& frontiers | Frontiers in Oncology

@ Check for updates

OPEN ACCESS

EDITED BY
Tanri Shiozawa,
Shinshu University, Japan

REVIEWED BY
Tingyuan Lang,

Chongging University, China

Sabahattin Comertpay,

Kahramanmaras Sttct Imam University,
Tuarkiye

*CORRESPONDENCE
Shan Bao
baoshan3@hainmc.edu.cn

"These authors have contributed equally to
this work

RECEIVED 14 April 2023
ACCEPTED 28 June 2023
PUBLISHED 19 July 2023

CITATION
Jin Y-B, Liang X-C, Cai J-H, Wang K,
Wang C-Y, Wang W-H, Chen X-L and
Bao S (2023) Mechanism of action

of icaritin on uterine corpus
endometrial carcinoma based on
network pharmacology and
experimental evaluation.

Front. Oncol. 13:1205604.

doi: 10.3389/fonc.2023.1205604

COPYRIGHT
© 2023 Jin, Liang, Cai, Wang, Wang, Wang,
Chen and Bao. 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.

Frontiers in Oncology

TvpPE Original Research
PUBLISHED 19 July 2023
Dol 10.3389/fonc.2023.1205604

Mechanism of action of
icaritin on uterine corpus
endometrial carcinoma based
on network pharmacology
and experimental evaluation

Yan-Bin Jin****, Xiao-Chen Liang****, Jun-Hong Cai*,
Kang Wang*, Chen-Yang Wang®, Wen-Hua Wang®,
Xiu-Li Chen**** and Shan Bao****

‘Department of Gynecology and Obstetrics, Hainan Affiliated Hospital of Hainan Medical University,
Hainan General Hospital, Haikou, Hainan, China, 2Key Laboratory of Reproductive Health Diseases
Research and Translation (Hainan Medical University), Ministry of Education, Haikou, Hainan, China,
3Hainan Provincial Key Laboratory for Human Reproductive Medicine and Genetic Research, The First
Affiliated Hospital of Hainan Medical University, Hainan Medical University, Haikou, Hainan, China,
“Medical Laboratory Center, Hainan Affiliated Hospital of Hainan Medical University, Hainan General
Hospital, Haikou, Hainan, China, *Department of Obstetrics and Gynecology, The Second Affiliated
Hospital of Zhengzhou University, Zhengzhou, Henan, China, ®Department of Obstetrics and
Gynecology, The First Hospital of Lanzhou University, Lanzhou, Gansu, China

Background: Uterine corpus endometrial carcinoma (UCEC) belongs to a group
of epithelial malignant tumors. Icaritin is the main active compound of Epimedii
Folium. Icaritin has been utilized to induce UCEC cells to death.

Methods: We wished to identify potential targets for icaritin in the treatment of
UCEC, as well as to provide a groundwork for future studies into its
pharmacologic mechanism of action. Network pharmacology was employed
to conduct investigations on icaritin. Target proteins were chosen from the
components of icaritin for UCEC treatment. A protein—protein interaction (PPI)
network was established using overlapping genes. Analyses of enrichment of
function and signaling pathways were undertaken using the Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) databases, respectively,
to select "hub genes”. Finally, experiments were carried out to ascertain the effect
of icaritin on endometrial cancer (HEC-1-A) cells.

Results: We demonstrated that icaritin has bioactive components and putative
targets that are therapeutically important. Icaritin treatment induced sustained
activation of the phosphoinositide 3-kinase/protein kinase B (PI3K/Akt pathway)
and inhibited growth of HEC-1-A cells.

Conclusion: Our data provide a rationale for preclinical and clinical evaluations
of icaritin for UCEC therapy.
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Introduction

Uterine corpus endometrial carcinoma (UCEC) belongs to a
group of epithelial malignant tumors. It is the most common
gynecologic malignancy in developed countries, and occurs in the
endometrium of primarily postmenopausal and perimenopausal
women (1).

The morbidity and mortality of UCEC has shown an increasing
trend worldwide in recent years (2). Surgery combined with
adjuvant therapy (radiotherapy and/or chemotherapy) is the
standard treatment for UCEC (3). Although efficacious in a
subset of patients, these treatments can elicit severe side-effects.
In clinical treatments of cancer, prolonged chemotherapies can
induce drug resistance that leads to treatment failure (4).

Icaritin is the main active compound of Epimedii Folium (5).
Icaritin has anti-tumor activity and can also be used with other anti-
tumor agents (e.g., curcumin, doxorubicin) to treat tumors (6). It
has been reported that icaritin can inhibit the growth of endometrial
cancer cells (7). Few reports have focused on the mechanism of
action of icaritin. The precise molecular mechanisms of its anti-
tumor effect have not been characterized.

We aimed to provide a reference for UCEC cells death
mechanistic research. Using network pharmacology, we
investigated how icaritin may be able to regulate UCEC. We used
a compounds-genes—disease (C-G-D) network to create a “core”
between icaritin and UCEC. We identified overlapping genes to
establish a protein-protein interaction (PPI) network. Next, we
perused the Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) databases to analyze the enrichment of
function and signaling pathways, respectively, to select “hub
genes.” Finally, to ascertain how icaritin affects cell growth and
the phosphoinositide 3-kinase/protein kinase B (PI3K/Akt
pathway), in vitro cellular experiments were undertaken.

