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Abstract
Background and Objectives  Pharmacological control against ovarian serous cystadenocarcinoma has received increasing 
attention. The purpose of this study was to investigate multi-drug treatments as synergetic therapy for ovarian serous cys-
tadenocarcinoma and to explore their mechanisms of action by the network pharmacology method.
Methods  Genes acting on ovarian serous cystadenocarcinoma were first collected from GEPIA and DisGeNET. Gene Ontol-
ogy annotation, Kyoto Encyclopedia of Genes and Genomes pathway, Reactome pathway, and Disease Ontology analyses 
were then conducted. A connectivity map analysis was employed to identify compounds as treatment options for ovarian 
serous cystadenocarcinoma. Targets of these compounds were obtained from the Search Tool for Interacting Chemicals 
(STITCH). The intersections between the ovarian serous cystadenocarcinoma-related genes and the compound targets were 
identified. Finally, the Kyoto Encyclopedia of Genes and Genomes and Reactome pathways in which the overlapped genes 
participated were selected, and a correspondence compound-target pathway network was constructed.
Results  A total of 541 ovarian serous cystadenocarcinoma-related genes were identified. The functional enrichment and 
pathway analyses indicated that these genes were associated with critical tumor-related pathways. Based on the connectivity 
map analysis, five compounds (resveratrol, MG-132, puromycin, 15-delta prostaglandin J2, and valproic acid) were deter-
mined as treatment agents for ovarian serous cystadenocarcinoma. Next, 48 targets of the five compounds were collected. 
Following mapping of the 48 targets to the 541 ovarian serous cystadenocarcinoma-related genes, we identified six targets 
(PTGS1, FOS, HMOX1, CASP9, PPARG, and ABCB1) as therapeutic targets for ovarian serous cystadenocarcinoma by 
the five compounds. By analysis of the compound-target pathway network, we found the synergistic anti-ovarian serous 
cystadenocarcinoma potential and the underlying mechanisms of action of the five compounds.
Conclusion  In summary, latent drugs against ovarian serous cystadenocarcinoma were acquired and their target actions 
and pathways were determined by the network pharmacology strategy, which provides a new prospect for medicamentous 
therapy for ovarian serous cystadenocarcinoma. However, further in-depth studies are indispensable to increase the validity 
of this study.

1  Introduction

Although ovarian cancer accounts for only 2.5% of new 
tumor cases in women, it causes 5% of associated deaths as 
a result of the absence of symptomatology in its early phase, 
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its easy recurrence, and its metastasis in the advanced stage. 
It ranks as the fifth leading cause of cancer-related mortal-
ity [1, 2]. The most common subtype of ovarian carcinoma, 
ovarian serous cystadenocarcinoma (OSC), constitutes 
60–80% of ovarian epithelial neoplasms [3, 4]. Most patients 
are already in an advanced stage when diagnosed with OSC 
as a result of the lack of symptoms in the early stage [5], 
which leads to a heavy tumor burden [6]. Because of its low 
surgical resection rate and easy recurrence and metastasis, 
patients with advanced OSC usually have very poor survival 
outcomes [7]. Effective adjuvant medical treatment could 
control the disease for 5 years or more [8]. However, most 
cases relapse within 18 months and develop chemoresist-
ance, which hampers further therapy [8]. Thus, developing 
a novel and efficacious medicamentous therapy strategy is a 
necessary and urgent task for the treatment of OSC.

Network pharmacology, first described by Hopkins [9], 
has been widely utilized in the exploration of new drugs and 
the re-purposing of existing drugs because of its systematic 

and integral perspective [10]. Network pharmacology has 
advantages in unraveling the underlying mechanisms of 
complex formulas based on a transformation in the develop-
ment pattern from the contemporary “one target, one drug” 
mode to an advanced “multi-target, multi-component” mode 
[11]. In recent years, increasing attention has been paid to 
the application of the network pharmacology methodology 
to discover effective medications that can be used for disease 
therapy and to explore mechanisms of drug action [12–14].

