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Identification of modules
 and hub genes
associated with platinum-based chemotherapy
resistance and treatment response in ovarian
cancer by weighted gene co-expression network
analysis
Luoyan Zhang, MD, PhDa, Xuejie Zhang, MD, PhDa, Shoujin Fan, MD, PhDa, Zhen Zhang, PhDb,∗

Abstract
High-grade serous ovarian carcinoma (HGSOC) is the most prevalent and malignant ovarian tumor.
To identify co-expression modules and hub genes correlated with platinum-based chemotherapy resistant and sensitive HGSOC,

we performed weighted gene co-expression network analysis (WGCNA) on microarray data of HGSOC with 12 resistant samples
and 16 sensitive samples of GSE51373 dataset.
A total of 5122 genes were included in WGCNA, and 16 modules were identified. Module-trait analysis identified that the module

salmon (cor=0.50), magenta (cor=0.49), and black (cor=0.45) were discovered associated with chemotherapy resistant, and the
significance for these platinum-resistant modules were validated in the GSE63885 dataset. Given that the black module was
validated to be the most related one, hub genes of this module, alcohol dehydrogenase 1B, cadherin 11, and vestigial like family
member 3were revealed to be expressional related with platinum resistance, and could serve as prognostic markers for ovarian
cancer.
Our analysis might provide insight for molecular mechanisms of platinum-based chemotherapy resistance and treatment response

in ovarian cancer.

Abbreviations: DEGs = differentially expressed genes, EOC = epithelial ovarian cancer, GO = gene ontology, HGSOC = high-
grade serous ovarian cancer, OV = ovarian cancer, PFS = progression-free survival, WGCNA = weighted gene co-expression
network analysis.
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1. Introduction

Ovarian cancer (OV) is one of the commonest gynecologic
malignancies, which causes many deaths each year. Epithelial
ovarian cancer (EOC) comprises more than 85% OV, and could
be further classified into 5 categories, including clear cell,
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mucinous, endometrioid, low-grade, and high-grade serous
ovarian carcinoma (HGSOC).[1,2] HGSOC accounts for nearly
70% of EOC,[3,4] and is always diagnosed at advanced stages,
which makes HGSOC the most prevalent and malignant ovarian
carcinoma. Conventionally, EOCs will be treated with cytor-
eductive surgery followed by chemotherapy, such as platinum
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and taxane. However, in contrast to the 4 other types of EOCs,
which exhibit low degree of response to the mentioned therapy,
patients with HGSOC initially respond well to the treatment, but
subsequently recur and become chemoresistant at high propor-
tion.[5,6] And the outcomes of HGSOC are poor, with 5-year
survival being less than 30%.[3] The progression of resistance
seriously restrained the efficacy of platinum-based chemothera-
py. It is crucial to reveal the underlying mechanisms of platinum
resistance and uncover novel therapeutic strategies to improve
treatment outcomes of patients with HGSOC.
HGSOC is thought to be a complicated trait determined by a

series of mutations occurring in thousands of cancer-associated
genes.[1,2,4,7,8] However, mechanistically these genes do not all
contribute in the same way to HGSOC progression. Tran-
scriptomic sequencing technology, such as microarray and
RNA_seq, is an effective choice for detecting potential partic-
ipants of complicated traits on a genome-wide scale in animals,
fungus, plants, and microorganisms.[9–21] Thousands of analyses
about cancers,[16,17,22–24] immune systems,[25–32] and genetic
diseases[8,33–38] in model animals have been widely conducted
using sequencing technologies. The integrations of genes’ spatio-
temporal expression patterns and HGSOC related traits have
helped to identify the potential genes and controlling machineries
of ovarian carcinomas.[39–41] The accumulation of these data
provides us great resource to investigate the underlyingmolecular
mechanisms, pathways, and networks of disease including
HGSOC.
Gene co-expression networks based on sequencing data

facilitate a global view of gene-gene co-expressed relation-
ships.[42,43] Genes involved in related biological processes (BPs)
tend to be co-expressed and clustered as functional modules
which can help to discover how the interplay between inter-
connected genes accomplish specific biological functions.[35,42,44–
48] Weighted gene co-expression network analysis (WGCNA) is
an efficient method widely used in systematic biological analysis,
which explores co-expression modules in correlation with traits
or phenotypes based on gene expression data.[49] By depicting
relevant genes in the samples, disclosing the highly correlated
genes in the module, summarizing such clusters using the module
eigengene or an intramodular hub gene, and relating modules to
the external sample traits, WGCNA can discover the genes for
unknown function with BPs and identify candidate biomarkers or
therapeutic targets.[50–54]

In this study, we performed WGCNA based on data from
microarray of chemotherapy resistant and sensitive HGSOC to
identify critical co-expression modules and calculated the
module-trait relationship, functionally annotated the trait
related modules, and determined hub genes related with
chemotherapy resistance and sensitivity, which might provide
new insights for exploring the underlying molecular mechanisms
of HGSOC.
2. Materials and methods

2.1. Data collection

The gene chip GSE51373[40] (https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE51373) and GSE63885[55] (https://www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE63885) of chemo-
therapy resistance and treatment response in OV with its clinical
manifestation data were downloaded from the gene expression
omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/).
2

The platform was GPL570 (Affymetrix Human Genome U133
Plus 2.0) for both datasets. In this study, the GSE51373 was used
to establish the WGCNA co-expression network, and the
GSE63885 served as the validation dataset. There are 12 samples
from the resistant cohort, and 16 samples from the sensitive
cohort of GSE51373. For the validation dataset of GSE63885,
there are 34 samples and 41 samples for platinum-resistance and
sensitive cohorts, respectively. The raw data had been processed,
and the gene expression matrix provided by the website was
directly used for the analysis. The annotation information for
microarray analysis was downloaded at the platform GPL570.
The ENTREZ gene ID was used for network construction. The
probe mapped to multiple ENTREZ gene IDs were omitted, and
the median of expression values of probes assigned to 1 gene ID
was used to represent the expression of this gene. Microarray
data were normalized to the mean or median of each array, as
described in the original papers.[40] More than 20,000 genes were
entered into the BRB-ArrayTools (https://linus.nci.nih.gov/BRB-
ArrayTools/) for filtering: genes with the top 25% variance of
expression values among samples were used for further analysis.
2.2. WGCNA analysis of the filtered genes

TheWGCNA package in R (Version 3.3.2) was used to construct
a co-expression network for the filtered genes.[49] After sample
clustering, scale independence, and mean connectivity analysis of
modules with different power values were performed to
determine the soft threshold of module analysis. The power
value was set from 1 to 20, and then the values of scale
independence and mean connectivity were generated according
to these power values. The power value was determined when the
scale independence value was 0.9. A hierarchical clustering
dendrogram of the TOM matrix was constructed by the average
distance with a minimum size threshold of 30 and the merge cut
height of 0.25 to classify the similar genes expression profiles into
different gene modules. A cluster dendrogram among modules
and an eigengene adjacency heatmap between modules were
generated. The co-expression networks were visualized using
Cytoscope 2.8.2. The betweenness of modules were calculated by
igraph package in R.
2.3. Module-trait analysis based on patients’ varying
sensitivity to first-line chemotherapy

Information on the platinum-based chemotherapy for treatment
of serous EOC of 28 patients, was collected from the original
study to identify significant co-expression modules related with
the clinical characteristics (as trait). All 28 patients had advanced
stage, HGSOC, and were treated with the same standard
platinum-based chemotherapy. Twelve patient tumors demon-
strating relative resistance to platinum chemotherapy corre-
sponding to shorter progression-free survival (PFS) (<8 months)
were compared to 16 tumors from platinum-sensitive patients
(PFS >18 months). Module-trait relationships were calculated
according to the correlation betweenmodules and traits; modules
that were significantly correlated with individual traits (P-value
<.05, module size <500) were identified; and genes in significant
modules were then exported for further analysis. The differen-
tially expressed genes (DEGs) identified in GSE51373 between
resistance to platinum samples and platinum-sensitive samples
were screened by using limma package in R with the cutoff of
P-value <.05.