Abbreviations: UCEC, uterine corpus endometrial carcinoma; C-G-D,
compounds-genes—-disease; PPI, protein-protein interaction; GO, Gene
Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; TCMSP,
Traditional Chinese Medicine Systems Pharmacology; OB, Oral bioavailability;
DL, drug-likeness; STRING, Search Tool for the Retrieval of Interacting Genes/
Proteins; BP, biological process; CC, cellular component; MF, molecular function;
CCKS8:CellCountingKit-8; NC , Negative control; PVDF, polyvinylidene
difluoride; PI3K, phosphoinositide 3-kinase; Akt, protein kinase B; ACTB,
actin-beta; ACOX1, acyl-coenzyme a oxidase 1; ACATI, acetyl-coenzyme a
acetyltransferase 1; ACADVL, acyl coenzyme a dehydrogenase very long chain;
ACADM, acyl coenzyme A dehydrogenase; ADK, adenosine kinase; ACTAIL,
actin-alpha 1; ACLY,adenosine triphosphate citrate lyase; ACADL, long-chain
specific acyl-coa dehydrogenase; ACTN1,and actinin alpha 1; PDHALI, pyruvate
dehydrogenase alpha 1; PDP1, pyruvate dehydrogenase phosphatase 1; AGE-
RAGE, advanced glycation endproducts/receptor for advanced glycation

endproducts; MAPK, mitogen-activated protein kinase.
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Materials and methods
Bioactive ingredients of icaritin

To identify all of the metabolites present in icaritin, we utilized
the Traditional Chinese Medicine Systems Pharmacology (TCMSP)
database (https://tcmsp-e.com/). Oral bioavailability (OB) and
“drug-likeness” (DL) are the essential pharmacokinetic qualities
in absorption, distribution, metabolism, and excretion
methodology. OB refers to the pace and extent of absorption of
an oral medication into the circulatory system from the
gastrointestinal tract. DL refers to herbal compounds that are
related structurally to recognized medicines. Substances with OB
230% and DL >0.18 were investigated as active ingredients in the
present study (8).

Products of icaritin genes are activated

By attaching to certain molecular processes at transcriptome and
protein levels, chemicals can have an impact upon biosynthesis. The
TCMSP database was used to find chemical-target interactions. The
“Ensemble” dataset within the UniProt database (www.uniprot.org/)
was used to harmonize gene names. After deleting duplicate targets,
the targets of icaritin were identified.

Collection of disease targets

We used the phrase “UCEC” to search the GeneCards database
(www.genecards.org/) and the Online Mendelian Inheritance in Man
(OMIM) database (www.omim.org/) and Therapeutic Target Database
(https://db.idrblab.net/) to search for UCEC-related targets. The
GeneCards database includes complete data about annotated human
genes. Using the program “Venny 2.1.0”, the overlap between the
putative target genes of icaritin and UCEC-related targets was found
(http://bioinfogp.cnb.csic.ed/tools/venny/). These were considered to
be targets in icaritin for UCEC intervention, as shown in a
Venn diagram.

Building of a C-G-D network

We used the target genes of icaritin and the treatment targets of
UCEC from Venny 2.1.0, which was the overlap between them.
Then, using Cytoscape 3.8.0 (https://cytoscape.org/), we merged the
details from the ingredient, genetic, and disease data to create a C-
G-D network (9).

Analyses of a PPl network

To locate the genes that overlapped, we utilized the target genes
of icaritin and the therapy targets of UCEC from either of the three
datasets. The created PPI network, which itself was based on the
Search Tool for the Retrieval of Interacting Genes/Proteins
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(STRING) database (https://string-db.org/), was displayed in
Cytoscape. With a level of precision, the “degree” within
Cytoscape was used to identify the top-11 domains that were
plausible hub candidates (10).

Enrichment analyses

Enrichment analyses were employed to provide further
information about the biological activities of icaritin that occur in
UCEC. We used the Metascape database (https://metascape.org/)
for 135 key target genes. Then, in the GO database, biological
process (BP), cellular component (CC), and molecular function
(MF) terms were used to identify the top-10 GO keywords to obtain
gene functions. The KEGG database was employed to identify the
signaling pathways that were enriched. The Bioinformatics
databases (www.bioinformatics.com.cn/) was used to conduct
mapping analysis.

Preparation of icaritin

Lcaritin (purity = 99.27%) was purchased from MedChemExpress
(catalog number: HY-N0678; Monmouth Junction, NJ, USA). Icaritin
powder was dissolved in dimethyl sulfoxide to a high concentration
(10 mM) and stored in the dark at —20°C. At the time of use, icaritin
solutions were diluted with culture medium to the required
concentrations.

Culture and treatment of cells

The HEC-1-A cell line was obtained from ProCell (Santa Ana,
CA, USA). The cell line was cultured in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal bovine serum, 1% penicillin—
streptomycin solution, 1% alanyl-glutamine in an atmosphere of 5%
CO, at 37°C.

Cell-proliferation assays

During the logarithmic growth phase, HEC-1-A cells were
plated into 96-well plates (1x10* cells in a suspension of 100 uL),
with three replicates per treatment. When cells showed adherent
growth, the supernatant was replaced with medium containing
icaritin. After 24h,48 h,72h 10 puL of Cell Counting Kit-8 (CCK-
8) working solution (Servicebio, Wuhan, China) was added, and
cells were cultured for an additional 2 h. The absorbance at 450 nm
was measured. Cell-growth curves were drawn based on the average
absorbance of each sample.

Colony-formation assay

HEC-1-A cells were seeded in 12-well plates at 250 cells/well.
When cells showed adherent growth, medium containing icaritin
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was added, followed by incubation at 37°C for 2 weeks, during
which time the medium was changed every 3 days. Colonies were
fixed with methanol, stained with 0.1% crystal violet, and counted.