In this study, we employed the network pharmacol-
ogy method to investigate multi-drug treatments to assist 
in the therapy for OSC and to explore their mechanisms 
of action. The workflow of the study is shown in Fig. 1 
as follows. First, we obtained genes acting on OSC from 
GEPIA and DisGeNET. Next, we conducted Gene Ontol-
ogy (GO) annotation, Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway, Reactome pathway, and Dis-
ease Ontology (DO) analyses based on these genes to elu-
cidate the potential pathogenesis of OSC. Subsequently, 

Fig. 1   Flowchart of the study. DO Disease Ontology, GO Gene Ontology, KEGG Kyoto Encyclopedia of Genes and Genomes, OSC ovarian 
serous cystadenocarcinoma, STITCH  Search Tool for Interacting Chemicals
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a connectivity map (CMap) approach was adopted to 
determine possible anti-OSC drugs. The targets of these 
agents were obtained from the Search Tool for Interact-
ing Chemicals (STITCH). The intersections between the 
OSC-related genes and the drug targets were identified. 
Finally, the KEGG and Reactome pathways in which the 
overlapped genes participated were selected, and a cor-
respondence compound-target pathway network was con-
structed and analyzed.

2 � Materials and Methods

2.1 � Collection of Ovarian Serous 
Cystadenocarcinoma (OSC)‑Related Genes

With filter conditions of |log2(fold change)| ≥ 1.5 and an 
adjusted p value of < 0.05, differentially expressed genes 
in OSC were obtained from GEPIA (http://gepia​.cance​
r-pku.cn/), an online interactive website for analysis of 
RNA-sequencing data of 9736 cancer and 8587 non-cancer 
samples from the Cancer Genome Atlas (TCGA) and Geno-
type-Tissue Expression (GTEx) projects [15]. Additionally, 
genes involved in OSC were collected from DisGeNET 
(http://www.disge​net.org/web/DisGe​NET/menu;jsess​ionid​
=1mito​f7oob​jzml4​89rog​rsth), a web server providing genes 
and variants associated with various diseases [16]. The over-
lapped genes in both datasets mentioned above were deter-
mined as target genes acting on OSC.

2.2 � Functional Enrichment Analysis of OSC‑Related 
Genes

Gene Ontology functional annotation, KEGG pathway, 
and DO analyses were performed by clusterProfiler, an R 
package used for enrichment analysis of gene clusters [17]. 
Reactome pathway enrichment analysis was carried out by 
Reactome FI, a plugin of Cytoscape for pathway and net-
work analysis [18].

2.3 � Connectivity Map (CMap) Analysis

Ovarian serous cystadenocarcinoma-related genes with two 
cohorts of up- and down-regulated genes were imported 
into CMap (https​://porta​ls.broad​insti​tute.org/cmap/) [19] 
and were compared with over 7000 gene-expression profiles 
following treatment by 1309 active compounds in human 
cell lines. A connectivity score from − 1 to 1 was used to 
assess the similarity between our query genes and CMap sig-
natures. A positive score indicates an inducement effect of a 
compound on the query signatures. A negative score reflects 
a repression effect of a compound on the query signatures. 
In this study, compounds with a connective score of < − 0.9 
were adopted as possible drugs for therapy for OSC.

2.4 � Collection of Drug Targets

STITCH (http://stitc​h.embl.de/), a database of protein-chem-
ical interaction networks [20], was applied to acquire drug 
targets. Subsequently, a disease-compound-target network 
was established by Cytoscape 3.6.1 software [21].

