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Abstract

Endometrial cancer (EC) is one of the most common cancers of post-menopausal women.
The key molecules and mechanisms that underlie to EC are still poorly known. Therefore,
we aimed to identify potential biomarkers and networks to clarify the potential
mechanisms behind EC. We employed an integrative bioinformatics analysis of three
MRNA datasets (GSE17025, GSE115810, and GSE36389) of EC matched with normal
tissue from public repository to identify differentially expressed genes (DEGs) in EC
tumor. Then, we identified gene ontology and pathways to interpret their critical
biological significance. A total of 63 aberrantly expressed genes (DEGS) involved in
various intricate molecular pathways were identified. We detected eight key hub proteins
(EZR, NR4Al, SFRP4, SOCS2, VAV3, WT1, TCF4, and MYOQO6) and transcription
factors (FOXC1, GATA2, RUNXI1T1, ZBTB20, E2F1, FOXL1, NFKB1, YY1, and
HINFP) based on topological analysis of molecular networks. Besides, several drugs
interacting with protein HTR2B were identified as candidate drugs influencing the key
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pathways. In conclusion, we have identified a set of candidate molecular biomarkers and
pathways in EC which may enhance the understanding of the underlying molecular
mechanisms of EC that might help future studies.

Keywords: Endometrial Cancer, Transcription Factor, Molecular Pathways,
Biomarkers, Candidate Drugs.

AMS Classification: 92B10.

1. Introduction

Endometrial cancer (EC) is a major female health issue and the fourth most
common cancer occurring in post-menopausal women worldwide (Clarke et al.,
2018). The American Cancer Society has estimated about 61,880 new cases and
about 12,160 deaths for the cancer of the endometrium in the United States for the
ongoing year (Siegel et al., 2019). EC, that arises from the lining of the uterus can
be classified into two types: type- 1, estrogen-mediated, lower grade and accounts
for 70-80% of the whole cases and type- 2, non-endometrioid, higher grade and
mostly occur in older women (Clarke et al., 2018; Tran and Gehrig, 2017).
Several factors such as hyperplasia, obesity, estrogen level, diabetes mellitus, life
style etc. cause EC in women (Rosen et al., 2019; Ju et al., 2015; Han et al.,
2015). In addition, patients having breast cancer can also develop EC because
they share some common genes and pathways (Rahman et al., 2019). EC can be
treated better if it is diagnosed at an early stage comparing to the advanced stage
(Leslie et al.,, 2012). For the proper prognosis and treatment of diseases,
bioinformatics analyses using various sophisticated tools playing vital roles in the
recent years (Shen, 2013; Vogelstein et al., 2013).Thus, using microarray
technology and bioinformatics analysis, researchers have revealed biological
processes of EC(Colas et al., 2012); however, candidate biomarkers and molecular
pathways were not confirmed strongly. Hence, in the present study, we tried to
reveal the key hub proteins and pathways related to the pathogenesis of EC.

2. Materials and Methodology

2.1. Microarray data, data processing and DEGs screening

We mined array-based datasets for EC from the NCBI-GEO database (Barrett et
al., 2012). We downloaded three Affymetrix based microarray datasets (GEO
accession numbers GSE17025, GSE115810, GSE36389) for our study. The
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GSE17025 dataset contained 103 samples, including 91 samples of pathologically
reviewed stage | EC and 12 samples of atrophic endometrium as control.
GSE115810 dataset contained 27 samples, including 3 control samples and 24
metastatic EC samples. For microarray analysis, the GSE36389 dataset used 20
samples which included 7 controls and 13 metastatic samples. After obtaining,
log2 transformation process was used to normalize all the datasets. Then, we
screened the genes of each dataset using the Limma R package to identify
differentially expressed genes (DEGS). A p-value of less than 0.01 and an absolute
log2 fold change (FC) > 1 were set as the threshold criteria throughout the whole
process.

2.2. GO and KEGG pathway enrichment analysis of DEGs

We used DAVID 6.8 database (Sherman and Lempicki, 2009), a bioinformatics
data resource consisting of an integrated biological knowledge base and analytic
tools, to perform GO functional and KEGG pathway analysis of the integrated
DEGs. Adjusted p-value < 0.05 was considered to indicate a statistically
significant difference. The goal of this step was to explain gene functions and find
relevant pathways.

