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Introduction

Ovarian cancer (OC) is the leading cause of death from
gynecologic cancer for women worldwide. OC comprises
of four main histological subtypes. 1) serous cystadeno-
carcinoma, 2) mucinous, 3) endometrioid, and 4) clear
cell [1]. The majority of patients are diagnosed with
advanced disease, which is cured with surgery and post-
operative chemotherapy [2]. However, some patients
exhibit resistance to chemotherapy, resulting in an overall
five-year survival of 10%-30% [3].

A number of gene alterations have been identified and
frequently encountered during ovarian tumorigenesis,
including KRAS (v-Ki-ras2 Kirsten rat sarcoma viral
oncogene homolog), BRAF (v-raf murine sarcoma viral
oncogene homolog B1), TP53 (tumor protein p53), RB
(retinoblastoma), PTEN (phosphatase and tensin
homolog) [4], MYC (v-myc myelocytomatosis viral onco-
gene homolog [avian]) [5], E2F-1 (E2F transcription fac-
tor 1), EGFR (epidermal growth factor receptor), etc.
Approximately 60%-70% of low-grade serous carcino-
mas carry KRAS or BRAF genes mutations [6], but
deregulation of the tumor-suppressing pathways p53 and
BRCA1/2 is more common in high-grade serous tumors
[7]. Expression level of E2F-1 is elevated in all the OC
cell lines studied when compared with control cells. High
expression of E2F-1 is found to be associated with
histopathologic grade 3 tumors and residual tumor over
two cm in diameter in OC patients [8, 9]. EGFR is report-
ed over-expression in the majority of OC [10] and has
been implicated in both the growth and progression of
this disease. Targeting the EGF receptor via antisense
transfection or tyrosine kinase inhibitor in OC reduces the

expression of EGFR and suppresses OC cell to grow and
responsiveness to exogenous EGF [11, 12]. EGF activat-
ed in vivo binding of E2F1 to the B-Myb promoter and
subsequent activation of B-Myb gene expression [13],
whose expression is also involved in OC [14, 15]; howev-
er, relatively little is known about how these genetic ele-
ments are coordinated in transcription network during OC
initiation and progression.

Therefore, the objective of this study was to identify
potential transcription regulation relationships between
transcription factors and differentially expressed target
genes in OC by using the microarray data and transcrip-
tional network analysis. Network motif was used to rep-
resent the different interaction type. Moreover, the
authors characterized their underlying molecular mecha-
nisms by KEGG pathway enrichment analysis. 

Materials and Methods

Data source - affymetrix microarray data

The transcription profile of GSE14407 was obtained from
NCBI GEO database (http://www.ncbi.nlm.nih.gov/geo/) which
is based on the Affymetrix Human Genome U133 Plus 2.0
Array. A total of 24 chips, purchased from Cancer Development
and Evolution in Georgia Institute of Technology, were used for
this analysis. Twelve healthy ovarian surface epithelia samples
(OSE) were compared to twelve laser-captured microdissected
serous OC epithelia samples (CEPI) via Affymetrix 3’ expres-
sion array.

Regulation data 

A total of 774 pairs of regulatory relationship between 219
transcription factors (TFs) and 265 target genes were collected
from TRANSFAC [16] (http://www.gene-regulation.com/pub/
data bases.html). A total of 5,722 pairs of regulatory relationships
between 102 TFs and 2,920 target genes were collected from
TRED [17] (http://rulai.cshl.edu/TRED/). By integrating the
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above two regulation datasets, a total of 6,328 regulatory rela-
tionships between 276 TFs and 3,002 target genes were ulti-
mately obtained.

Differentially-expressed genes (DEGs) analysis

For the GSE14407 dataset, the limma method [18] was used
to identify DEGs. The original expression datasets from all con-
ditions were extracted into expression estimates and then to con-
struct the linear model. The DEGs only with a fold change value
larger than 2 and p value less than 0.05 were selected. 

Co-expression analysis

For demonstrating the potential regulatory relationship, the
Pearson correlation coefficient (PCC) [19] was calculated for all
pair-wise comparisons of gene-expression values between TFs
and the DEGs. The regulatory relationships whose absolute
PCC were larger than 0.75 were considered significant. 

Regulation network construction

Using the regulation data that have been collected from
TRANSFAC [16] database and TRED [17] database, the authors
matched the relationships between differentially-expressed TFs
and their target genes.

Based on the above two regulation datasets, the significant
relationships (PCC > 0.6 or PCC < – 0.6) between TFs and their
target genes, the authors constructed the regulation networks by
Cytoscape [20]. 

Network motif 

Fanmod [21] is a tool for finding so-called networks motifs in
a network, that is, it locates small vertex-induced subgraphs that
occur significantly more often than in random networks.