Fig. 2   Collection of genes acting on ovarian serous cystadenocarcinoma (OSC). a Volcano plot of differentially expressed genes in OSC based 
on data from GEPIA. The volcano plot was generated by R package ggplot2. b Venn diagram of overlapping genes from GEPIA and DisGeNET

http://gepia.cancer-pku.cn/
http://gepia.cancer-pku.cn/
http://www.disgenet.org/web/DisGeNET/menu%3bjsessionid%3d1mitof7oobjzml489rogrsth
http://www.disgenet.org/web/DisGeNET/menu%3bjsessionid%3d1mitof7oobjzml489rogrsth
https://portals.broadinstitute.org/cmap/
http://stitch.embl.de/
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2.5 � Compound‑Target Pathway Network 
Establishment

An intersection between the chemical targets and OSC-
associated genes was processed. The KEGG pathways and 

Reactome pathways that the resulting genes were involved 
in were respectively retrieved to build the compound-target-
KEGG network and compound-target-Reactome network 
with Cytoscape 3.6.1.

Fig. 3   Bar chart for expression of the 541 genes acting on ovarian serous cystadenocarcinoma (OSC) based on data from GEPIA. a Expression 
patterns of the 279 up-regulated genes in OSC. b Expression patterns of the 262 down-regulated genes in OSC
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Fig. 4   Top ten Gene Ontology (GO) enrichment annotations of the 
541 genes related to ovarian serous cystadenocarcinoma. The GO 
analysis was conducted by R package clusterProfiler and visualized 
by R package GOplot. The cluster plot shows a circular dendrogram 
of the clustering of the 541 genes. The inner ring indicates the color-

coded log2(fold change); the outer ring represents the assigned bio-
logical process [BP] (a), cellular component [CC] (c), and molecular 
function [MF] (e) terms. The cohort plot displays the 541 genes cor-
related via ribbons with their assigned BP (b), CC (d), and MF (f) 
terms
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3 � Results

3.1 � Collection of 541 Genes Acting on OSC 
from GEPIA and DisGeNET

A total of 4237 differentially expressed genes, including 
1502 up-regulated genes and 2735 down-regulated genes, 
were collected from GEPIA, an online tool providing a com-
parison between 426 OSC samples and 88 normal ovarian 

specimens (Fig. 2a). Additionally, 2113 genes involved in 
OSC were collected from the DisGeNET database. After 
determination of the intersections between the 4237 differ-
entially expressed genes and the 2113 genes corresponding 
with OSC, 541 candidate genes, including 279 up-regulated 
and 262 down-regulated genes acting on OSC, were ulti-
mately identified (Fig. 2b). The expression patterns of the 
541 genes are shown in Fig. 3.

Fig. 5   Kyoto Encyclopedia of 
Genes and Genomes (KEGG) 
pathway analysis of the 541 
genes related to ovarian serous 
cystadenocarcinoma. The 
KEGG analysis was conducted 
by R package clusterProfiler 
and visualized by R pack-
age ggplot2. a Significantly 
enriched KEGG pathways 
(adjusted p value < 0.05). b Top 
15 enriched KEGG pathways
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3.2 � Functional Enrichment and Pathway Analyses 
of the 541 OSC‑Related Genes

A GO enrichment analysis was conducted to illustrate the 
functional annotations of the 541 genes, and the top ten 
enriched biological processes, cellular components, and 
molecular functions are exhibited in Fig. 4. According to 
our results, the highly enriched biological processes were 
“positive regulation of cell motility”, “positive regulation 
of cell migration”, and “angiogenesis.” The highly enriched 
cellular components were “proteinaceous extracellular 
matrix”, “extracellular matrix component”, and “receptor 

Fig. 6   Reactome pathways 
and Disease Ontology (DO) 
analyses. The Reactome-
pathway analysis was conducted 
by Reactome FI, a plugin of 
Cytoscape. The DO analysis 
was conducted by R package 
clusterProfiler. Both the most 
enriched Reactome pathways 
and DO terms were visualized 
by R package ggplot2. a Top 20 
enriched Reactome pathways. b 
Top 20 enriched DO terms

Table 1   Five compounds identified as treatment options for ovarian 
serous cystadenocarcinoma based on connectivity map (CMap) anal-
ysis

Rank Compound Dose (µM) Cell Minimum 
connective 
score

6100 Resveratrol 50 MCF7 − 1
6099 MG-132 21 MCF7 − 0.998
6098 Puromycin 7 PC3 − 0.938
6097 15-delta prostaglandin J2 10 HL60 − 0.931
6096 Valproic acid 200 HL60 − 0.916
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complex.” The highly enriched molecular functions were 
“cytokine-receptor binding”, “growth-factor binding”, and 
“transmembrane receptor protein kinase activity.”