2.3. PPI network construction

A protein-protein interaction network of the integrated DEGs of EC was
constructed by STRING (Szklarczyk et al.,, 2016). Then, we used Network
Analyst (Zhou et al., 2019) tool to visualize the PPI network. P-value < 0.05 was
considered to indicate a statistically significant difference.

2.4. TF-gene interactions analysis

The TF-gene interactions network was created using Network Analyst (Zhou et
al., 2019) to identify combinatorial and synergic regulatory relationships between
TFs and the DEGs. The degree >= 20 was set as threshold value to obtain the TFs.

2.5. Protein-drug interactions analysis

We queried the Drug Bank database (Version 5.1.4) to obtain protein-drug
interactions by using Network Analyst [(Zhou et al., 2019) to reveal candidate
drugs of EC.
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3. Results

3.1. Identification of DEGs in EC

We used Limma package of R software to identify the DEGs (3009 in GSE17025;
414 in GSE115810; and 212 in GSE36389) in the EC samples. Then we
performed Venn diagram using jvenn tool (Bardou et al., 2014) to identify
overlapping DEGs among the datasets. We found sixty-three genes common to all
the datasets (Figure 1). Finally, we considered these 63 DEGs for further study.

GSE 17025 GSE115810

GSE 36389

Figure 1: Venn diagram of DEGs. Sixty-three transcripts were found common
among the three datasets.

3.2. GO and KEGG pathway analysis of DEGs

We queried DAVID to obtain biological process, molecular function, and cellular
component enriched by the DEGs. We sorted out top five GO terms of biological
process (BP), molecular function (MF), and cellular component (CC) considering
their p-value (Table 1). The significant enriched BP were cell adhesion, negative
regulation of transcription from RNA polymerase Il promoter, positive regulation
of transcription, DNA-templated, branching involved in ureteric bud
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morphogenesis, and embryonic eye morphogenesis (Table 1). The suggestive CC
were identified as extracellular space, proteinaceous extracellular matrix,
extracellular exosome, extracellular region, and extracellular matrix (Table 1).
The significantly enriched MFs by the DEGs were integrin binding, heparin
binding, transcriptional activator activity, RNA polymerase Il core promoter
proximal region sequence-specific binding, extracellular matrix structural
constituent, and growth factor activity (Table 1). We also studied pathways using
the common DEGs to obtain the significant molecular pathways. The major
pathways, that were involved in the pathogenesis of EC, were leukocyte trans-
endothelial migration, ECM-receptor interaction, protein digestion and absorption,
and focal adhesion (Table 2).

3.3. Identification of hub proteins

We used the common DEGs to construct protein-protein interaction (PPI) network
to get insights into the functional interactions of the DEGs (Figure 2). We detected
eight key hub proteins (EZR, NR4Al, SFRP4, SOCS2, VAV3, WT1, TCF4, and
MYQOG6) from the constructed PPI network.

3.4. Identification of transcriptional factors

We integrated the DEGs with a human transcriptional regulatory network to
identify significant transcription factors of EC. Thus, we obtained nine TFs
(FOXC1, GATA2, RUNX1T1, ZBTB20, E2F1, FOXL1, NFKB1, YY1, HINFP)
as the transcriptional regulatory components in EC datasets (Figure 3).