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE51373
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE51373
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE63885
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE63885
https://www.ncbi.nlm.nih.gov/geo/
https://linus.nci.nih.gov/BRB-ArrayTools/
https://linus.nci.nih.gov/BRB-ArrayTools/
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2.4. Functional enrichment analysis of significant
co-expression modules

The functional verified OV marker genes were referenced from
the study published by Zhang.[56] The package TopGO of R
3.3.2[57] was used in enrichment analysis for gene ontology (GO)
of the studied genes, including OV marker genes and the gene
members of each module. The GO functional annotations file of
Homo sapiens was downloaded from GO database (submission
date: May, 2018, http://geneontology.org/gene-associations/
goa_human_rna.gaf.gz). The DAVID database (https://david.
ncifcrf.gov/) was used for gene information retrieving, gene ID
conversion and gene function annotation. Pathways with a P-
value <.05 were considered as significant pathways.
2.5. Validating key modules

The modulePreservation function of WGCNA package in R was
used to calculate the preservation Zsummary of each module in
the GSE63885 dataset to determine if a module was reproducible.
The Experimental design for GSE63885 was similar with that of
GSE51373, and the gene expressional microarray data of
GSE63885 was retrieved from GEO dataset, which is consisted
of 34 platinum-resistant and 41 platinum-sensitive surgical
OV samples. When the Zsummary of the certain module was
approaching 10 or even higher, and median rank was relatively
low, the module was considered to be preserved.
2.6. Kaplan–Meier survival analysis

The prognostic value of the hub genes was assessed by relapse-
free survival analysis. Log-rank tests were performed and
Kaplan–Meier survival curves were plotted based on the online
software Kaplan–Meier plotter which integrates several other
independent data sets (http://kmplot.com/analysis/index.php?p=
service&cancer=ovar). In these analyses, P< .05 was considered
statistically significant.
3. Results

3.1. WGCNA co-expression network construction

By selecting genes with the threshold of the top 25% variance of
expression values, a total of 5122 genes were included in
WGCNA. By sample clustering, no outliers were observed in 28
samples, thus all samples were included in the analysis. Then the
soft threshold was determined by scale independence and mean
connectivity analysis of modules with different power values
ranging from 1 to 20. In our study, power = 3 was set to
guarantee high scale independence (near 0.9) and low mean
connectivity (near 0) (Fig. 1A). The mergeCutHeight was set as
0.25, and a total of 16 modules were generated and displayed
with different colors (Fig. 1B). Of the 16modules, 1297 and 1115
genes were assigned to grey and turquoise module, blue and brow
module included 475 and 447 genes, 51 genes were grouped to
salmon module (Fig. 1B; Supplementary Table 1, http://links.
lww.com/MD/D323).

3.2. Module-trait relationship calculation

The chemotherapy (resistant or sensitive) result of samples was
collected as a trait, andmodule-trait relationships were calculated
according to the correlation between 16 modules and traits. The
3

module trait relationship is shown in Figure 2A. The salmon
(cor=0.50, P-value=7.00E-03), magenta (cor=0.49, P-value=
8.00E-03), and black (cor=0.45, P-value=2.00E-02) module
were discovered associated with chemotherapy resistant (Fig. 2A
and Table 1), whereas brown (cor=0.23) and green (cor=0.22)
module shew weakly related with chemotherapy sensitive with
the P-value >.05 (Fig. 2A and Table 1). The eigengene adjacency
heatmap is shown in Figure 2B, which indicates that the salmon,
magenta and black module were adjacent and the brown, green
and yellow module clustered.

3.3. Function annotation of the trait related modules

The results of the GO analysis of the chemotherapy resistant
related modules (salmon, magenta, and black) and potential
chemotherapy sensitive related modules (brown and green) were
shown in Table 1 and Supplementary Table 2, http://links.lww.
com/MD/D324. The BP GO terms enriched by OV marker genes
were used as OV related GO terms. For the salmon module, we
identified 120 GO terms, including OV related terms “positive
regulation of phosphatidylinositol 3-kinase (PI3K) activity”
(GO:0043552), “positive regulation of phospholipase C activity”
(GO:0010863), and “somatic stem cell population maintenance”
(GO:0035019). A total of 158 terms were annotated in resistant
module magenta, including OV related terms “branching
involved in ureteric bud morphogenesis” (GO:0001658), “palate
development” (GO:0060021), and “positive regulation of bone
mineralization” (GO:0030501). For the sensitive related green
module, we identified 201 GO terms, including OV related
“embryonic skeletal system morphogenesis” (GO:0048704),
“type I interferon signaling pathway” (GO:0060337), and
“anterior/posterior pattern specification” (GO:0009952).
3.4. Validation for preservation of the modules

To evaluate whether the platinum-resistance related modules,
especially salmon, magenta, and black modules are robust and
reproducible across datasets, the modulePreservation function
was applied to validate the preservation of all modules in the
GSE63885 dataset. The results showed that for the black module
and magenta module, the Zsummary were more than 10 and the
preservation median rank were below 5, and they were
considered to be highly preserved in GSE63885. Whereas for
salmon module with its Zsummary score of 5.9 and preservation
median rank score of 6, was revealed to be relatively less
preserved (Fig. 3A and B).

3.5. Identification of OV related hub genes in
chemotherapy resistant/sensitive modules

The edges signifying the correlations in the 3 chemotherapy
resistant related modules and 2 sensitive modules were ranked by
the weight value and the top 5% edge were used for screening OV
related hub genes. The co-expression relations of OV marker
genes and DEGs were obtained from the top 5% edges, and a
total of 17/45 (nodes/edges), 47/156, 77/186, 69/335, and 45/63
were obtained from the salmon, magenta, black, brown, and
green module (Fig. 4; Supplementary Fig. 1, http://links.lww.
com/MD/D322). The degree of the filtered edges was calculated,
and genes with top degree values were identified as OV related
hub genes in each module and shown in Table 2. For resistant
module salmon, KIT proto-oncogene receptor tyrosine kinase

http://geneontology.org/gene-associations/goa_human_rna.gaf.gz
http://geneontology.org/gene-associations/goa_human_rna.gaf.gz
https://david.ncifcrf.gov/
https://david.ncifcrf.gov/
http://kmplot.com/analysis/index.php?p=service&x0026;er=ovar
http://kmplot.com/analysis/index.php?p=service&x0026;er=ovar
http://links.lww.com/MD/D323
http://links.lww.com/MD/D323
http://links.lww.com/MD/D324
http://links.lww.com/MD/D324
http://links.lww.com/MD/D322
http://links.lww.com/MD/D322
http://www.md-journal.com


Figure 1. Construction of a weighted gene co-expression network. (A) Scale independence and mean connectivity analysis. (B) Cluster dendrogram among
modules.
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(KIT) and tumor growth related fibroblast growth factor 2
(FGF2) co-expressed with 18 OV genes or DEGs, separately
(Fig. 4A and B). Aldehyde dehydrogenase 1 family member A1
(ALDH1A1), aldehyde oxidase 1 (AOX1), and adenylate cyclase
8 (ADCY8) are the most important hub genes in the module of
magenta (Fig. 4C and D). Alcohol dehydrogenase 1B (ADH1B),
cancer blood-based biomarker calbindin 2, and a tumor
suppressor caveolin 1 were screened as hubs in resistant module
black (Fig. 4E and F). In chemotherapy sensitive module brown,
biomarker for diagnosis of OV acid phosphatase, prostate
(ACPP) and alkaline phosphatase, germ cell (ALPG) was filtered
as hubs (Supplementary Fig. 1A and B, http://links.lww.com/MD/
4

D322). For green module, annexin A4 was revealed to be hub
gene (Supplementary Fig. 1C and D, http://links.lww.com/MD/
D322).