Enumeration algorithm was applied to search for five sizes of
subgraphs, which were found more than five times, |Z-Score| ≥  5,
and p value ≤ 0.05. The Z-Score is the original frequency minus
the random frequency divided by the standard deviation. The
higher the Z-Score, the more significant the motif is. The p value
of a motif is the number of random networks in which it occurred
more often than in the original network, divided by the total num-
ber of random networks. Therefore, p values range from 0 to 1;
the smaller the p value, the more significant the motif is.

Pathway analysis

DAVID [22], a high-throughput and integrated data-mining
environment, analyzes gene lists derived from high-throughput
genomic experiments. DAVID was used to identify KEGG path-
way analysis.

Results

Microarray data analysis

Publicly-available microarray data set GSE14407 was
obtained from GEO. A total of 10,836 DEGs with the fold
change value > 2 and p value < 0.05 were selected using
the limma method. All of these genes are positive expres-
sion genes.

Regulation network analysis

To obtain regulation network, based on the significant
relationships (PCC > 0.6 or PCC < - 0.6) between TFs

and their target genes, 160 expression relationships
including 44 TFs and 138 target genes were selected. By
integrating expression relationships above, a regulation
network was built between TFs and their target genes
(Figure 1). TP53 (tumor protein p53), E2F1 (E2F tran-
scription factor 1), NFKB (nuclear factor of kappa light
polypeptide gene enhancer in B-cells 1), MYC (v-myc
myelocytomatosis viral oncogene homolog [avian]), and
SPI1 (spleen focus forming virus [SFFV] proviral inte-
gration oncogene spi1) were hub nodes in the transcrip-
tome network. Among them, TP53 had the most interac-
tion regulation relationships with its target genes, such as
p53 could down-regulate CDC14A (CDC14 cell division
cycle 14 homolog A [S. cerevisiae]) and FAS (TNF recep-
tor superfamily, member 6) expression, but up-regulate
SFN (stratifin) and THBS1 (thrombospondin 1) expres-
sion.

Network motif analysis

To search for five sizes of subgraphs, which were found
more than five times, |Z-Score| ≥ 5, p value ≤ 0.05
between TFs and their target genes, 175 expression rela-
tionships including 42 TFs and 114 target genes were
selected. Network motif subgraphs were built between
TFs and their target genes (Figure 2). Figure 2 lists the top
five motif subgraphs. From these results, the authors also
suggest the more important role of TP53 in regulation
network.

Function analysis of the network 

Using the KEGG pathways to describe the function of
the regulation network, several KEGG pathways were
enriched among these pathways in the regulation net-
work, including pathways in cancer (hsa05200), acute
myeloid leukemia (hsa05221), small cell lung cancer
(hsa05222), cell cycle (hsa04110), p53 signaling pathway
(hsa04115), and apoptosis (hsa04210). Table 1 only lists
the top ten enriched KEGG pathways. 

Term represents pathway ID. Description is a pathway
symbol. Count is the number of enrichment pathways.
The p value is the probability of obtaining a test statistic.
The smaller the p value is, the more enrichment the path-
way is. False discovery rate (FDR) control is a statistical
method used in multiple hypothesis testing to correct for
multiple comparisons. The smaller the FDR is, the higher
the correctness is.

Table 1. — Top 10 KEGG pathways.

Term Description Count p value FDR

hsa05200 Pathways in cancer 32 8.23E-12 9.57E-09
hsa05221 Acute myeloid leukemia 12 7.12E-08 8.28E-05
hsa05222 Small cell lung cancer 12 3.46E-06 0.004024
hsa04110 Cell cycle 13 3.18E-05 0.036994
hsa05212 Pancreatic cancer 10 4.10E-05 0.047633
hsa04115 p53 signaling pathway 9 1.72E-04 0.200131
hsa04210 Apoptosis 10 1.83E-04 0.213119
hsa05215 Prostate cancer 10 2.19E-04 0.253811
hsa05218 Melanoma 9 2.34E-04 0.271445
hsa05220 Chronic myeloid leukemia 9 3.43E-04 0.397652
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Discussion

In this study, the authors systemically investigated the
regulation network of OC between TFs and target genes
and their underlying molecular pathways. The authors
have shown that the gene TP53 was a crucial TF in the
transcriptome network. The gene TP53 that encodes the
tumor suppressor protein p53 is amongst the most com-
monly altered genes in human cancer, including OCs
[23]. The loss of tumor-suppressor function of the TP53
protein, subsequent to a mutation in the coding sequence
(missense or nonsense mutations) [24, 25], seems to be a
common feature in a majority of epithelial OCs. A muta-
tion of p53 in early stage of OCs is associated with a
short-term improvement in overall survival and progres-
sion-free survival [26, 27]. However, in advanced-stage
cancers, p53 mutation seems to confer a more aggressive
biology related to metastasis and poor clinical outcome
[28]. Missense TP53 mutations have been reported to
result in p53 accumulation. Therefore, high-level expres-
sion of nuclear p53 protein is detected in malignant or
benign epithelial OC [29]. A positive correlation was
observed between PAX8 and p53 expression in endome-
trial carcinomas [30]. TP53 expression could also be reg-
ulated by PAX8 in the present study, which is highly-
expressed in benign and malignant epithelial OC when
compared to normal ovarian samples [31, 32]. 