A KEGG pathway analysis was performed to explore 
the potential pathogenic mechanisms of these genes in the 
onset and progression of OSC. In total, 86 pathways were 
enriched by the 541 genes with an adjusted p-value of < 0.05 
[Table S1 of the Electronic Supplementary Material (ESM)]. 
We found that these genes were closely related to cancer-
associated pathways, such as the “p53 signaling pathway”, 
“PI3K-Akt signaling pathway”, “MAPK signaling pathway”, 
“cell cycle”, and “apoptosis” (Fig. 5). To further delineate 
the metabolic pathways in which these OSC-related genes 
participate, we then executed Reactome pathway analysis. 
With a false-discovery rate of < 0.05, a total of 75 pathways 
were identified (Table S2 of the ESM). The top 20 enriched 
pathways are illustrated in Fig. 6a.

Simultaneously, we also employed DO analysis, which 
provides disease-related annotations to genes, to investigate 

which diseases these genes were associated with and to 
explore diseases that may share similar pathogenesis with 
OSC. According to our results, these genes were also related 
to non-small-cell lung carcinoma, musculoskeletal-system 
cancer, renal-cell carcinoma, and breast carcinoma, in addi-
tion to being linked with ovarian malignant tumors (Fig. 6b).

3.3 � Identification of Five Compounds as Treatment 
Options for OSC Based on the CMap Analysis

The CMap method was employed to screen drugs that could 
be used to treat OSC, and a total of five active compounds 
(resveratrol, MG-132, puromycin, 15-delta prostaglandin J2, 
and valproic acid) with connectivity scores of < − 0.9 were 
ultimately identified (Table 1). The chemical structures of 
the five compounds were obtained from PubChem [22] and 
are displayed in Fig. 7. 

Fig. 7   Chemical structures of 
the five compounds. a Resvera-
trol. b MG-132. c Puromycin. 
d 15-Delta prostaglandin J2. e 
Valproic acid

Table 2   Targets of the five compounds from Search Tool for Interacting Chemicals (STITCH)

Compound Target

Resveratrol TP53, SIRT1, PPARG, ESR1, NOS3, SIRT5, PTGS2, PTGS1,SIRT3, AKT1
MG-132 PSMB5, PSMB1, PSMB2, PSMB3, PSMA5, PSMB4, PSMA6, PSMA1, PSMA2, PSMA3
Puromycin FOS, RPL8, RPL23A, KLK4, RPL15, RPL3, RPL13A, RPL11, RPL23, RBM3
15-delta prostaglandin J2 PPARG, TRPA1, PPARA, CASP9, PTGS2, PTGDR2, HMOX1, IL8, ADIPOQ, TLR2
Valproic acid CYP2A6, ABAT, ABCB1, CYP2C9, GSK3B, SMN1, CYP2B6, RELN, BDNF, TSPO
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3.4 � Identification of Targets for the Treatment 
of OSC by the Five Compounds

A total of 48 targets of the five compounds were collected 
from STITCH (Table 2), and an OSC-compound-target net-
work with 53 nodes and 55 edges was constructed (Fig. 8). 
We then mapped the 48 targets to the 541 OSC-related 
genes to obtain common genes that may be targets for the 
treatment of OSC by these five compounds. Altogether, 
six genes (PTGS1, FOS, HMOX1, CASP9, PPARG, and 
ABCB1) were obtained (Table 3; Fig. 9). The expression 
levels of the six genes are shown in Fig. 10 with data from 
the GEPIA. Among the six genes, PPARG was a com-
mon target of resveratrol and 15-delta prostaglandin J2; 
PTGS1 was the target of resveratrol; FOS was the target 
of puromycin; both HMOX1 and CASP9 were the targets 
of 15-delta prostaglandin J2; and ABCB1 was the target 
of valproic acid. The relationships between the six genes 
and overall survival and disease-free survival in patients 
with OSC were explored using data from GEPIA. None of 
the six genes were prognostic biomarkers for patients with 
OSC (Fig. 11).     