3.6. ADH1B, cadherin 11, and vestigial like family member
3are differentially expression and their prognostic roles for
OV were validated in TCGA database

Because the black module was validated by GSE63885 dataset to
be the most correlated module with platinum resistance, we
checked the expression and prognostic roles of the hub genes to
support with clues for further analysis in the aspect of platinum

http://links.lww.com/MD/D322
http://links.lww.com/MD/D322
http://links.lww.com/MD/D322
http://links.lww.com/MD/D322


Figure 2. Association between modules and platinum-resistance and sensitivity in ovarian cancer. (A) Module-trait relationships. The darker the module color, the
more significant their relationship. (B) Eigengene adjacency heatmap between modules.
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resistance or sensitivity for OV cases. We found that the enriched
hubs of ADH1B, cadherin 11 (CDH11), and vestigial like family
member 3 (VGLL3) were representative for platinum resistant
ones. First, we separated the OV patients into platinum resistant
and sensitive cases and comparedADH1B,CDH11, andVGLL3
expression in 2 groups. We found all 3 genes got higher
expression in platinum resistant patients compared with that of
5

platinum sensitive ones (Fig. 5A, C, E). Then, to discover the
prognostic roles of these genes, the overall survival data revealed
that the prognosis of patient with higher expression of ADH1B,
CDH11, and VGLL3 is poorer (Fig. 5B, D, F). Besides, several
hub genes were also screened to be related with prognosis for
patients with OV, including KIT and AQP5 for salmon and
brown modules. KIT was revealed to be expressed with higher

http://www.md-journal.com


Table 1

Module-trait relation and gene function enrichment information of genes in resistant or sensitive related modules.

Trait Module
Module-trait
relation P-value GO ID GO term P-value

Resistant Salmon 0.5 7.00E-03 GO:0043552 Positive regulation of phosphatidylinositol 3-kinase activity 1.40E-03
GO:0010863 Positive regulation of phospholipase C activity 2.20E-03
GO:0035019 Somatic stem cell population maintenance 5.20E-03

Magenta 0.49 8.00E-03 GO:0001658 Branching involved in ureteric bud morphogenesis 4.10E-03
GO:0060021 Palate development 7.36E-03
GO:0030501 Positive regulation of bone mineralization 1.51E-02

Black 0.45 2.00E-02 GO:0030198 Extracellular matrix organization 2.70E-10
GO:0001501 Skeletal system development 5.90E-06
GO:0007155 Cell adhesion 2.50E-05

Sensitive Brown 0.23 2.00E-01
∗

GO:0071276 Cellular response to cadmium ion 2.70E-06
GO:0044849 Estrous cycle 1.45E-03
GO:0043312 Neutrophil degranulation 3.09E-03

Green 0.22 3.00E-01
∗

GO:0048704 Embryonic skeletal system morphogenesis 1.20E-10
GO:0060337 Type I interferon signaling pathway 4.20E-10
GO:0009952 Anterior/posterior pattern specification 1.80E-08

GO=gene ontology.
∗
Represent the P-value >.05.
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levels in platinum-resistant compared with platinum-sensitive
patients, and higher expression of KIT correspond to poorer
survival (Supplementary Fig. 2A and B, http://links.lww.com/
MD/D322). Whereas, AQP5 represents the hubs of modules that
correlated with platinum-sensitivity. Although AQP5 showed no
differences in expression between platinum resistant and sensitive
patients, it is still meaningful for predicting patient survival after
chemotherapy (Supplementary Fig. 2C and D, http://links.lww.
com/MD/D322).
Figure 3. Preservation of modules. (A) The medianRank preservation statistics
corresponding color and names. Low value of numbers on the y-axis indicate hig
modules are labeled as in (A). The dashed blue and green lines indicate the thresho
values over 10 provides strong evidence of module preservation.

6

4. Discussion
Approximately 80% of women with advanced OV, especially
HGSOC will have tumor progression, or more commonly a
recurrence, which is largely due to the emergence of chemother-
apy resistance.[58] Despite more than 10 years of array-based
genomic and gene expressional profiling, no distinguishable
signature of drug response has been identified for OVs.[59] So, it is
urgent and obligatory to understand the underlying mechanisms
and discover the novel molecular targets of drug resistance for
of the modules. Each module was represented by a point, labeled with the
h preservation. (B) The Zsummary preservation statistics of the modules. The
lds. Values over 2 of Zsummary represent moderately preserved modules, and

http://links.lww.com/MD/D322
http://links.lww.com/MD/D322
http://links.lww.com/MD/D322
http://links.lww.com/MD/D322


Figure 4. The co-expression relations of OV marker genes and DEGs were obtained from the top 5% edges in chemotherapy resistant modules. (A) The co-
expression network of the significant genes in the salmon module. It has 17 nodes and 45 edges. The triangle nodes indicate the OV marker genes and the blue
shape indicate DEGs upregulated in resistant samples. (B) The heatmap of 15 DEGs in chemotherapy resistant and sensitive samples in salmon module. A red
color indicates that the gene is highly expressed in resistant patients. (C) The co-expression network of the significant genes in the magenta module. (D)
The heatmap of 39 DEGs in chemotherapy resistant and sensitive samples in magenta module. (E) The co-expression network of the significant genes in
the black module. (F) The heatmap of 48 DEGs in chemotherapy resistant and sensitive samples in black module. DEGs = differently expressed genes, OV =
ovarian cancer.

Zhang et al. Medicine (2019) 98:44 www.md-journal.com
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Table 2

Information of hub genes co-expressed with OV marker genes in resistant or sensitive related modules (ranked by degree).

