian FY, Yang NS. Therapeutic applications of herbal medicines
for cancer patients. Evid Based Complement Alternat Med. (2013) 2013:302426.
doi: 10.1155/2013/302426

10. Wang K, Chen Q, Shao Y, Yin S, Liu C, Liu Y, et al. Anticancer activities of TCM
and their active components against tumor metastasis. BioMed Pharmacother. (2021)
133:111044. doi: 10.1016/j.biopha.2020.111044

11. Jeong HJ, Na HJ, Kim SJ, Rim HK, Myung NY, Moon PD, et al. Anti-
inflammatory effect of Columbianetin on activated human mast cells. Biol Pharm
Bull. (2009) 32:1027–31. doi: 10.1248/bpb.32.1027

12. Greene JA, Loscalzo J. Putting the patient back together - social medicine,
network medicine, and the limits of reductionism. N Engl J Med. (2017) 377:2493–9.
doi: 10.1056/NEJMms1706744
13. Nogales C, Mamdouh ZM, List M, Kiel C, Casas AI, Schmidt HHHW. Network
pharmacology: curing causal mechanisms instead of treating symptoms. Trends
Pharmacol Sci. (2022) 43:136–50. doi: 10.1016/j.tips.2021.11.004

14. Boezio B, Audouze K, Ducrot P, Taboureau O. Network-based approaches in
pharmacology. Mol Inform. (2017) 36:10. doi: 10.1002/minf.201700048

15. Wang S, Tong Y, Ng TB, Lao L, Lam JK, Zhang KY, et al. Network
pharmacological identification of active compounds and potential actions of Erxian
decoction in alleviating menopause-related symptoms. Chin Med. (2015) 10:19.
doi: 10.1186/s13020-015-0051-z

16. Modugno F, Edwards RP. Ovarian cancer: prevention, detection, and treatment of the
disease and its recurrence. Molecular mechanisms and personalized medicine meeting
report. Int J Gynecol Cancer. (2012) 22:S45–57. doi: 10.1097/IGC.0b013e31826bd1f2

17. Tan Q, Liu H, Xu J, Mo Y, Dai F. Integrated analysis of tumor-associated
macrophage infiltration and prognosis in ovarian cancer. Aging (Albany NY). (2021)
13:23210–32. doi: 10.18632/aging.203613

18. Fu X, Zhang Q, Wang Z, Xu Y, Dong Q. CRABP2 affects chemotherapy
resistance of ovarian cancer by regulating the expression of HIF1a. Cell Death Dis.
(2024) 15:21. doi: 10.1038/s41419-023-06398-4

19. Lou JS, Yao P, Tsim KWK. Cancer treatment by using traditional chinese
medicine: probing active compounds in anti-multidrug resistance during drug therapy.
Curr Med Chem. (2018) 25:5128–41. doi: 10.2174/0929867324666170920161922

20. Yang Y, Zhu R, Li J, Yang X, He J, Wang H, et al. Separation and enrichment of
three coumarins from angelicae pubescentis radix by macroporous resin with
preparative HPLC and evaluation of their anti-inflammatory activity. Molecules.
(2019) 24:2664. doi: 10.3390/molecules24142664

21. Yang XW, Guo QM, Wang Y. Absorption and transport of 6 coumarins isolated
from the roots of Angelica pubescens f. biserrata in human Caco-2 cell monolayer
model. Zhong Xi Yi Jie He Xue Bao. (2008) 6:392–8. doi: 10.3736/jcim20080413

22. Pistritto G, Trisciuoglio D, Ceci C, Garufi A, D'Orazi G. Apoptosis as anticancer
mechanism: function and dysfunction of its modulators and targeted therapeutic
strategies. Aging (Albany NY). (2016) 8:603–19. doi: 10.18632/aging.100934

23. Wong RS. Apoptosis in cancer: from pathogenesis to treatment. J Exp Clin
Cancer Res. (2011) 30:87. doi: 10.1186/1756-9966-30-87