3.5 � Construction and Analysis 
of the Compound‑Target Pathway Network

To further elucidate the underlying pharmacological 
action of these candidate compounds for the treatment of 
OSC, we selected the KEGG and Reactome pathways in 
which the six genes participate to construct compound-
target KEGG pathway and compound-target Reactome 
pathway networks (Table 3, Figs.  12, 13). According 
to our results, no related KEGG or Reactome pathway 
was found for gene PTGS1. Gene FOS was involved in 
19 KEGG pathways and six Reactome pathways. Gene 
HMOX1 was involved in four KEGG pathways and 
three Reactome pathways. Gene CASP9 participated in 
20 KEGG pathways and 13 Reactome pathways. Gene 
PPARG participated in two KEGG pathways and one 
Reactome pathway. Gene ABCB1 was related to only two 
KEGG pathways. 

Fig. 8   Ovarian serous cystade-
nocarcinoma-compound-target 
network. The network was con-
structed by Cytoscape 3.6.1
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Table 3   Kyoto Encyclopedia of Genes and Genomes (KEGG) and Reactome pathways in which the six drug targets participate

EGFR epidermal growth factor receptor, HIF-1 hypoxia-inducible factor 1, HTLV-I human T-cell lymphotropic virus type 1, IL interleukin, 
MAPK mitogen-activated protein kinase, NGF nerve growth factor, PDGF platelet-derived growth factor, Th1 T helper 1, Th2 T helper 2, Th17 
T helper 17, TNF tumor necrosis factor

Gene symbol Compound KEGG pathway Reactome pathway

PTGS1 Resveratrol
FOS Puromycin Fluid shear stress and atherosclerosis IL-4 and IL-13 signaling

MAPK signaling pathway Signaling by ILs
HTLV-I infection Cytokine signaling in immune system
Hepatitis B Cellular senescence
Kaposi’s sarcoma-associated herpesvirus infec-

tion
Generic transcription pathway

Apoptosis Transcriptional regulation by TP53
Endocrine resistance
Breast cancer
Rheumatoid arthritis
TNF signaling pathway
Prolactin signaling pathway
Toll-like receptor signaling pathway
Colorectal cancer
Chagas disease (American trypanosomiasis)
Th1 and Th2 cell differentiation
IL-17 signaling pathway
Leishmaniasis
Th17 cell differentiation
Choline metabolism in cancer

HMOX1 15-delta prostaglandin J2 HIF-1 signaling pathway IL-4 and IL-13 signaling
MicroRNAs in cancer Signaling by ILs
Fluid shear stress and atherosclerosis Cytokine signaling in immune system
Hepatocellular carcinoma

CASP9 15-delta prostaglandin J2 Pancreatic cancer Signaling by SCF-KIT
Non-small-cell lung cancer PI3 K/AKT activation
Apoptosis, multiple species PIP3 activates AKT signaling
Influenza A Signaling by PDGF
Viral myocarditis GAB1 signalosome
Tuberculosis Downstream signal transduction
Small-cell lung cancer Intrinsic pathway for apoptosis
Colorectal cancer DAP12 signaling
Thyroid hormone-signaling pathway Signaling by EGFR
Amyotrophic lateral sclerosis DAP12 interactions
Legionellosis NGF signaling via TRKA from the plasma 

membrane
Toxoplasmosis Downstream signaling events of B-cell receptor
Endometrial cancer Signaling by NGF
p53 signaling pathway
PI3K-Akt signaling pathway
Prostate cancer
Platinum drug resistance
Hepatitis B
Kaposi’s–sarcoma-associated herpesvirus infec-

tion
Apoptosis

PPARG​ 15-delta prostaglandin J2, resveratrol Transcriptional misregulation in cancer Generic transcription pathway
Thyroid cancer