3.5. Identification of candidate drugs

To identify potential therapeutic agents for the treatment of EC, we performed
Network Analyst which resulted in a protein-drug interaction network (Figure 4).
The central protein HTR2B (5-Hydroxytryptamine receptor 2B) has several
drug/compounds interactions. From the interaction network, we found some
possible therapeutic agents namely amoxapine, asenapine, cariprazine, eletriptan,
doxepin, pergolide, ketamine etc.
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Table 1: GO terms (Top 5) in three categories enriched by the common
DEGs in EC.
Categories GO ID GO Terms P-value Genes
GO0:0007155 cell adhesion 3.35E-07 SEMADBSA, F11R,
SRPX, COL1A1,
COL16A1, CXCL12
Biological G0:0000122 negative regulation | 2.54E-05 ZBTB20, FOXL2,
Process of transcription from EZR, OSR2, TLE4,
RNA polymerase 11 PTCH1, FOSB, ZEB1
promoter
G0:0045893 positive regulation | 3.27E-04 FOXL2, OSR2,
of transcription, DNA- GDF7, HOXA11,
templated PTCH1, COL1Al
G0:0001658 branching involved | 3.88E-04 HOXAL11, PTCH1,
in ureteric bud DCHS1, WT1
morphogenesis
G0:0048048 embryonic eye 5.01E-04 FOXL2, EFEMP1,
morphogenesis FBN1
GO0:0005615 extracellular space | 7.69E-05 MUC1, GDF7,
LTBP4, CXCL12
GO0:0005578 proteinaceous 2.24E-04 OGN, LTBP4,
Cellular extracellular matrix EFEMP1, FBN1
Component |~ ~.0070062 extracellular | 3.43E-04 MUCL, F11R,
exosome MYO6, VAV3,
PTPRF
GO:0005576 extracellular region | 0.001624 OGN, GDF7,

EFEMP2, LTBP4,
SFRP4
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G0:0031012 extracellular matrix | 0.00267 OGN, LTBP4,
EFEMP1, FBN1,
COL1A1
G0:0005178 integrin binding 2.98E-05 LTBP4, FBN1,
COL16A1,
ADAMTSS5, COL5A1
Molecular G0:0008201 heparin binding 2.20E-04 OGN, PTPRF,
Function FBN1, PTCH1,
ADAMTSS
G0:0001077 transcriptional 0.00128 OGN, PTPRF,
activator activity FBN1, PTCH1,
ADAMTSS
G0:0005201 extracellular matrix | 0.001577 EFEMP2, FBN1,
structural constituent COL1A1, COL5A1
G0:0008083 growth factor 0.00231 OGN, GDF7,
activity EFEMP1, CXCL12
Table 2: Significant KEGG pathways and relative genes.
KEGG ID Pathways P-value Genes
hsa04670 | Leukocyte trans- 0.0011 Fi:l)TCI\_/f\ZV'?'H EYle,
endothelial migration :
hsa04512 ECM-receptor interaction 0.0483 | COL1A1, COL5AL, SPP1
hsa04974 Proteln_dlgestlon and 0.0493 | MME, COL1A1, COL5A1
absorption
hsa04510 Focal adhesion 0.0501 VAV3, COL1A1L,
COL5A1, SPP1
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Figure 2: Protein-protein interaction of the common differentially expressed
genes (DEGs) with other genes of EC. All nodes (circular points) indicate the
DEGs, and the edges indicate the interactions between two genes. The eight large
nodes indicate the hub proteins.

Table 3: List of hub proteins and their involvement in EC.

Hub Name Roles of the biomolecules References
proteins
EZR ezrin/ cytovillin involved in the process of invasion of Yanetal.,
endometrial cancer cells 2018
NR4A1 nuclear receptor 4A1 exhibited pro-oncogenic activity in Mohankumare
endometrial cells tal., 2019
SFRP4 secreted frizzled- plays an important role in endometrial Pohl et al.,
related protein 4 carcinogenesis 2015
SOCS2 | suppressor of cytokine activates downstream signaling in EC Bakkum-
signaling 2 Gamezet al.,
2015
VAV3 guanine nucleotide play an important role in the Boesch et al.,
exchange factor VAV3 development and progression of EC 2018
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WT1 Wilms' tumor gene induction of angiogenesis in Dvorakovaet
endometrial cancer al., 2013
TCF4 transcription factor 4 | positive feedback loop of TCF4 plays an Xiao et al.,
unfavorable role in the metastasis of 2019
endometrial carcinoma
MYO6 Myosin VI plays vital role in endometrial Romero-
carcinogenesis Pérezet al.,
2013

N
@ RUNXIT1

Figure 3: TF-gene interactions network. Nine transcription factors were identified
as significant for EC.
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Figure 4: Protein-drug interactions network. Several candidate drugs were
identified which could be used for EC treatment.