24. Kroemer G, Galluzzi L, Brenner C. Mitochondrial membrane permeabilization
in cell death. Physiol Rev. (2007) 87:99–163. doi: 10.1152/physrev.00013.2006
frontiersin.org

https://doi.org/10.3322/caac.21763
https://doi.org/10.1002/ijc.v136.5
https://doi.org/10.1016/S0140-6736(18)32552-2
https://doi.org/10.6004/jnccn.2021.0007
https://doi.org/10.6004/jnccn.2021.0007
https://doi.org/10.1038/onc.2010.35
https://doi.org/10.1055/s-0030-1250186
https://doi.org/10.3389/fphar.2018.01394
https://doi.org/10.1155/2013/302426
https://doi.org/10.1016/j.biopha.2020.111044
https://doi.org/10.1248/bpb.32.1027
https://doi.org/10.1056/NEJMms1706744
https://doi.org/10.1016/j.tips.2021.11.004
https://doi.org/10.1002/minf.201700048
https://doi.org/10.1186/s13020-015-0051-z
https://doi.org/10.1097/IGC.0b013e31826bd1f2
https://doi.org/10.18632/aging.203613
https://doi.org/10.1038/s41419-023-06398-4
https://doi.org/10.2174/0929867324666170920161922
https://doi.org/10.3390/molecules24142664
https://doi.org/10.3736/jcim20080413
https://doi.org/10.18632/aging.100934
https://doi.org/10.1186/1756-9966-30-87
https://doi.org/10.1152/physrev.00013.2006
https://doi.org/10.3389/fonc.2025.1515976
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Hu et al. 10.3389/fonc.2025.1515976
25. Danial NN, Korsmeyer SJ. Cell death: critical control points. Cell. (2004)
116:205–19. doi: 10.1016/S0092-8674(04)00046-7

26. Slee EA, Adrain C, Martin SJ. Serial killers: ordering caspase activation events in
apoptosis. Cell Death Differ. (1999) 6:1067–74. doi: 10.1038/sj.cdd.4400601

27. Kuribayashi K, Mayes PA, El-Deiry WS. What are caspases 3 and 7 doing
upstream of the mitochondria? Cancer Biol Ther. (2006) 5:763–5. doi: 10.4161/
cbt.5.7.3228

28. Meyerhardt JA, Mayer RJ. Systemic therapy for colorectal cancer. N Engl J Med.
(2005) 352:476–87. doi: 10.1056/NEJMra040958

29. Dong B, Qiu Z, Wu Y. Tackle epithelial-mesenchymal transition with
epigenetic drugs in cancer. Front Pharmacol. (2020) 11:596239. doi: 10.3389/
fphar.2020.596239

30. Rezaei R, Baghaei K, Amani D, Piccin A, Hashemi SM, Asadzadeh Aghdaei H,
et al. Exosome-mediated delivery of functionally active miRNA-375-3p mimic regulate
epithelial mesenchymal transition (EMT) of colon cancer cells. Life Sci. (2021)
269:119035. doi: 10.1016/j.lfs.2021.119035

31. Wang Z, Wang L, Shi B, Sun X, Xie Y, Yang H, et al. Demethyleneberberine
promotes apoptosis and suppresses TGF-b/Smads induced EMT in the colon cancer
cells HCT-116. Cell Biochem Funct. (2021) 39:763–70. doi: 10.1002/cbf.v39.6
Frontiers in Oncology 17
32. Babaei G, Aziz SG, Jaghi NZZ. EMT, cancer stem cells and autophagy; The three
main axes of metastasis. BioMed Pharmacother. (2021) 133:110909. doi: 10.1016/
j.biopha.2020.110909