Trait Module Gene Gene name Degree
logFC

(sensitive-resistant) OV marker

Resistant Salmon 3815 KIT 18 �1.538 M
2247 FGF2 18 �1.582 M
2561 GABRB2 18 �1.546
27147 DENND2A 3 �1.538
285382 C3orf70 3 �1.146

Magenta 316 AOX1 49 �1.098
216 ALDH1A1 49 �0.569 M
114 ADCY8 48 �1.794
668 FOXL2 26 �1.840 M
139221 MUM1L1 4 �2.182

Black 125 ADH1B 76 �1.188 M
794 CALB2 46 �1.061 M
857 CAV1 40 �0.931 M
1009 CDH11 30 �1.127
389136 VGLL3 4 �1.525 M

Sensitive Brown 55 ACPP 74 0.370 M
251 ALPPL2 64 0.176 M
319 APOF 48 1.218
362 AQP5 44 0.848 M
684 BST2 38 0.718 M

Green 307 ANXA4 45 �0.290 M
1381 CRABP1 20 0.777 M
91543 RSAD2 2 0.937 M
81030 ZBP1 2 1.485
54809 SAMD9 2 1.172

OV= ovarian cancer.
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HGSOC relief. At the genomic level, researchers have found that
gene breakage, which commonly inactivated the tumor suppres-
sors RB1 (transcriptional corepressor 1), neurofibromin 1,
RAD51B (RAD51 paralog B), and phosphatase and tensin
homolog would contribute to acquired chemotherapy resis-
tance.[60] Also, a couple of molecular events, including “multiple
independent reversions of germline BRCA1 (DNA repair
associated) or BRCA2 (DNA repair associated) mutations in
individual patients,” “loss of BRCA1 promoter methylation,”
and “recurrent promoter fusion associated with overexpression
of the drug efflux pump MDR1 (ATP binding cassette subfamily
B member 1)” showed close relationship with acquired
resistance.[60] However, at the gene expression level, it remains
for us to explore the marker genes, which might serve as
therapeutic targets to surpass drug resistance. Therefore, in this
study, we attempted to identify both chemotherapy resistant and
sensitive genes of OV using WGCNA. By constructing a
WGCNA co-expression network, we calculated the module-trait
relationship, functionally annotated the trait related modules,
and determined hub genes related with chemotherapy resistance
and sensitivity. Finally, ADH1B, CDH11, VGLL3 for black
module (Fig. 5A–F) and KIT for salmon module (Supplementary
Fig. 2A and B, http://links.lww.com/MD/D322) were found to be
over-expressed in chemotherapy resistant samples. Besides, these
4 upregulated genes in platinum-resistance patients together with
AQP5 (Supplementary Fig. 2C and D, http://links.lww.com/MD/
D322), a hub gene representative for platinum-sensitive
responses, were verified to be prognostic biomarkers for OV
patients by survival analysis in TCGA (The Cancer Genome
Atlas) database.
For functional annotation analysis, “positive regulation of

PI3K activity”was top enriched BPs in the salmonmodule, which
8

indicates that the signaling pathway play important roles in
platinum resistance. PI3Ks mediated pathway is a complex
network, which coordinates signaling from a series of tyrosine
kinase receptors,[61] including epidermal growth factor receptor,
vascular endothelial growth factor receptor, and fibroblast
growth factor receptor to activate cellular growth and survival.
PI3K proteins are composed of a catalytic p110 subunit
(PIK3CA) and a regulatory subunit p85 (PIK3R) that mediates
receptor binding.[62] The direct binding to phosphotyrosine of
such receptors leads to the allosteric activation of the catalytic
subunit of PI3K and subsequently yield of the second messenger
PIP3 from phosphatidylinositol 4,5-bisphosphate (PIP2).[63] As a
result, PI3K complex is plasma membrane localized and activates
pyruvate dehydrogenase kinase 1 and AKT (serine/threonine
kinase 1) proteins, which ultimately control crucial cellular
survival and metabolic processes.[64] The PI3K pathway has been
identified as one of the most frequently altered pathway in OV,
and the activation of PI3K pathway confer chemotherapy
resistance via an extended cell survival.[65] PIK3CA amplification
was reported to associate with platinum-based chemotherapy on
a large set of patients with primary OVs, and the presence of the
driving amplification may predict resistance of chemotherapy for
OV patients.[66] Besides, in vitro analysis proved that over-
expression of AKT converted platinum-sensitive OV cell line into
platinum resistant cells, and downregulation of AKT reverse
platinum resistance.[67] Therefore, blockade of the PI3K pathway
makes tumor cell vulnerable to platinum, and combinatorial
chemotherapy in multiple human xenograft models.[68]

For OV and other complicated traits, like diseases and
immunodeficiency in animals and abiotic stress response in
plants, a series of physical and biochemical mechanisms were
recruited by organisms to respond to the damages caused by

http://links.lww.com/MD/D322
http://links.lww.com/MD/D322
http://links.lww.com/MD/D322


Figure 5. Expressional changes in platinum-resistant ovarian cancer samples and prognostic roles for ADH1B, CDH11, and VGLL3. (A) The expression of
chemotherapy resistant hub gene ADH1B in platinum-resistant and sensitive samples of GSE51373. (B) Survival plot of the significant hub gene ADH1B by Kaplan–
Meier test. The data was extracted from the TCGAwebsite. The Kaplan–Meier test P-value<.05. (C) The expression of chemotherapy resistant hub geneCDH11 in
platinum-resistant and sensitive samples of GSE51373. (D) Survival plot of the significant hub gene CDH11 by Kaplan–Meier test. The data was extracted from the
TCGA website. The Kaplan–Meier test P-value<.05. (E) The expression of chemotherapy resistant hub gene VGLL3 in platinum-resistant and sensitive samples of
GSE51373. (F) Survival plot of the significant hub gene VGLL3 by Kaplan–Meier test. The data was extracted from the TCGA website. The Kaplan–Meier test P-
value <.05. ADH1B = alcohol dehydrogenase 1B, CDH11= cadherin 11, VGLL3 = vestigial like family member 3.

Zhang et al. Medicine (2019) 98:44 www.md-journal.com

9

http://www.md-journal.com


Zhang et al. Medicine (2019) 98:44 Medicine
genes’ mutations, such as signal transduction, tissue/organ
tolerance, macromolecular compound synthesis, membrane
structure conversion, and biochemistry homeostasis adjust-
ment.[16,19,69–84] Cancer genes could be divided into 2 categories
based on their functional characters.[85] The “caretakers,” which
participate in fundamental functions that support genome stability
and mutations in “caretakers” promote tumor via increasing the
chances that mutations will hit some genes.[85] The other is
“gatekeepers,” which involve in cellular signaling and regulating
processes[7,85,86] and mutations promote tumor progression
directly by changing cell differentiation. However, both “gate-
keepers” and “caretakers” genes can possibly influence the
convergence and/or divergence of complex traits.[87,88] In the
regulating network of drug resistance for HGSOC, the hub genes
were speculated as “gatekeepers” and are related to influencing
cooperation among cells (oncogenes) or to prevent the expansion
of cheater cells (tumor suppressor genes).[87,88]

For hub gene analysis, which co-expressed with marker genes
of OV, several genes were revealed to be of potential importance
in platinum resistance and sensitivity listed in Table 2. For the
black module of platinum resistance, 3 of the top-ranked hub
genes including alcohol dehydrogenase 1B (class I), beta
polypeptide (ADH1B) (Fig. 5A and B), CDH11 (Fig. 5C and
D), and VGLL3 (Fig. 5E and F) were revealed to be dysregulated
in platinum-resistant patients with OV. ADH1B encodes an
essential enzyme in alcohol metabolism, which leads to variations
in the amount of production of acetaldehyde between individua-
ls.[89] Consistent with our results of upregulation of ADH1B in
chemoresistant patients, the mRNA expression of ADH1B was
significantly increased when patients were treated with chemo-
therapies,[90] which implied that ADH1B might closely related
with drug resistance in OV. And it is also reported that high
expression of ADH1B was associated with significantly higher
risk of residual disease in HGSOC and correlated with promoted
metastasis and proliferation of HGSOC.[91]CDH11 encodes
CDH11, a mesenchymal cadherin, found to be upregulated in
metastatic lesions and associated with advanced stage and nodal
involvement of OV.[92,93] Although there is no evidence for
CDH11 participation in platinum-resistance for OV, it has been
reported to mediate paclitaxel resistance in lung, skin, and liver
cancers.[94]VGLL3 encodes a putative transcription co-factor,
which was reported to be under-expressed in malignant ovarian
tumors compared with benign samples, and might serve as a
tumor suppressor gene.[95] However, in our study, the gene was
found to be upregulated in platinum-resistant patients with OV.
So it is still worthy of studying the roles for VGLL3 in
chemoresistance and illustrating its therapeutic potential in OV.
Gamma-aminobutyric acid type A receptor beta2 subunit