4. Discussion

Using microarray technology, now-a-days, several deadly diseases namely,
ovarian cancer, cervical cancer etc. have been studying to explore the
pathogenesis of the diseases for better treatment (Ye et al., 2015; Ai et al., 2013).
Hence, in the present study, we also applied bioinformatics approaches to reveal
molecular signatures and key pathways in EC, since the etiology of the disease
remains poorly known, thus obstructing effective therapeutic opportunities for the
disease. In our study, we downloaded three microarray datasets from the NCBI-
GEO database and analyzed them to acquire DEGs between EC and normal
tissues. We identified 63 common DEGs (Figure 1) which may be considered as
EC biomarkers and possible therapeutic targets. DAVID tool analysis revealed
significant GO terms (Table 1) and subsequent genes which were enriched in
cellular, extracellular, growth and transcriptional activity. Several studies have
reported that these biological processes, molecular functions, and cellular
components affect EC tumorigenesis (Huang et al., 2013; Suman and Mishra,
2018). The KEGG pathway enrichment analysis revealed some altered signaling
pathways which may be involved in the development and progression of EC. In a
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study, Rahman, et al. (2019) reported protein digestion and absorption, and ECM-
receptor interaction pathways enrichment by the colorectal cancer DEGs. To
understand the underlying molecular mechanisms of EC, we constructed a PPI
network (Figure 2) using the common DEGs. This resulted in eight key molecules
i.e., hub proteins namely EZR, NR4A1, SFRP4, SOCS2, VAV3, WT1, TCF4, and
MYOG6 which were then selected for study. Among the identified hub genes, EZR
is involved in the process of invasion of endometrial cancer cells (Yan et al.,
2018). The hub protein NR4AL exhibited pro-oncogenic activity in endometrial
cells (Mohankumar et al., 2019). SFRP4 and MY Q6 play vital role in endometrial
carcinogenesis (Pohl et al., 2015; Romero-Pérez et al., 2013). Another hub
protein SOCS2 activates downstream signaling in EC (Bakkum-Gamez et al.,
2015). VAV3, WT1, and TCF4 play vital roles in the pathogenesis of EC, induce
angiogenesis in EC and are involved in early signaling for trans-differentiation
towards the molecular phenotype of EC cells, respectively (Boesch et al., 2018;
Dvorakova et al., 2013; Xiao et al., 2019). We also studied the TFs-DEGs
interaction and constructed a network using webtool from which we identified
nine key transcriptional factors (FOXC1, GATA2, RUNXI1T1, ZBTB20, E2F1,
FOXL1, NFKB1, YY1, and HINFP) as regulator of the DEGs in EC.
Furthermore, we studied the protein-drug interactions to identify therapeutic
agents or compounds which can be used in the treatment of EC patients. A total 31
drugs, which were connected with a target protein- HTR2B, were revealed from
the interaction network (Figure 4). The modes of bindings between the drugs and
the protein were evaluated and an established association was confirmed by
existing databases. In conclusion, our study revealed some signature key proteins
which were involved in the signaling pathways at the molecular levels in EC
progression and hence may be regarded as suggestive biomarkers and therapeutic
targets of EC. The revealed biomarkers and drugs in our present study require
more studies to define their clinical values.

5. Conclusion

In the present study, we have analyzed transcriptome profiles in EC using
bioinformatics approaches to reveal the significant cellular pathways and
candidate prognostic gene signatures, so that the underlying molecular mechanism
behind onset of EC in women may be revealed. Molecular pathways that altered
significantly include ECM-receptor interaction, protein digestion and absorption,
focal adhesion and leukocyte trans- endothelial migration. We identified eight key
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prognostic gene signatures: EZR, NR4A1, SFRP4, SOCS2, VAV3, WT1, TCF4,
and MYO6 and nine transcription factors: FOXC1l, GATA2, RUNXI1TIL,
ZBTB20, E2F1, FOXL1, NFKBL1, YY1, and HINFP based on topological analysis
of molecular networks. In addition, we found some possible therapeutic agents
namely amoxapine, asenapine, cariprazine, eletriptan, doxepin, pergolide,
ketamine etc. from the interaction network with the central protein HTR2B. We
have detected a potential prognostic hub genes and pathways for EC which may
provide a new avenue for development and treatment of the disease.
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