Wound-healing assay

Straight lines at a distance of 0.5 cm from each other were
marked on the underside of six-well plates. Logarithmic-growth
phase cells were seeded into dishes. Nicks were made 0.5-cm apart
on the inside bottom of the dish along with the labeled lines using a
1000 uL sterile pipette tip when cells were close to confluence. Then,
cell cultures were washed thrice with sterile phosphate-buffered
saline and incubation in serum-free medium for 24 h was
undertaken. The scratch width was photographed under phase
contrast on an inverted microscope (BX51; Olympus, Tokyo)
with a digital camera (100x magnification; DP70; Olympus). This
experiment was repeated three times.

Detection of apoptosis

Cells were seeded into six-well plates and cultured for 48 h. Flow
cytometry was used to detect apoptosis in different groups
according to manufacturer (BD Biosciences, San Jose, CA, USA)
instructions. This experiment was repeated three times.

Western blotting

Proteins extracted from HEC-1-A cells were prepared using RIPA
buffer containing the phosphatase inhibitor phenylmethylsulfonyl
fluoride (RIPA:phenylmethylsulfonyl fluoride = 100:1). Proteins
were quantified with a bicinchoninic acid protein assay kit
(Servicebio, Wuhan, China). Then, protein samples were
fractionated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis on 10% gels and transferred to polyvinylidene
difluoride (PVDF) membranes. PVDF membranes were incubated
with primary antibodies against PI3K (1:500 dilution; Proteintech,
Chicago, IL, USA), phosphorylated (p)-PI3K (1:1000; BIOSS,
Woburn, MA, USA), Akt (1:20000; Proteintech), p-Akt (1:20000;
Proteintech), and glyceraldehyde 3-phosphate dehydrogenase (1:
50000; Proteintech). After washing with Tris-buffered saline and
Tween 20, PVDF membranes were incubated with the
corresponding secondary antibody for 1.5 h at 25°C. An
electrochemiluminescence detection reagent (Beyotime Institute of
Biotechnology, Shanghai, China) was used to visualize protein bands.

Statistical analyses

Experimental data were analyzed using SPSS 24.0 (IBM,
Armonk, NY, USA). Repeated-measures analysis of variance was
used to compare differences among groups. The unpaired Student’s
t-test was employed to compare mean values between two groups.
Univariate analysis of variance was used to compare data between
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groups. Data are the mean + standard deviation. P < 0.05 was
considered significant.

Results
Active compounds present in icaritin

We searched the TCMSP database for 23 ingredients based on
OB and DL values (Table 1).

Probable targets of icaritin for
UCEC therapy

After deleting duplicates, according to TCMSP and UniProt
databases, icaritin had 206 targets. After repetitions in the GeneCards
database had been identified, 2551 genes related to UCEC were
identified. The intersection of 206 icaritin endpoints and 2551 UCEC-
related keywords was established using Venny 2.1.0. Venn diagrams
revealed 135 candidate genes related to UCEC and icaritin (Figure 1).

Icaritin—related network

The components of traditional Chinese medicine (TCM)
formulations interact with a vast array of moieties to create a
multitude of therapeutic actions. However, network pharmacology is
an essential method for comprehending the basic mechanisms of how
TCM formulations work. Cytoscape was used to create a C-G-D
system for icaritin with regard to UCEC (Figure 2). The C-G-D system
revealed 160 nodes and 293 edges.

PPl network

To further identify the genetic basis of the pharmacologic activities
of icaritin, candidate genes were added to the STRING dataset to create
a PPI network. The nodes and edges of the PPI network indicate
proteins and protein-protein interactions. After omission of
disconnected locations, a PPI network was formed with 91 notes and
266 edges (Figure 3). The top-11 key targets for potential anti-UCEC
effects were actin-beta (ACTB), acyl-coenzyme a oxidase 1 (ACOX1),
acetyl-coenzyme a acetyltransferase 1 (ACATI), acyl coenzyme a
dehydrogenase very long chain (ACADVL), acyl coenzyme A
dehydrogenase (ACADM), adenosine kinase (ADK), actin-alpha 1
(ACTAL), adenosine triphosphate citrate lyase (ACLY), long-chain
specific acyl-coa dehydrogenase (ACADL), and actinin alpha 1
(ACTN1) (Figure 4).

Analysis of functional enrichment using the
GO database

The targets of icaritin stated above were inputted into the
Metascape database to examine the vast diversity of biological
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TABLE 1 The 23 substances found in icaritin, along with their OB and
DL values.

No Mol ID Molecule name OB DL
%
1 MOLO001510 24-epicampesterol 3758  0.71
2 MOL001645 Linoleyl acetate 42.10 = 0.20
3 MOL001771 Poriferast-5-en-3beta-ol 3691  0.75
4 MOL001792 DFV 3276 0.18
5 MOL003044 Chryseriol 3585  0.27
6 MOL003542 8-Isopentenyl-kaempferol 38.04 039
7 MOL000359 Sitosterol 36.91 0.75
8 MOL000422 Kaempferol 4188 | 0.24
9 MOL004367 Olivil 62.23 041
10 MOL004373 Anhydrolcaritin 45.41 0.44
11 MOL004380 C-Homoerythrinan,1,6-didehydro- 39.14 | 0.49
3,15,16-trimethoxy-, (3.beta)-