Valproic acid Gastric cancer
MicroRNAs in cancer
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4 � Discussion

Network pharmacology, a systematic strategy based on the 
“multi-component, multi-target” model, has been exploited 
to decipher the interactions between drugs and human bod-
ies in a holistic manner [9]. Increasing study has focused on 
the application of network pharmacology in drug discovery 
owing to its advantages in interpreting drug efficacy, toxic-
ity, and metabolic properties [23–25].

In this study, we employed the network pharmacology 
method, concentrating on the exploration of effective drugs 
and druggable targets for the treatment of OSC. First, 541 
genes acting on OSC were collected from GEPIA and Dis-
GeNET. Functional enrichment and pathway analyses on 
the 541 genes were then conducted. The GO annotations 
showed that these genes were mainly enriched in an extra-
cellular matrix, participating in the binding and activation 
of several cell receptors as well as in the subsequent trig-
gering of certain signaling cascades. The KEGG pathway 
analysis is generally utilized for understanding the patho-
genic mechanisms of various diseases at the molecular level 
[26]. In this study, following analysis of the KEGG pathway, 
we found that the OSC-related genes were closely associ-
ated with certain critical tumor-related pathways, such as 
the “p53 signaling pathway”, “MAPK signaling pathway”, 
“cell cycle”, and “apoptosis.” These findings indicate that 
the occurrence and development of OSC involve multiple 

pathways and multiple targets, which provide support for 
multi-drug therapy for OSC.

Increasing study has demonstrated that abnormalities of 
the immune system and changes in the immune environ-
ment contribute to cancer onset and progression [27–29]. 
However, the elucidation of the interaction between immune 
imbalance and OSC is still limited. In this study, the results 
of the Reactome pathway analysis showed that the genes act-
ing on OSC were highly enriched in immune-related path-
ways, such as “Interleukin-4 and 13 signaling”, “signaling 
by interleukins”, and “cytokine signaling in the immune sys-
tem”, revealing the intimate relationship between OSC and 
immune dysregulation. These findings provide not only an 
immunological view for interpreting the occurrence of OSC 
but also evidence for immunotherapy for OSC.

It is well known that a similar pathogenesis may exist in 
different diseases [30–32]. Study of the shared molecular 
mechanism is conducive to gaining insight into diverse dis-
eases in an integral manner. Our results from the DO analy-
sis showed that the 541 OSC-related genes were also linked 
with other malignant tumors, such as breast carcinoma, uri-
nary-system cancer, pancreatic cancer, non-small-cell lung 
carcinoma, germ-cell cancer, and embryonal cancer, sug-
gesting an inner similarity between OSC and these non-OSC 
cancers and suggesting a pan-cancerous treatment strategy 
for malignancies with the same pathogenic mechanism. Fur-
ther studies are necessary to validate these findings.

CMap, founded in 2006, is a database containing over 
7000 genome-wide transcriptional expression signatures 
from cultured human cells treated with 1309 compounds 
[33]. Unraveling the connections among gene expressions, 
diseases, and compounds [34], it is widely used for explor-
ing potential novel drugs in various diseases [35–37]. In 
the present study, we implemented a CMap analysis to 
acquire drugs with therapeutic potential for OSC. A total 
of five active compounds (resveratrol, MG-132, puromycin, 
15-delta prostaglandin J2, and valproic acid) were identified. 
Resveratrol is a phytoalexin derived from grapes and other 
food products with antioxidant and potential chemopreven-
tive activities. Animal studies have reported that resveratrol 
may serve as an effective agent for cancer therapy in various 
malignancies, including OSC [38–40]. However, because 
of its poor bioavailability [41], clinical research on its anti-
tumor effect in patients with OSC is still limited. Popat et al. 
[42] revealed that resveratrol (5 g/day) resulted in adverse 
events (nausea, diarrhea, fatigue, and renal toxicity) in a 
phase II clinical trial involving patients with relapsed or 
refractory multiple myeloma. Further in vivo and clinical 
experiments are needed to optimize the bioavailability of 
resveratrol and verify its anti-tumor effect in patients with 
OSC.