(GABRB2) and DENN domain containing 2A (DENND2A)
were identified as hub genes co-expressed with OV marker genes
KIT and FGF2 in the salmon module. KIT gene encodes the
human homolog of the proto-oncogene c-kit. C-kit protein is a
type 3 transmembrane receptor for MGF (mast cell growth
factor), its mutations are associated with diverse types of tumors,
and is also expressed inOV cells.[96] Consistent with our results, a
clinical study has proved that c-kit positive cases were less
responsive to chemotherapy than c-kit negative cases of OV,[97]

and prognosis of patients exhibiting c-kit expression is usually
poorer, which is also validated by using TCGA databa-
se.[98]FGF2 gene encoded protein is a member of the fibroblast
growth factor (FGF) family, which always bind to heparin and
has angiogenic activity.[99] Although, FGF2 has not been proved
10
to be functional in platinum resistance, it has been pointed out
that FGF2/PI3K/AKT autocrine loop is required for tumor
protection upon bevacizumab treatment for OV by endothelial
cells, which makes FGF2 a potential therapeutic target for
bevacizumab resistant OV.[100] For the other 2 hub genes
GABRB2 and DENND2A, there is relatively few literatures
about their relevance with cancer, or even platinum resistance,
but our result may provide insight for functional study in OV
chemotherapy resistance.
For magenta module, top 5 enriched hub genes, include

ALDH1A1, FOXL2 (forkhead box L2), AOX1, ADCY8, and
MUM1L1 (PWWP domain containing 3B). ALDH1A1 and
FOXL2 are OV marker genes. Cancer stem cell is one of critical
factors contributing to chemo-resistance, which is quiescent and
not eliminated by chemotherapy.[101] ALDH activity is revealed
to be increased in cells grown as sphere versus monolayer cultures
under differentiating conditions and in OV cells after treatment
with platinum. Knockdown and inhibition of ALDH1A1 by its
inhibitor CM37 could both reduce OV proliferation as sphere,
expression of stemness markers, and delayed tumor initiation
capacity in vivo.[102] Mutation of FOXL2 (402C->G) is present
in 97% of adult granulosa cell tumors ovary,[103] and its role in
chemo-resistance remains to be explored. The functions of hub
gene encoded proteins, AOX1, ADCY8, andMUM1L1 have not
been well demonstrated yet, and their potential impact on chemo-
resistance is still worthy of study.
For platinum sensitivity analysis, the brown module contains 5

important hub genes with 4 reported marker genes of OV (ACPP,
ALPPL2, AQP5, and BST2) and 1 suspected functional gene
(apolipoprotein F [APOF]) in platinum response sensitivity.
ACPP (prostatic acid phosphatase) is a glycoprotein, which gets
high expression in epithelial cells of ovarian carcinoma.[104]

ALPPL2 (alkaline phosphatase, germ cell) protein is a membrane
bound glycosylated enzyme, present in testis, thymus and certain
germ cell tumors. It has been reported that increased level of
serum alkaline phosphatase might serve as an early diagnosis of
OV.[105] AQP5 belongs to a family of transmembrane channel,
and higher expression showed better overall survival in OV
patients,[106] which is consistent with our data explored in TCGA
database that AQP5 correlated with better overall survival for
OV cases. BST2 (bone marrow stromal cell antigen 2) known as a
tetherin, is associated with lipid rafts and involved in the growth
and development of B-cells.[107] But the expression of BST2 was
downregulated in cisplatin resistant OV cell lines, which predict a
chemosensitive role of BST2 for OV patients.[108] APOF protein
forms complex with lipoproteins and may be functional in
cholesterol transportation.[109] Although, little is known about
the linkage between APOF and OV, it is enriched with 4 marker
genes in the platinum sensitive module and deserve deep research
for its conceivable roles in OV.
Although we identified modules and hub genes platinum-based

chemotherapy resistance and treatment response in OV through
bioinformatics methods, we did not conduct experimental test for
any of these selected genes, which was a limitation of this study.
Functional analysis is necessary to further study the functions
of these genes in platinum-based chemotherapy resistant and
sensitive HGSOC regulation.
5. Conclusions

In this study, we performed WGCNA by using gene expressional
data of platinum treated OV patients to identify both
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chemotherapy resistant and sensitive genes for OV. By
constructing a WGCNA co-expression network, the module-
trait relationship, functionally annotated the trait related
modules were calculated, and hub genes in relation with
chemotherapy resistance and sensitivity were determined. 16
modules with different colors were generated, of which, 51 genes
were grouped to salmon module, 1297 and 1115 genes were
assigned to grey and turquoise module, blue and brow module
included 475 and 447 genes. “positive regulation of PI3K
activity” (GO:0043552) may be important signaling pathway in
OV platinum resistance. ADH1B, CDH11, VGLL3, and KIT
were revealed to be expressional related with platinum resistance,
and could serve as prognostic markers for OV. And the potential
roles for other genes in OV for platinum resistance or sensitivity,
including FGF2, GABRB2, DENND2A, AOX1, ALDH1A1,
ADCY8, FOXL2, MUM1L1, ACPP, ALPPL2, AQP5, APOF,
and BST2, remain worthy of exploration.
Author contributions

Conceptualization: Luoyan Zhang, Xuejie Zhang, Zhen Zhang.
Data curation: Luoyan Zhang, Xuejie Zhang, Zhen Zhang.
Formal analysis: Luoyan Zhang, Xuejie Zhang, Shoujin Fan.
Funding acquisition: Luoyan Zhang, Zhen Zhang.
Writing – original draft: Luoyan Zhang.
Writing – review and editing: Zhen Zhang.
References

[1] Stratton MR, Campbell PJ, Futreal PA. The cancer genome. Nature
2009;458:719.

[2] Wild CP. International agency for research on cancer. Encyclopedia
Toxicol 2014;133:1067–9.

[3] Cooke SL. Evolution of platinum resistance in high-grade serous
ovarian cancer. Lancet Oncol 2011;12:1169–74.

[4] Freimund AE, Beach JA, Christie EL, et al. Mechanisms of drug
resistance in high-grade serous ovarian cancer. Hematol Oncol Clin
North Am 2018;32:983–96.

[5] Kroeger PTJr, Drapkin R. Pathogenesis and heterogeneity of ovarian
cancer. Curr Opin Obstet Gyn 2017;29:26–34.

[6] Bowtell DD, Bohm S, Ahmed AA, et al. Rethinking ovarian cancer II:
reducing mortality from high-grade serous ovarian cancer. Nat Rev
Cancer 2015;15:668–79.

[7] Deberardinis RJ, Lum JJ, Hatzivassiliou G, et al. The biology of cancer:
metabolic reprogramming fuels cell growth and proliferation. Cell
Metab 2008;7:11–20.

[8] Xie W, Zhou J. Aberrant regulation of autophagy in mammalian
diseases. Biol Lett 2018;14:

[9] Yuan F, LyuMJA, Leng BY, et al. Comparative transcriptome analysis
of developmental stages of the Limonium bicolor leaf generates
insights into salt gland differentiation. Plant Cell Environ 2015;38:
1637–57.