12 MOL004382 Yinyanghuo A 56.96  0.77
13 MOL004384 Yinyanghuo C 45.67 0.5

14 MOL004386 Yinyanghuo E 51.63 = 0.55
15 MOL004388 6-hydroxy-11,12-dimethoxy-2,2- 60.64 = 0.66

dimethyl-1,8-dioxo-2,3,4,8-tetrahydro-
1H-isochromeno|3,4-h] isoquinolin-2-
ium
16 MOL004391 8-(3-methylbut-2-enyl)-2-phenyl- 4854 | 0.25
chromone
17 MOL004394 Anhydrolcaritin-3-O-alpha-L- 4158 | 0.61
rhamnoside
18 MOL004396 1,2-bis(4-hydroxy-3-methoxyphenyl) 5231 022
propan-1,3-diol

19 MOL004425 Icariin 41.58 0.61
20 MOL004427 Icariside A7 3191  0.86
21 MOL000006 Luteolin 36.16  0.25
22 MOL000622 Magnograndiolide 63.71 | 0.19
23 MOL000098 Quercetin 4643  0.28

properties of potential targets for UCEC therapy. The most enriched
BP were “response to inorganic substance”, “response to metal ion”,
and “response to reactive oxygen species.” The most enriched CC were
“membrane raft”, “membrane microdomain”, and “plasma membrane
raft”. The most enriched MF were “DNA-binding transcription factor

binding”, “RNA polymerase II-specific DNA-binding transcription
factor binding”, and “transcription factor binding” (Figure 5).

Enrichment of signaling pathways
according to the KEGG database

The 135 endpoints were entered into the Metascape database
for analysis of enrichment of signaling pathways. A mixture of
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Icaritin

FIGURE 1
Venn diagrams revealed 135 candidate genes related to UCEC and icaritin.

UCEC

2366
(92%)

enrichment scores and p-values was used to determine the top-
10 signaling pathways that were enriched (Table 2); “Pathways in
cancer”, “PI3K-Akt signaling pathway”, and “MAPK signaling
pathway” were among the signaling pathways enriched
(Figure 6).

Icaritin impairs the proliferation of HEC-1-
A cells and enhances apoptosis

Addition of various concentrations of icaritin to HEC-1-A cells
led to strong impairment of their viability (Figure 7A). Besides, the

AN MOLQNA R
10L00035: 0L00437
0L004391 0L00438
AN\
c 0L00042 0L0043 0
0L00438 0L00438
Cl
0L00009 0L00179:
| 0L00439 0L00436 ]
0L00439 0L003542
v
0L00442 0L00164
TR W
0L00000 0L001771
0L 0044210100062

FIGURE 2

C-G-D network for icaritin. Molecules are represented in the inner circle. The gene of interest is in the outer circle.
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FIGURE 3
PPI network.

formation of colonies of HEC-1-A cells was also repressed when
icaritin (25 uM) was added and incubation allowed to proceed for
48 h (Figure 7B). In addition, the number of apoptotic HEC-1-A
cells increased after the addition of icaritin (25 uM) and incubation
being allowed to proceed for 48 h (Figure 7C). These results

30

|

FIGURE 4
Top-11 hub genes of icaritin for UCEC treatment.

Degree

Frontiers in Oncology

indicated that icaritin could impede the growth and enhance the
apoptosis of HEC-1-A cells.

Icaritin impedes the migration of
HEC-1-A cells

To ascertain the biological function of icaritin in UCEC, we
added medium containing icaritin (25 uM) to HEC-1-A cells and
allowed incubation to proceed for 24 h. Icaritin inhibited the
migration of HEC-1-A cells significantly according to the wound-
healing assay (Figure 8). This result suggested that icaritin could
impair the migration ability of HEC-1-A cells.

Icaritin promotes cell proliferation by
activating the PI3K/Akt pathway

Analyses of signaling-pathway enrichment using the KEGG
database suggested that the PI3K-Akt signaling pathway was
extremely important. The PI3K-Akt signaling pathway is
important in tumor progression. To unravel the molecular
mechanisms involved, we focused on this pathway. Interestingly,
western blotting illustrated that when icaritin (25 uM) was added to
HEC-1-A cells and incubation allowed to proceed for 48 h,
expression of p-PI3K and p-Akt declined. Simultaneously,
expression of PI3K and Akt was unchanged (Figure 9). These
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FIGURE 5

Top-10 enriched functions according to the GO database. The size of each dot denotes the variety of genes. The color of each dot correlates with

the p-value.

results illustrated that icaritin modulated activation of PI3K/Akt to
promote the survival of HEC-1-A cells.

Discussion

Epimedium koreanum and Epimedium sagittatum from the
Berberidaceae family contain flavonoids such as icariin, epimedin
A, and epimedin C (11). Icaritin has been used in TCM
formulations for a long time, and some studies have been shown
that it can inhibit tumor growth (12). The active components
identified in our study, such as sitosterol, luteolin, and quercetin,
have antitumor effects and inhibit tumors through various
mechanisms. [-sitosterol has been shown to effectively reduce
mitochondrial respiratory capacity by inhibiting mitochondrial
complex I (13). Luteolin can reduce the size and weight of
colonic tumors significantly by inhibiting cell-cycle arrest at the
G2/M phase. This phenomenon involves inactivation of cyclin B1/
cell-division cycle 2 and induction of apoptosis, in part via
cytochrome c¢- and deoxyadenosine triphosphate-mediated
activation of apoptotic protease activating factor-1 (14). Quercetin
can suppress heterogeneous nuclear nucleoprotein Al-promoted
apoptosis, reduce sphere-forming ability by cancer cells, and
decrease cell proliferation (15).