33. Feng P, Zhu L, Jie J, Yang P, Sheng N, Chen X, et al. Cannabidiol inhibits
invasion and metastasis in colorectal cancer cells by reversing epithelial-mesenchymal
transition through the Wnt/b-catenin signaling pathway. J Cancer Res Clin Oncol.
(2023) 149:3587–98. doi: 10.1007/s00432-022-04265-x

34. Feng YL, Chen DQ, Vaziri ND, Guo Y, Zhao YY. Small molecule inhibitors of
epithelial-mesenchymal transition for the treatment of cancer and fibrosis. Med Res
Rev. (2020) 40:54–78. doi: 10.1002/med.21596

35. Karimi Roshan M, Soltani A, Soleimani A, Rezaie Kahkhaie K, Afshari AR,
Soukhtanloo M. Role of AKT and mTOR signaling pathways in the induction of
epithelial-mesenchymal transition (EMT) process. Biochimie. (2019) 165:229–34.
doi: 10.1016/j.biochi.2019.08.003

36. Lin Y, Yang Z, Xu A, Dong P, Huang Y, Liu H, et al. PIK3R1 negatively regulates
the epithelial-mesenchymal transition and stem-like phenotype of renal cancer cells
through the AKT/GSK3b/CTNNB1 signaling pathway. Sci Rep. (2015) 5:8997.
doi: 10.1038/srep08997

37. Polivka JJr., Janku F.Molecular targets for cancer therapy in the PI3K/AKT/mTOR
pathway. Pharmacol Ther. (2014) 142:164–75. doi: 10.1016/j.pharmthera.2013.12.004
frontiersin.org

https://doi.org/10.1016/S0092-8674(04)00046-7
https://doi.org/10.1038/sj.cdd.4400601
https://doi.org/10.4161/cbt.5.7.3228
https://doi.org/10.4161/cbt.5.7.3228
https://doi.org/10.1056/NEJMra040958
https://doi.org/10.3389/fphar.2020.596239
https://doi.org/10.3389/fphar.2020.596239
https://doi.org/10.1016/j.lfs.2021.119035
https://doi.org/10.1002/cbf.v39.6
https://doi.org/10.1016/j.biopha.2020.110909
https://doi.org/10.1016/j.biopha.2020.110909
https://doi.org/10.1007/s00432-022-04265-x
https://doi.org/10.1002/med.21596
https://doi.org/10.1016/j.biochi.2019.08.003
https://doi.org/10.1038/srep08997
https://doi.org/10.1016/j.pharmthera.2013.12.004
https://doi.org/10.3389/fonc.2025.1515976
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Network pharmacology combined with molecular docking and experimental validation of the mechanism of action of columbianetin acetate in the treatment of ovarian cancer
	1 Introduction
	2 Materials and methods
	2.1 Collecting potential targets for ovarian cancer
	2.2 Collection of CE-related targets
	2.3 Construction of a common target PPI network for CE and ovarian cancer
	2.4 GO and KEGG enrichment analyses
	2.5 Screening of core genes based on clinical value
	2.6 Molecular docking validation
	2.7 Diagram of the pathway of CE action in ovarian cancer
	2.8 Cell culture
	2.9 Cell proliferation capacity assay
	2.10 Apoptosis detection
	2.11 Invasion and migration detection
	2.12 Western blot assay
	2.13 Statistical analysis

	3 Results
	3.1 Acquisition of common targets for CE and ovarian cancer
	3.2 Construction of PPI network for CE and ovarian cancer
	3.3 GO and KEGG pathway enrichment analysis
	3.4 Expression, prognostic levels and diagnostic value of key genes
	3.5 Molecular docking
	3.6 KEGG predicts the signaling pathway
	3.7 CE inhibited ovarian cancer cells proliferation
	3.8 CE induced apoptosis in ovarian cancer cells
	3.9 CE inhibited ovarian cancer cells invasion and migration
	3.10 CE inhibited EMT in ovarian cancer cells
	3.11 CE may act on ovarian cancer cells by regulating the PI3K/AKT/GSK3B pathway

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