[10] Li YY, Ma XL, Zhao JL, et al. Developmental genetic mechanisms of
C-4 Syndrome Based on transcriptome analysis of C-3 cotyledons and
C-4 assimilating shoots in Haloxylon ammodendron. Plos One
2015;10: e0117175.

[11] Liu F, Yang Y, Gao J, et al. A comparative transcriptome analysis of a
wild purple potato and its red mutant provides insight into the
mechanism of anthocyanin transformation. Plos One 2018;13:
e0191406.

[12] Yang S, Li L, Zhang JL, et al. Transcriptome and differential
expression profiling analysis of the mechanism of Ca2+ regulation in
peanut (Arachis hypogaea) pod development. Front Plant Sci
2017;8:1069.

[13] Liu F, Jin Z, Wang Y, et al. Plastid genome of Dictyopteris divaricata
(Dictyotales, Phaeopyceae): understanding the evolution of plastid
genomes in Brown Algae. Mar Biotechnol 2017;19:627–37.
11
[14] Yuan F, Lyu MJA, Leng BY, et al. The transcriptome of NaCl-treated
Limonium bicolor leaves reveals the genes controlling salt secretion of
salt gland. Plant Mol Biol 2016;91:241–56.

[15] Li H, Zhang FM, Guo HY, et al. Molecular characterization of
hepcidin gene in common carp (Cyprinus carpio L.) and its expression
pattern responding to bacterial challenge. Fish Shellfish Immun
2013;35:1030–8.

[16] Rapberger R, Perco P, Sax C, et al. Linking the ovarian cancer
transcriptome and immunome. Bmc Syst Biol 2008;2:2.

[17] Mosig RA, Lin L, Senturk E, et al. Application of RNA-Seq
transcriptome analysis: CD151 is an invasion/migration target in all
stages of epithelial ovarian cancer. J Ovarian Res 2012;5:4.

[18] Shan SJ, Liu DZ, Wang L, et al. Identification and expression analysis
of irak1 gene in common carp Cyprinus carpio L.: indications for a role
of antibacterial and antiviral immunity. J Fish Biol 2015;87:241–55.

[19] Shan SJ, Qi CC, Zhu YY, et al. Expression profile of carp IFN correlate
with the up-regulation of interferon regulatory factor-1 (IRF-1) in vivo
and in vitro: the pivotal molecules in antiviral defense. Fish Shellfish
Immun 2016;52:94–102.

[20] Sun GJ, Pan J, Liu KC, et al. Molecular cloning and expression analysis
of P-selectin glycoprotein ligand-1 from zebrafish (Danio rerio). Fish
Physiol Biochem 2012;38:555–64.

[21] Zhang F, Wang XJ, Huang YH, et al. Differential expression of
hemolymph proteins between susceptible and insecticide-resistant
Blattella germanica (Blattodea: Blattellidae). Environ Entomol 2014;
43:1117–23.

[22] Maher CA, Kumarsinha C, Cao X, et al. Transcriptome sequencing to
detect gene fusions in cancer. Nature 2009;458:97–101.

[23] Hoshida Y, Nijman SMB, Kobayashi M, et al. Integrative Tran-
scriptome analysis reveals common molecular subclasses of human
hepatocellular carcinoma. Cancer Res 2009;69:7385–92.

[24] Li Y, St JohnMA, Zhou X, et al. Salivary transcriptome diagnostics for
oral cancer detection. Clin Cancer Res 2004;10:8442–50.

[25] Ding NZ, Qi QR, Gu XW, et al. De novo synthesis of sphingolipids is
essential for decidualization in mice. Theriogenology 2018;106:
227–36.

[26] Li H, Yang GW, Ma F, et al. Molecular characterization of a fish-
specific toll-like receptor 22 (TLR22) gene from common carp
(Cyprinus carpio L.): Evolutionary relationship and induced expres-
sion upon immune stimulants. Fish Shellfish Immun 2017;63:74–86.

[27] Li T, Li H, Peng SQ, et al. Molecular characterization and expression
pattern of X box-binding protein-1 (XBP1) in common carp (Cyprinus
carpio L.): Indications for a role of XBP1 in antibacterial and antiviral
immunity. Fish Shellfish Immun 2017;67:667–74.

[28] Rombout J, Yang GW, Kiron V. Adaptive immune responses at
mucosal surfaces of teleost fish. Fish Shellfish Immun 2014;40:634–43.

[29] Shan SJ, Liu DZ, Liu RR, et al. Non-mammalian Toll-like receptor 18
(Tlr18) recognizes bacterial pathogens in common carp (Cyprinus
carpio L.): indications for a role of participation in the NF-kappa B
signaling pathway. Fish Shellfish Immunol 2018;72:187–98.

[30] Yang GW, Guo HY, Li H, et al. Molecular characterization of LEAP-2
cDNA in common carp (Cyprinus carpio L.) and the differential
expression upon a Vibrio anguillarum stimulus; indications for a
significant immune role in skin. Fish Shellfish Immun 2014;37:22–9.

[31] Yang HT, Zou SS, Zhai LJ, et al. Pathogen invasion changes the
intestinal microbiota composition and induces innate immune
responses in the zebrafish intestine. Fish Shellfish Immun 2017;
71:35–42.

[32] Zhang FM, Liu DZ, Wang L, et al. Characterization of IgM-binding
protein: A pIgR-like molecule expressed by intestinal epithelial cells in
the common carp (Cyprinus carpio L.). Vet Immunol Immunop
2015;167:30–5.

[33] Hou PL, Wang HM, Zhao GM, et al. Rapid detection of infectious
bovine Rhinotracheitis virus using recombinase polymerase amplifica-
tion assays. BMC Vet Res 2017;13:386.

[34] Li L, Yang HJ, Liu DC, et al. Analysis of biofilms formation and
associated genes detection in staphylococcus isolates from bovine
mastitis. Int J Appl Res Vet Med 2012;10:62–8.

[35] Liu M, Xie SB, Zhou J. Use of animal models for the imaging and
quantification of angiogenesis. Exp Anim 2018;67:1–6.

[36] Liu XY, Ju ZH, Wang LL, et al. Six novel single-nucleotide
polymorphisms in SPAG11 gene and their association with sperm
quality traits in Chinese Holstein bulls. Anim Reprod Sci 2011;
129:14–21.

http://www.md-journal.com


Zhang et al. Medicine (2019) 98:44 Medicine
[37] Lou MF, Zhang XY, Fu RS, et al. Effects of dietary fiber content on
energetics in nonreproductive and reproductive Brandt’s voles
(Lasiopodomys brandtii). Can J Zool 2015;93:251–8.

[38] Meng XQ, Dai YY, Jing LD, et al. Subcellular localization of proline-
rich tyrosine kinase 2 during oocyte fertilization and early-embryo
development in mice. J Reprod Dev 2016;62:351–8.

[39] Micci F, Haugom L, Abeler VM, et al. Genomic profile of ovarian
carcinomas. BMC Cancer 2014;14:315.

[40] Koti M, Gooding RJ, Nuin P, et al. Identification of the IGF1/PI3K/NF
kappaB/ERK gene signalling networks associated with chemotherapy
resistance and treatment response in high-grade serous epithelial
ovarian cancer. BMC Cancer 2013;13:549.

[41] May T, Shoni M, Crum CP, et al. Low-grade and high-grade serous
Mullerian carcinoma: review and analysis of publicly available gene
expression profiles. Gynecol Oncol 2013;128:488–92.

[42] Ravasz E, Somera AL, Mongru DA, et al. Hierarchical organization of
modularity in metabolic networks. Science 2002;297:1551–5.