In response to DNA damage, p53 is imported into the
nucleus, binds to target genes, and alters their transcrip-
tion to involve in cell cycle arrest and apoptosis [33]. In
this study, the authors found TP53 could down-regulate
CDC14A and FAS expression, but up-regulated SFN and
THBS1expression. These genes were proposedly
involved in cell cycle, P53 signaling pathway, and apop-
tosis pathway based on previous reports.

CDC14A protein is a member of the dual specificity
protein tyrosine phosphatase family, which plays
pleiotropic roles during the cell cycle, including the initi-
ation of DNA replication [34] and the exit from mitosis
[35]. Cdc14A is found differentially-expressed in human
tissues with high-protein expression in brain, heart, small
intestine, and skeletal muscle, moderate expression in
spleen, and low or undetectable expression in kidney,
liver, lung, testis, and pancreas. Low expression of
Cdc14A occurs in cancer cell lines harboring wild-type
p53 [36]. This protein has been proved to interact with,
and dephosphorylate tumor suppressor protein p53 at
ser315 site, and is thought to regulate the function of p53
in cancer [37]. In this study, the authors predicted that
Cdc14A was also of low expression in OCs.

Fas (CD95/APO-1), a type I transmembrane cell sur-
face protein with a molecular weight of 48 kD, is gener-
ally regarded as the prototypical cell death receptor of
tumor necrosis factor family. It initiates apoptosis follow-
ing engagement by Fas ligand, FasL, which has been

Figure 1. — Figure 1 Regulation network. The diamond nodes
indicate TFs and the circle node indicates target genes. The
lines indicate up-regulation and the lines indicate down-regula-
tion.

Figure 2. — Network motif subgraph. The circle nodes and dia-
monds indicate TFs and the circle node indicates target genes.
The lines indicate up-regulation and the lines indicate down-
regulation. The Z-Score is the original frequency minus the
random frequency divided by the standard deviation. The p
value of a motif is the number of random networks in which it
occurred more often than in the original network, divided by the
total number of random networks.
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described as trigger molecules of apoptosis, such as cas-
pase-8, resulting in downstream cell death caspase cas-
cades [38]. Serum soluble Fas levels are significantly
increased in women with OC compared with healthy
controls. Increased pretreatment serum soluble Fas lev-
els were associated with shortened disease-free and
overall survival [39]. Decreased sensitivity to Fas-medi-
ated apoptosis could contribute to ovarian tumorigenesis
[40]. There is a p53-responsive element within the first
intron of the Fas gene, as well as three putative elements
within the promoter [41, 42]. Wild-typep53 binds to and
trans-activates the Fas gene, whereas mutant p53 fails to
induce apoptosis via activation of the Fas gene [42, 43],
this is, down-regulated by mutant p53. 

SFN protein, also known as 14-3-3σ, plays a crucial
role in the G2 checkpoint by sequestering the mitotic
initiation complex, cdc2-cyclin B1, in the cytoplasm
after DNA damage [44]. This prevents cdc2-cyclin B1
from entering the nucleus in which the protein complex
would normally initiate mitosis. In this manner, 14-3-3
induces G2 arrest and allows the repair of damaged
DNA. Recently, the expression of 14-3-3σ protein has
been reported to be frequently methylated and inactivat-
ed in ovarian carcinoma tissues [45]. Treatment of ovar-
ian cell with demethylating agent resulted in the
demethylation of the promoter CpG islands and restored
the expression of 14-3-3σ gene. Decreased 14-3-3σ
expression was significantly associated with positive
p53 immunoreactivity, that is, an inverse correlation
between14-3-3σ and p53 expression [46]. 

TSP-1, a 420 kDa extra cellular matrix-bound adhesive
glycoprotein, is the first protein recognized as an
endogenous inhibitor of angiogenesis. Several studies
have indicated that TSP-1 has tumor suppressive proper-
ties in vivo and overex pression of TSP-1 in human vari-
ous cancer cells blocks tumor progres sion. TSP-1 is
found to be up-regulated upon THY-1 induction (a
tumor suppressor gene) in human OC [47]. TSP-1
mRNA and protein levels are significantly decreased by
hepatocyte growth factor (HGF) induction through
MAPK signaling pathways, leading to the induction of
MMP-9 and subsequent invasion of OC cell [48]. P53
expression is found inversely-correlated with TSP-1
staining in OC cases. The reduction of TSP-1 expression
associated with overexpression of p53 may be coupled
with the development of a pro-angiogenic environment
and malignant phenotype [49].

In conclusion, the present findings shed new light on
the regulation network of OC. The authors showed that
TP53 TF could play an important role in OC via up-reg-
ulating or down-regulating target genes, such as SFN,
THBS1, CDC14A, and FAS genes which are all associ-
ated with breast cancer progression. 
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