Fig. 9   Venn diagrams for the intersections between genes acting on 
ovarian serous cystadenocarcinoma (OSC) and compound targets. 
The intersections between the 541 OSC-related genes and the 48 
compound targets from the Search Tool for Interacting Chemicals 
(STITCH) were identified as targets for the treatment of OSC by the 
five compounds (resveratrol, MG-132, puromycin, 15-delta prosta-
glandin J2, and valproic acid)
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15-Delta prostaglandin J2 is a natural, peroxisome prolif-
erator-activated receptor gamma ligand. Study of the inhibi-
tory effect of 15-delta prostaglandin J2 on tumors, includ-
ing OSC, is currently limited. Only one study conducted by 
de Jong et al. [43] showed that 15-delta prostaglandin J2 
induced apoptosis and inhibited migration of wild-type and 
doxorubicin-resistant ovarian cancer cells. Further animal 
and human studies are needed to corroborate the therapeutic 
application of 15-delta prostaglandin J2 and its potential side 
effects in patients with OSC.

Valproic acid is a fatty acid with anti-neoplastic and anti-
angiogenesis potential. It is documented that valproic acid 
as a single agent inhibits tumor growth in animal models 
[44, 45]. It is also reported that co-treatment of valproic 

acid with classic anti-neoplastic drugs exerts synergistic 
effects, which have a broad-spectrum therapeutic applica-
tion in cancer therapy [46]. Falchook et al. [47] included 32 
cancer patients, of whom ten were diagnosed with ovarian 
carcinoma. All of the patients received co-administration 
of azacitidine, valproic acid, and carboplatin. The authors 
found that three patients with platinum-resistant ovarian 
cancer achieved stable disease for a longer duration on 
the clinical trial than on each patient’s pre-treatment. One 
patient achieved a 26% decrease in tumor size. The authors 
also observed some drug side effects (fatigue, neutropenia, 
anemia, thrombocytopenia, nausea, drowsiness, and altered 
mental status) during the clinical trial. In the present study, 
we explored the possibility of combining valproic acid with 

Fig. 10   Expression of genes PTGS1, FOS, HMOX1, CASP9, PPARG, and ABCB1 in patients with ovarian serous cystadenocarcinoma: a 
PTGS1, b FOS, c HMOX1, d CASP9, e PPARG, and f ABCB1. N normal, T tumor; *p < 0.05
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Fig. 11   Prognostic significance of genes PTGS1, FOS, HMOX1, 
CASP9, PPARG, and ABCB1 in patients with ovarian serous cystad-
enocarcinoma (OSC). Relationships between PTGS1 (a), FOS (b), 
HMOX1 (c), CASP9 (d), PPARG (e), and ABCB1 (f) expression and 

overall survival in patients with OSC. Relationships between PTGS1 
(g), FOS (h), HMOX1 (i), CASP9 (j), PPARG (k), and ABCB1 (l) 
expression and disease-free survival in patients with OSC. HR hazard 
ratio
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the other four compounds (resveratrol, MG-132, puromy-
cin, and 15-delta prostaglandin J2) in the treatment of OSC. 
However, further in vitro, in vivo, and clinical studies are 
necessary to confirm these findings.