We identified 135 candidate genes related to UCEC and icaritin.
The top-11 key targets for potential anti-UCEC effects. Some
studies have shown that ACOX1 may be involved in
tumorigenesis. ACOX1 overexpression can mitigate, whereas
downregulation of ACOX1 expression can promote, doxorubicin-
induced apoptosis (16). Mitochondrial ACAT1 is the upstream
acetyltransferase and deacetylase of pyruvate dehydrogenase alpha

Frontiers in Oncology

1 (PDHAL) and pyruvate dehydrogenase phosphatase 1 (PDP1).
Knockdown of ACATI expression attenuates tumor growth (17).
ACADVL expression is downregulated, and ACADVL may be
involved in, the pathogenesis of adrenocortical tumors (18).
ACADM enhances the invasion and metastasis ability of breast
cancer cells. Silencing of ACADM expression has been shown to
suppress the migration and invasion of breast cancer cells
significantly. In nude-mouse models, ACADM overexpression in
MCEF-7 cells has been shown to enhance their migration and
invasion abilities significantly in vivo (19). Low ADK expression
might be a risk factor and biomarker for cancer development. Use of
an ADK inhibitor has been shown to inhibit kinetin riboside-
induced apoptosis and cytotoxicity, which suggests that cancer-
cell selectivity may be achieved based on ADK overexpression by
cancer cells (20).

Functional-enrichment analysis using the GO database showed
that the active components of icaritin had anti-tumor roles by
participating in DNA transcription and oxidation reactions.
Analyses of signaling-pathway enrichment using the KEGG
database revealed that the PI3K-Akt, advanced glycation
endproducts/receptor for advanced glycation endproducts (AGE-
RAGE), mitogen-activated protein kinase (MAPK) and other
signaling pathways were involved in UCEC. Hence, the active
components of icaritin may play a part in multiple signaling
pathways simultaneously. Studies have demonstrated activation of
the PI3K-AKT signaling pathway in patients with UCEC, as well as
its role in regulating the survival, growth, differentiation, and
apoptosis of cancer cells (21). Accumulation of AGE is associated
with upregulation of RAGE expression and activation of the AGE-
RAGE axis, which leads to oxidative stress (22). The MAPK
pathway has been revealed to be associated with UCEC
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TABLE 2 Enriched signaling pathways in UCEC and their association with genes.

Pathway

Pathways in cancer

Lipid and atherosclerosis

PI3K-Akt signaling pathway

Hepatitis B

Human cytomegalovirus infection

AGE-RAGE signaling pathway in diabetic complications

Fluid shear stress and atherosclerosis

MAPK signaling pathway

Kaposi sarcoma-associated herpesvirus infection

Gene ratio

0.3181818

0.1919191

0.1767676

0.1565656

0.1565656

0.1515151

0.1464646

0.1464646

0.1414141

Count

63

38

35

31

31

30

29

29

28

10.3389/fonc.2023.1205604

Genes

AKT]I, BIRCS5, AR, BAX, CCND1, BCL2,
BCL2L1, CALM1, CASP3, CASP7, CASPS,
CASP9, CCNA2, CDK2, CDK4,CDKN2A,
E2F1, E2F2, EGF, ELK1, ERBB2, ESR2,
FOS, GSK3B, GSTM1, GSTP1, HGF,
HMOX1, HSP90ABI1, IFNG, IGF2, IKBKB,
1L2, IL4, IL6, CXCL8, MDM2, MMP1, MMP2,
MMP9, MYC, NFE2L2, NFKBIA, NOS2,
PPARD, PPARG, PRKCA, PRKCB, MAPK1,
MAPKS, PTEN, PTGER3, PTGS2, RAF1,
RELA, RXRA, RXRB, STAT1, TGFBI, TP53,
VEGFA, NCOA1, RASSF1

AKT1, BAX, BCL2, BCL2L1, CALM1, CASP3,
CASP7, CASP8, CASP9, CD40LG, MAPK14,
CYP1A1, FOS, GSK3B, HSPA5, HSP90ABI,
ICAM1, IKBKB, IL1B, IL6, CXCL8, MMP1,
MMP3, MMP9, NFE2L2, NFKBIA, NOS3,
PPARG, PRKCA, MAPK1, MAPKS, RELA,
RXRA, RXRB, SELE, TNF, TP53, VCAM1

AKT1, CCND1, BCL2, BCL2L1, CASP9,
CDK2, CDK4, COL1A1, EGF, ERBB2, ERBB3,
GSK3B, HGF, HSP90ABI, IGF2, IKBKB, IL2,
L4, IL6, INSR, KDR, MCL1, MDM2, MYC,
NOS3, PIK3CG, PRKCA, MAPK1, PTEN,
RAFI1, RELA, RXRA, SPP1, TP53, VEGFA

AKT1, BIRC5, BAX, BCL2, CASP3, CASPS,
CASP9, CCNA2, CDK2, MAPK14, E2F1,
E2F2, ELK1, FOS, IKBKB, IL6, CXCLS8,
MMP9, MYC, NFKBIA, PCNA, PRKCA,
PRKCB, MAPK1, MAPKS, RAF1, RELA,
STAT1, TGFBI, TNF, TP53

AKT1, BAX, CCND1, CALM1, CASP3,
CASP8, CASP9, CDK4, CDKN2A, MAPK14,
E2F1, E2F2, ELK1, GSK3B, IKBKB, IL1B,

IL6, CXCL8, MDM2, MYC, NFKBIA, PRKCA,
PRKCB, MAPK1, PTGER3, PTGS2, RAF1,
RELA, TNF, TP53, VEGFA

AKT1, BAX, CCND1, BCL2, CASP3, CDK4,
COL1A1, COL3A1, MAPK14, F3, ICAM1,
IL1A, IL1B, IL6, CXCL8, MMP2, NOS3,
SERPINE1, PRKCA, PRKCB, MAPK1,
MAPKS, RELA, SELE, STAT1, TGFBI1,
THBD, TNF, VCAM1, VEGFA