[43] Dehghanian F, Hojati Z, Hosseinkhan N, et al. Reconstruction of the
genome-scale co-expression network for the Hippo signaling pathway
in colorectal cancer. Comput Biol Med 2018;99:76–84.

[44] Wang JS, Zhang Q, Cui F, et al. Genome-wide analysis of gene
expression provides new insights into cold responses in Thellungiella
salsuginea. Front Plant Sci 2017;8:713.

[45] He YA, Li YP, Cui LX, et al. Phytochrome B negatively affects cold
tolerance by regulating OsDREB1 gene expression through phyto-
chrome interacting factor-like protein OsPIL16 in Rice. Front Plant Sci
2016;7:1963.

[46] Wang FR, Xu ZZ, Sun R, et al. Genetic dissection of the introgressive
genomic components from Gossypium barbadense L. that contribute
to improved fiber quality in Gossypium hirsutum L. Mol Breeding
2013;32:547–62.

[47] Pang CH, Li K, Wang BS. Overexpression of SsCHLAPXs confers
protection against oxidative stress induced by high light in transgenic
Arabidopsis thaliana. Physiol Plantarum 2011;143:355–66.

[48] Zhang LY, Zhang XJ, Fan SJ. Meta-analysis of salt-related gene
expression profiles identifies common signatures of salt stress
responses in Arabidopsis. Plant Syst Evol 2017;303:757–74.

[49] Langfelder P, Horvath S. WGCNA: an R package for weighted
correlation network analysis. BMC Bioinformatics 2008;9:559.

[50] XiaWX, YuQ, Li GH, et al. Identification of four hub genes associated
with adrenocortical carcinoma progression by WGCNA. PeerJ
2019;7:e6555.

[51] Tian H, Guan D, Li J. Identifying osteosarcoma metastasis associated
genes by weighted gene co-expression network analysis (WGCNA).
Medicine 2018;97:e10781.

[52] Di Y, Chen D, Yu W, et al. Bladder cancer stage-associated hub genes
revealed by WGCNA co-expression network analysis. Hereditas
2019;156:7.

[53] Liu X, Hu AX, Zhao JL, et al. Identification of key gene modules in
human osteosarcoma by co-expression analysis weighted gene co-
expression network analysis (WGCNA). J Cell Biochem 2017;118:
3953–9.

[54] Zhao Q, SongW, He DY, et al. Identification of key gene modules and
pathways of human breast cancer by co-expression analysis. Breast
Cancer 2018;25:213–23.

[55] Lisowska KM, Olbryt M, Student S, et al. Unsupervised analysis
reveals two molecular subgroups of serous ovarian cancer with distinct
gene expression profiles and survival. J Cancer Res Clin Oncol
2016;142:1239–52.

[56] Zhang L, Tan Y, Fan S, et al. Phylostratigraphic analysis of gene co-
expression network reveals the evolution of functional modules for
ovarian cancer. Sci Rep 2019;9:2623.

[57] Alexa A, Rahnenfuhrer J. topGO: Enrichment analysis for Gene
Ontology. R Package Version 2006. Available at: https://bioconduc
tor.org/packages/release/bioc/html/topGO.html.

[58] Marchetti C, Palaia I, De Felice F, et al. Tyrosine-kinases inhibitors in
recurrent platinum-resistant ovarian cancer patients. Cancer Treat Rev
2016;42:41–6.

[59] Na YJ, Farley J, Zeh A, et al. Ovarian cancer: markers of response. Int J
Gynecol Cancer 2009;19(Suppl 2):S21–9.

[60] Patch AM, Christie EL, Etemadmoghadam D, et al. Whole-genome
characterization of chemoresistant ovarian cancer. Nature 2015;
521:489–94.

[61] Fresno Vara JA, Casado E, de Castro J, et al. PI3K/Akt signalling
pathway and cancer. Cancer Treat Rev 2004;30:193–204.
12
[62] Cheaib B, Auguste A, Leary A. The PI3K/Akt/mTOR pathway in
ovarian cancer: therapeutic opportunities and challenges. Chin J
Cancer 2015;34:4–16.

[63] Kong D, Yamori T. Advances in development of phosphatidylinositol
3-kinase inhibitors. Curr Med Chem 2009;16:2839–54.

[64] Castel P, Ellis H, Bago R, et al. PDK1-SGK1 signaling sustains AKT-
Independent mTORC1 activation and confers resistance to PI3Kalpha
Inhibition. Cancer Cell 2016;30:229–42.

[65] De Roock W, De Vriendt V, Normanno N, et al. KRAS, BRAF,
PIK3CA, and PTEN mutations: implications for targeted therapies in
metastatic colorectal cancer. Lancet Oncol 2011;12:594–603.

[66] Kolasa IK, Rembiszewska A, Felisiak A, et al. PIK3CA amplification
associates with resistance to chemotherapy in ovarian cancer patients.
Cancer Biol Ther 2009;8:21–6.

[67] Hahne JC, Honig A,Meyer SR, et al. Downregulation of AKT reverses
platinum resistance of human ovarian cancers in vitro. Oncol Rep
2012;28:2023–8.

[68] Liu P, Cheng H, Roberts TM, et al. Targeting the phosphoinositide 3-
kinase pathway in cancer. Nat Rev Drug Discov 2009;8:627–44.

[69] Cho KR, Iem S. Ovarian cancer. Annu Rev Pathol 2009;4:287.
[70] Zhang XY, Lou MF, Shen W, et al. A maternal low-fiber diet

predisposes offspring to improved metabolic phenotypes in adulthood
in an herbivorous rodent. Physiol Biochem Zool 2017;90:75–84.

[71] Zheng S, Shi J,WuX, et al. Presence of Torque teno sus virus 1 and 2 in
porcine circovirus 3-positive pigs. Transbound Emerg Dis 2018;65:
327–30.

[72] Zhu YY, Qi CC, Shan SJ, et al. Characterization of common carp
(Cyprinus carpio L.) interferon regulatory factor 5 (IRF5) and its
expression in response to viral and bacterial challenges. BMC Vet Res
2016;12:127.

[73] Zhang YJ, Kong XQ, Dai JL, et al. Global gene expression in cotton
(Gossypium hirsutum L.) leaves to waterlogging stress. Plos One
2017;12: e0185075.

[74] Li YY, Xu JJ, Ul Haq N, et al. Was low CO2 a driving force of C-4
evolution: arabidopsis responses to long-term low CO2 stress. J Exp
Bot 2014;65:3657–67.

[75] Liu QQ, Liu RR, Ma YC, et al. Physiological and molecular evidence
for Na+ andCl- exclusion in the roots of two Suaeda salsa populations.
Aquat Bot 2018;146:1–7.

[76] Wang XG, Huang JM, Feng MY, et al. Regulatory mutations in the
A2M gene are involved in the mastitis susceptibility in dairy cows.
Anim Genet 2014;45:28–37.

[77] Wang XJ, Ju ZH, Huang JM, et al. The relationship between the
variants of the bovine MBL2 gene and milk production traits, mastitis,
serum MBL-C levels and complement activity. Vet Immunol
Immunopathol 2012;148:311–9.

[78] Chen M, Song J, Wang BS. NaCl increases the activity of the plasma
membrane H+-ATPase in C-3 halophyte Suaeda salsa callus. Acta
Physiol Plant 2010;32:27–36.