Puromycin is a protein-synthesis inhibitor and antimetab-
olite. Previous studies have reported its therapeutic applica-
tion in breast cancer [48]. We know that both OSC and breast 
cancer are female reproductive-system tumors and that they 
may share similar genetic alterations, and our result from 
the DO analysis corroborates the similar pathogenesis of 
these two types of cancer. We thus speculate that puromycin 
may also act as a disincentive in OSC. Further experimental 

validation is needed. MG-132, a proteasome inhibitor, has 
been reported to have the ability to sensitize tumor cells 
to chemotherapy [49, 50]. Lu et al. [51] demonstrated that 
MG132 and suberoylanilide hydroxamic acid in vivo and 
in vitro synergistically suppressed gastric tumor growth. Its 
role in enhancing the chemosensitivity of cancer cells has 
also been observed in ovarian carcinoma [52]. However, the 
synergistic anti-tumor effects of combining MG-132 with 
the other four compounds (resveratrol, puromycin, 15-delta 
prostaglandin J2, and valproic acid) still need to be further 
studied with rigorous experiments.

Fig. 12   Compound-target-
Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway 
network. The network was gen-
erated by Cytoscape 3.6.1

Fig. 13   Compound-target-
Reactome pathway network. 
The network was generated by 
Cytoscape 3.6.1
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To probe the pharmacological mechanism of the five 
compounds in OSC, we collected their targets from STITCH 
and subsequently integrated those pharmacological tar-
gets and the 541 OSC-related genes. Finally, six targets 
(PTGS1, FOS, HMOX1, CASP9, PPARG, and ABCB1) for 
the treatment of OSC by the five compounds were identi-
fied. Previous studies have reported that these genes could 
serve as therapeutic targets of anti-tumor agents. PTGS1, 
as a member of the cyclooxygenases, is inhibited by non-
steroidal anti-inflammatory drugs such as aspirin, E-2-des-
methylsulindac sulfides, isoxazole, triazole, benzamides, 
centaureidin, and bergenin [53]. Treatment of Herceptin® 
in breast cancer cells increases FOS expression, indicating 
that FOS may be a target of Herceptin® for cancer therapy 
[54]. The compound imidazole-dioxolane specifically inhib-
its the expression of HMOX1 in cancer therapy, but further 
experimental verification is needed [55]. Co-administration 
of ceranib-2 and carboplatin increases the expression of 
CASP9 in lung cancer cells [56], suggesting its potential as 
a target of ceranib-2 and carboplatin. However, for PPARG 
and ABCB1, few studies report their roles as targets of anti-
cancer agents.

We mapped the six target genes to the KEGG and Reac-
tome pathways to determine pathways in which the six genes 
participate. A network with a multi-compound, multi-target, 
and multi-pathway model was then constructed. We can see 
that multiple targets participated in the same pathway. For 
example, both genes FOS (target of puromycin) and CASP 
9 (target of 15-delta prostaglandin J2) were related to apop-
tosis, indicating that puromycin and 15-delta prostaglandin 
J2 could exert synergistic anti-tumor effects by jointly regu-
lating the apoptotic pathway. More interestingly, we found 
that both FOS (target of puromycin) and HOMX1 (target 
of 15-delta prostaglandin J2) were closely concerned with 
three immune-related pathways (interleukin-4 and interleu-
kin-13 signaling, signaling by interleukins, and cytokine 
signaling in the immune system). These findings provide an 
immunological angle for the treatment of OSC by puromy-
cin and 15-delta prostaglandin J2. Additionally, we found 
that the compounds resveratrol and 15-delta prostaglandin 
J2 together target one gene, PPARG, a member of the peroxi-
some proliferator-activated receptor family. This gene has 
been demonstrated to be correlated with several cancers, 
including OSC [57]. We hypothesize that resveratrol and 
15-delta prostaglandin J2 may restrain the progression of 
OSC by co-targeting PPARG. More thorough studies are 
required to verify these findings.

5 � Conclusion

We not only deciphered the pathogenesis of OSC in this 
study but also, by employing the network pharmacology 
strategy, identified multiple drugs that could be used for the 
treatment of OSC. Furthermore, we explored the anti-cancer 
mechanisms of these compounds in OSC from the perspec-
tive of a multi-compound, multi-target, and multi-pathway 
approach, which is conducive to tapping their potential for 
synergistic anti-tumor treatment. Further in-depth studies 
are indispensable to validate these findings.
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