AKT1, BCL2, CALM1, CAV1, MAPK14,
FOS, GSTM1, GSTP1, HMOX1, HSP90ABI,
ICAML1, IFNG, IKBKB, ILIA, IL1B, KDR,
MMP2, MMP9, NFE2L2, NOS3, PLAT,
MAPKS, RELA, SELE, THBD, TNF,

TP53, VCAM1, VEGFA

AKT1, CASP3, MAPK14, EGF, ELK1, ERBB2,
ERBB3, FOS, HGF, HSPBI, IGF2, IKBKB,
IL1A, IL1B, INSR, JUND, KDR, MYC, PRKCA,
PRKCB, MAPK1, MAPKS, RAF1, RASAL,
RELA, TGFBI1, TNF, TP53, VEGFA

AKTI, BAX, CCND1, CALM1, CASP3,
CASP8, CASP9, CDK4, MAPK14, E2F1,
E2F2, FOS, GSK3B, ICAMI, IKBKB, IL6,
CXCL8, MYC, NFKBIA, PIK3CG, MAPK1,
MAPKS, PTGS2, RAF1, RELA, STATI,
TP53, VEGFA
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TABLE 2 Continued

Pathway Gene ratio Count Genes

Human T-cell leukemia virus-1 infection 0.1363636 27 AKT1, BAX, CCNDI1, BCL2L1, CCNA2,
CDK2, CDK4, CDKN2A, CHEKI, E2FI,
E2F2, ELK1, FOS, ICAM1, IKBKB, IL2,
IL6, MYC, NFKBIA, MAPK1, MAPKS,
PTEN, RELA, TGFB1, TNF, TP53,CHEK2
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FIGURE 6
Enrichment of signaling pathways according to the KEGG database.
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FIGURE 7

Icaritin impairs the proliferation, and enhances the apoptosis, of HEC-1-A cells. (A) Proliferation curves of HEC-1-A cells were created based on the
CCK-8 assay 24h,48 h and 72h after addition of icaritin (12.5, 25, or 50 uM). (B) Colony-formation abilities of HEC-1-A cells were detected by
Giemsa staining 2 weeks after addition of icaritin (25 uM). (C) Apoptosis of HEC-1-A cells was assessed 48 h after addition of icaritin (25 uM) by PE/
annexin V/7AAD staining and flow cytometry. Images and quantitation are shown. Data are the mean + SD, unpaired Student's t-test, univariate
analysis of variance was used to compare data between groups. **p<0.01, ***p<0.001, ns p>0.05, ****p<0.0001.
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FIGURE 8

Icaritin impedes the migration of HEC-1-A cells. Migration capabilities of HEC-1-A cells 24 h after icaritin (25 uM) addition was evaluated by the
wound-healing assay. Images and quantitation are shown. Data are the mean + SD, unpaired Student's t-test. **p<0.01.

progression (23). To further verify the exact target of icaritin and
UCEC treatment, we conducted in-depth research on the PI3K-Akt
signaling pathway.

Proliferation of HEC-1-A cells was detected using the CCK-8
assay. We found that icaritin inhibited the proliferation of HEC-1-A
cells in a concentration-dependent manner. The effect of icaritin on
apoptosis was detected by flow cytometry. Icaritin treatment could
increase apoptosis, yet weaken the migration ability of cells.

Western blotting showed that protein expression of p-PI3K and
p-Akt after icaritin treatment was reduced significantly yet,
simultaneously, expression of PI3K and Akt was unchanged.

Hence, icaritin therapy could promote cell proliferation by
activating the PI3K/Akt pathway and be used to treat UCEC.
These data verified, once again, the reliability of network
pharmacology to screen key genes and signaling pathways.
Through the screening proffered by network pharmacology, we
could identify many compounds from plants or TCM formulations
to treat UCEC.

s
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FIGURE 9

Our study had two main limitations. First, we investigated
only at the cellular level in depth, which limited exploration
of the pharmacologic effects of icaritin. Second, the data from
Chinese herbal medicine-related Internet websites had limitations,
such as a small sample size and lack of information on certain
compounds (24).

Conclusions

We demonstrated that icaritin has 23 bioactive components and
135 putative targets that are therapeutically important. The anti-
tumor actions of ACOX1, ACAT1, ACADVL, and ACADM were
identified as prospective targets. Icaritin had an anti-tumor role by
participating in DNA transcription and oxidation reactions. PI3K-
Akt and MAPK were the major signaling pathways involved in
UCEC. Western blotting showed that expression of p-PI3K and Akt
were reduced significantly after icaritin intervention. Hence,

mm NC

B3 Icaritin ns
*k k% ns % %k Xk %k

p-PI3K PI3K p-Akt Akt

Compared with the NC group, the protein expression of phosphorylated phosphatidylinositol 3-kinase (p-PI3K) and phosphorylated protein kinase B
(p-Akt) in the icaritin group was reduced significantly whereas, simultaneously, expression of PI3K and Akt was unchanged. Data are the mean + SD,

unpaired Student's t-test. ****p<0.001; ns p>0.05.
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analyses of the active components of TCM formulations through
network pharmacology may open-up new ideas for the treatment
of diseases.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found below: https://old.tcmsp-e.com/
temspsearch.php?qr=Epimrdii%20Herba&qsr=herb_en_nam
e&token=71b472b8b3910154c805d916a6b60aae.

Ethics statement

None of the employed cell lines required ethics approval for
their use. Since no patients’ tissue or animals were examined, no
statement regarding the ethics approval and consent to participate
is needed.