[79] Chen TS, Yuan F, Song J, et al. Nitric oxide participates in
waterlogging tolerance through enhanced adventitious root formation
in the euhalophyte Suaeda salsa. Funct Plant Biol 2016;43:244–53.

[80] Sui N, Wang Y, Liu SS, et al. Transcriptomic and physiological
evidence for the relationship between unsaturated fatty acid and salt
stress in peanut. Front Plant Sci 2018;9:12.

[81] Sui N, Han GL. Salt-induced photoinhibition of PSII is alleviated in
halophyte Thellungiella halophila by increases of unsaturated fatty
acids in membrane lipids. Acta Physiol Plant 2014;36:983–92.

[82] Ding F, ChenM, Sui N, et al. Ca2+ significantly enhanced development
and salt-secretion rate of salt glands of Limonium bicolor under NaCl
treatment. S Afr J Bot 2010;76:95–101.

[83] Qi YC, Wang FF, Zhang H, et al. Overexpression of suadea salsa S-
adenosylmethionine synthetase gene promotes salt tolerance in
transgenic tobacco. Acta Physiol Plant 2010;32:263–9.

[84] Sui N, LiM, Li K, et al. Increase in unsaturated fatty acids inmembrane
lipids of Suaeda salsa L. enhances protection of photosystem II under
high salinity. Photosynthetica 2010;48:623–9.

[85] Kinzler KW, Vogelstein B. Gatekeepers and caretakers. Nature
1997;386:761–3.

[86] Domazet-Loso T, Tautz D. An ancient evolutionary origin of genes
associated with human genetic diseases. Mol Biol Evol 2008;25:2699–
707.

[87] Domazet-Loso T, Tautz D. Phylostratigraphic tracking of cancer genes
suggests a link to the emergence of multicellularity in metazoa. BMC
Biol 2010;8:66.

https://bioconductor.org/packages/release/bioc/html/topGO.html
https://bioconductor.org/packages/release/bioc/html/topGO.html


Zhang et al. Medicine (2019) 98:44 www.md-journal.com
[88] Michor F, Iwasa Y, NowakMA. Dynamics of cancer progression. Nat
Rev Cancer 2004;4:197–205.

[89] Seitz HK, Stickel F. Molecular mechanisms of alcohol-mediated
carcinogenesis. Nat Rev Cancer 2007;7:599–612.

[90] Liu X, Gao Y, Zhao B, et al. Discovery of microarray-identified genes
associated with ovarian cancer progression. Int J Oncol 2015;46:
2467–78.

[91] Tucker SL, Gharpure K, Herbrich SM, et al. Molecular biomarkers of
residual disease after surgical debulking of high-grade serous ovarian
cancer. Clin Cancer Res 2014;20:3280–8.

[92] Bignotti E, Tassi RA, Calza S, et al. Gene expression profile of ovarian
serous papillary carcinomas: identification of metastasis-associated
genes. Am J Obstet Gynecol 2007;196:245.e1–1.

[93] Vonb C, Oliveira-Ferrer L, Loning T, et al. Cadherin-11 mRNA and
protein expression in ovarian tumors of different malignancy: No
evidence of oncogenic or tumor-suppressive function. Mol Clin Oncol
2015;3:1067–72.

[94] Yoon S, Choi JH, Kim SJ, et al. EPHB6mutation induces cell adhesion-
mediated paclitaxel resistance via EPHA2 and CDH11 expression.
Exp Mol Med 2019;51:61.

[95] Cody NA, Shen Z, Ripeau JS, et al. Characterization of the 3p12.3-
pcen region associated with tumor suppression in a novel ovarian
cancer cell line model genetically modified by chromosome 3 fragment
transfer. Mol Carcinog 2009;48:1077–92.

[96] Cheng L, Roth LM, Zhang S, et al. KIT gene mutation and
amplification in dysgerminoma of the ovary. Cancer 2011;117:
2096–103.

[97] Raspollini MR, Amunni G, Villanucci A, et al. c-KIT expression and
correlation with chemotherapy resistance in ovarian carcinoma: an
immunocytochemical study. Ann Oncol 2004;15:594–7.

[98] Yi C, Zhang L, Li L, et al. Establishment of an orthotopic
transplantation tumor model in nude mice using a drug-resistant
human ovarian cancer cell line with a high expression of c-Kit. Oncol
Lett 2014;8:2611–5.
13
[99] Nabel EG, Yang ZY, Plautz G, et al. Recombinant fibroblast growth
factor-1 promotes intimal hyperplasia and angiogenesis in arteries in
vivo. Nature 1993;362:844–6.

[100] Namlos HM, Boye K, Mishkin SJ, et al. Noninvasive detection of
ctDNA reveals intratumor heterogeneity and is associated with tumor
burden in gastrointestinal stromal tumor. Mol Cancer Ther 2018;
17:2473–80.

[101] Shukla S, Meeran SM. Epigenetics of cancer stem cells: pathways and
therapeutics. Biochim Biophys Acta 2014;1840:3494–502.

[102] Nwani NG, Condello S, Wang Y, et al. A novel ALDH1A1 inhibitor
targets cells with stem cell characteristics in ovarian cancer. Cancers
2019;11:

[103] Kottarathil VD, Antony MA, Nair IR, et al. Recent advances
in granulosa cell tumor ovary: a review. J Surg Oncol 2013;4:
37–47.

[104] Bae H, Lim W, Bae SM, et al. Avian prostatic acid phosphatase:
estrogen regulation in the oviduct and epithelial cell-derived ovarian
carcinomas. Biol Reprod 2014;91:3.

[105] Ben-Arie A, Hagay Z, Ben-Hur H, et al. Elevated serum alkaline
phosphatase may enable early diagnosis of ovarian cancer. Eur J
Obstet Gynecol Reprod Biol 1999;86:69–71.

[106] Chetry M, Li S, Liu H, et al. Prognostic values of aquaporins mRNA
expression in human ovarian cancer. Biosci Rep 2018;38:

[107] Ishikawa J, Kaisho T, Tomizawa H, et al. Molecular cloning and
chromosomal mapping of a bone marrow stromal cell surface gene,
BST2, that may be involved in pre-B-cell growth. Genomics 1995;
26:527–34.

[108] Januchowski R, Sterzynska K, Zawierucha P, et al. Microarray-
based detection and expression analysis of new genes associated
with drug resistance in ovarian cancer cell lines. Oncotarget 2017;
8:49944–58.

[109] Koren E, McConathy WJ, Alaupovic P. Isolation and characterization
of simple and complex lipoproteins containing apolipoprotein F from
human plasma. Biochemistry 1982;21:5347–51.

http://www.md-journal.com

	Identification of modules and hub genes associated with platinum-based chemotherapy resistance and treatment response in ovarian cancer by weighted gene co-expression network analysis
	1 Introduction
	2 Materials and methods
	2.1 Data collection
	2.2 WGCNA analysis of the filtered genes
	2.3 Module-trait analysis based on patients' varying sensitivity to first-line chemotherapy
	2.4 Functional enrichment analysis of significant co-expression modules
	2.5 Validating key modules
	2.6 Kaplan-Meier survival analysis

	3 Results
	3.1 WGCNA co-expression network construction
	3.2 Module-trait relationship calculation
	3.3 Function annotation of the trait related modules
	3.4 Validation for preservation of the modules
	3.5 Identification of OV related hub genes in chemotherapy resistant/sensitive modules
	3.6 ADH1B, cadherin 11, and vestigial like family member 3are differentially expression and their prognostic roles for OV were validated in TCGA database

	4 Discussion
	5 Conclusions
	Author contributions
	References