Author contributions

Y-BJ and SB conceived the research. Y-BJ and X-CL carried out the
experiments. All authors participated in discussing and revising the
manuscript. All authors approved the final version of the manuscript.

References

1. Yang S, Zhang W, Shu Y, Ni D, Wan Z. Comparison of two suspension injection
tracers of nano activated carbon and methylene blue in mapping and tracing of sentinel
lymph nodes of patients with endometrial cancer. Pak ] Med Sci (2022) 38(6):1601-5.
doi: 10.12669/pjms.38.6.5714

2. Cheng P, Ma J, Zheng X, Zhou C, Chen X. Bioinformatic profiling identifies
prognosis-related genes in the immune microenvironment of endometrial carcinoma.
Sci Rep (2021) 11(1):12608. doi: 10.1038/s41598-021-92091-5

3. LiuJ, Ji C, Wang Y, Zhang C, Zhu H. Identification of methylation-driven genes
prognosis signature and immune microenvironment in uterus corpus endometrial
cancer. Cancer Cell Int (2021) 21(1):365. doi: 10.1186/s12935-021-02038-z

4. Dunkel P, Ilas J. Targeted cancer therapy using compounds activated by light.
Cancers (Basel) (2021) 13(13):3237. doi: 10.3390/cancers13133237

5. Guo M, Pang X, Xu Y, Jiang W, Liao B, Yu J, et al. Plastid genome data provide
new insights into the phylogeny and evolution of the genus epimedium. J Adv Res
(2022) 36:175-85. doi: 10.1016/j.jare.2021.06.020

6. Liu M, Wang B, Guo C, Hou X, Cheng Z, Chen D. Novel multifunctional triple folic
acid, biotin and CD44 targeting pH-sensitive nano-actiniaes for breast cancer combinational
therapy. Drug Deliv (2019) 26(1):1002-16. doi: 10.1080/10717544.2019.1669734

7. Tong JS, Zhang QH, Huang X, Fu XQ, Qi ST, Wang YP, et al. Icaritin causes
sustained ERK1/2 activation and induces apoptosis in human endometrial cancer cells.
PloS One (2011) 6(3):¢16781. doi: 10.1371/journal.pone.0016781

8. LiX, Xiang L, Lin Y, Tang Q, Meng F, Chen W. Computational analysis illustrates
the mechanism of qingfei paidu decoction in blocking the transition of COVID-19
patients from mild to severe stage. Curr Gene Ther (2022) 22(3):277-89. doi: 10.2174/
1566523221666210907162005

9. Cucurull-Sanchez L, Chappell MJ, Chelliah V, Amy Cheung SY, Derks G, Penney
M, et al. Best practices to maximize the use and reuse of quantitative and systems
pharmacology models: recommendations from the united kingdom quantitative and
systems pharmacology network. CPT Pharmacometrics Syst Pharmacol (2019) 8
(5):259-72. doi: 10.1002/psp4.12381

10. Szklarczyk D, Gable AL, Nastou KC, Lyon D, Kirsch R, Pyysalo S, et al. The
STRING database in 2021: customizable protein-protein networks, and functional

Frontiers in Oncology

11

10.3389/fonc.2023.1205604

Funding

This work was supported by the National Natural Science
Foundation of China (82160549) and Hainan Province Clinical
Medical Center.

Acknowledgments

We are grateful to patients who participated in this study.

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.

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.

characterization of user-uploaded gene/measurement sets. Nucleic Acids Res (2021) 49
(D1):D605-D12. doi: 10.1093/nar/gkaal074

11. Imtiyaz Z, Wang YF, Lin YT, Liu HK, Lee MH. Isolated compounds from
turpinia formosana nakai induce ossification. Int J Mol Sci (2019) 20(13):3119.
doi: 10.3390/ijms20133119

12. Zhao H, Guo Y, Li S, Han R, Ying J, Zhu H, et al. A novel anti-cancer agent
icaritin suppresses hepatocellular carcinoma initiation and malignant growth through
the IL-6/Jak2/Stat3 pathway. Oncotarget (2015) 6(31):31927-43. doi: 10.18632/
oncotarget.5578

13. Sundstrom T, Prestegarden L, Azuaje F, Aasen SN, Rosland GV, Varughese JK,
et al. Inhibition of mitochondrial respiration prevents BRAF-mutant melanoma brain
metastasis. Acta Neuropathol Commun (2019) 7(1):55. doi: 10.1186/s40478-019-0712-8

14. Chen Z, Zhang B, Gao F, Shi R. Modulation of G(2)/M cell cycle arrest and
apoptosis by luteolin in human colon cancer cells and xenografts. Oncol Lett (2018) 15
(2):1559-65. doi: 10.3892/01.2017.7475

15. Pham TND, Stempel S, Shields MA, Spaulding C, Kumar K, Bentrem D], et al.
Quercetin enhances the anti-tumor effects of BET inhibitors by suppressing hnRNPAI.
Int J Mol Sci (2019) 20(17):4293. doi: 10.3390/ijms20174293

16. Zheng FM, Chen WB, Qin T, Lv LN, Feng B, Lu YL, et al. ACOX1 destabilizes
P73 to suppress intrinsic apoptosis pathway and regulates sensitivity to doxorubicin in
lymphoma cells. BMB Rep (2019) 52(9):566-71. doi: 10.5483/BMBRep.2019.52.9.094

17. FanJ, Shan C, Kang HB, EIf S, Xie J, Tucker M, et al. Tyr phosphorylation of PDP1
toggles recruitment between ACAT1 and SIRT3 to regulate the pyruvate dehydrogenase
complex. Mol Cell (2014) 53(4):534-48. doi: 10.1016/j.molcel.2013.12.026

18. Soon PS, Libe R, Benn DE, Gill A, Shaw J, Sywak MS, et al. Loss of heterozygosity of
17p13, with possible involvement of ACADVL and ALOXI15B, in the pathogenesis of
adrenocortical tumors. Ann Surg (2008) 247(1):157-64. doi: 10.1097/SLA.0b013e318153ff55

19. YuY, Zhao L, Li R. [Medium-chain acyl-CoA dehydrogenase enhances invasion
and metastasis ability of breast cancer cells]. Nan Fang Yi Ke Da Xue Xue Bao (2019) 39
(6):650-56. doi: 10.12122/j.issn.1673-4254.2019.06.04

20. Orlicka-Plocka M, Gurda-Wozna D, Fedoruk-Wyszomirska A, Wyszko E.
Circumventing the crabtree effect: forcing oxidative phosphorylation (OXPHOS)

frontiersin.org


https://old.tcmsp-e.com/tcmspsearch.php?qr=Epimrdii%20Herba&amp;qsr=herb_en_name&amp;token=7fb472b8b3910154c805d916a6b60aae
https://old.tcmsp-e.com/tcmspsearch.php?qr=Epimrdii%20Herba&amp;qsr=herb_en_name&amp;token=7fb472b8b3910154c805d916a6b60aae
https://old.tcmsp-e.com/tcmspsearch.php?qr=Epimrdii%20Herba&amp;qsr=herb_en_name&amp;token=7fb472b8b3910154c805d916a6b60aae
https://doi.org/10.12669/pjms.38.6.5714
https://doi.org/10.1038/s41598-021-92091-5
https://doi.org/10.1186/s12935-021-02038-z
https://doi.org/10.3390/cancers13133237
https://doi.org/10.1016/j.jare.2021.06.020
https://doi.org/10.1080/10717544.2019.1669734
https://doi.org/10.1371/journal.pone.0016781
https://doi.org/10.2174/1566523221666210907162005
https://doi.org/10.2174/1566523221666210907162005
https://doi.org/10.1002/psp4.12381
https://doi.org/10.1093/nar/gkaa1074
https://doi.org/10.3390/ijms20133119
https://doi.org/10.18632/oncotarget.5578
https://doi.org/10.18632/oncotarget.5578
https://doi.org/10.1186/s40478-019-0712-8
https://doi.org/10.3892/ol.2017.7475
https://doi.org/10.3390/ijms20174293
https://doi.org/10.5483/BMBRep.2019.52.9.094
https://doi.org/10.1016/j.molcel.2013.12.026
https://doi.org/10.1097/SLA.0b013e318153ff55
https://doi.org/10.12122/j.issn.1673-4254.2019.06.04
https://doi.org/10.3389/fonc.2023.1205604
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Jin et al.

via galactose medium increases sensitivity of HepG2 cells to the purine derivative
kinetin riboside. Apoptosis (2020) 25(11-12):835-52. doi: 10.1007/s10495-020-
01637-x

21. Zhou C, Li C, Yan F, Zheng Y. Identification of an immune gene signature for
predicting the prognosis of patients with uterine corpus endometrial carcinoma. Cancer
Cell Int (2020) 20(1):541. doi: 10.1186/s12935-020-01560-w

22. Kesavan SK, Bhat S, Golegaonkar SB, Jagadeeshaprasad MG, Deshmukh AB,
Patil HS, et al. Proteome wide reduction in AGE modification in streptozotocin induced

Frontiers in Oncology

12

10.3389/fonc.2023.1205604

diabetic mice by hydralazine mediated transglycation. Sci Rep (2013) 3:2941.
doi: 10.1038/srep02941

23. Shen L, Liu M, Liu W, Cui J, Li C. Bioinformatics analysis of RNA sequencing
data reveals multiple key genes in uterine corpus endometrial carcinoma. Oncol Lett
(2018) 15(1):205-12. doi: 10.3892/01.2017.7346

24. Zhang R, Zhu X, Bai H, Ning K. Network pharmacology databases for
traditional Chinese medicine: review and assessment. Front Pharmacol (2019)
10:123. doi: 10.3389/fphar.2019.00123

frontiersin.org


https://doi.org/10.1007/s10495-020-01637-x
https://doi.org/10.1007/s10495-020-01637-x
https://doi.org/10.1186/s12935-020-01560-w
https://doi.org/10.1038/srep02941
https://doi.org/10.3892/ol.2017.7346
https://doi.org/10.3389/fphar.2019.00123
https://doi.org/10.3389/fonc.2023.1205604
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Mechanism of action of icaritin on uterine corpus endometrial carcinoma based on network pharmacology and experimental evaluation
	Introduction
	Materials and methods
	Bioactive ingredients of icaritin
	Products of icaritin genes are activated
	Collection of disease targets
	Building of a C–G–D network
	Analyses of a PPI network
	Enrichment analyses
	Preparation of icaritin
	Culture and treatment of cells
	Cell-proliferation assays
	Colony-formation assay
	Wound-healing assay
	Detection of apoptosis
	Western blotting
	Statistical analyses

	Results
	Active compounds present in icaritin
	Probable targets of icaritin for UCEC therapy
	Icaritin&minus;related network
	PPI network
	Analysis of functional enrichment using the GO database
	Enrichment of signaling pathways according to the KEGG database
	Icaritin impairs the proliferation of HEC-1-A cells and enhances apoptosis
	Icaritin impedes the migration of HEC-1-A cells
	Icaritin promotes cell proliferation by activating the PI3K/Akt pathway

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	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


