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Background: Endometriosis is interpreted as the existence of endometrium outside
the uterine cavity, such as ovaries, fallopian tubes and pelvic cavity. Dysmenorrhea,
abnormal menstruation, infertility, and chronic pelvic pain are the primary symptoms of
endometriosis. Although there are many theories about the origin of endometriosis, the
exact factor of the disease has not been confirmed. Therefore, many other mechanisms
are still worth exploring.

Materials and Methods: The gene lists of the transcription factors (TFs) were selected
from the intersections of three databases. The limma R package was used to analyze
the differentially expressed genes (DEGs) of GSE6364 and GSE7305 and the DEGs
intersected with the TFs to obtain the differentially expressed TFs (DETFs). Subsequently,
one-way ANOVA and Student’s t-test were used to analyze the expression of DETFs
in different phases of the endometrium and the endometrium of the infertile and fertile
females with endometriosis, respectively. Enrichment analysis and PPl network were
performed to reveal the molecular mechanisms of endometriosis. Finally, the plotROC R
package was used to evaluate the sensitivity and specificity of hub TFs for the diagnosis
of endometriosis.

Results: A total of 54 DETFs were screened out in endometriosis. The expression of
up-regulated DETFs was gradually increased from the early secretory to the proliferative
phase of the endometrium. Most up-regulated DETFs increased expression in the
endometrium of infertile females. The pathways of DETFs were mainly enriched in stem
cell differentiation, transcription activity, steroid hormone receptor activity and herpes
simplex virus. Two hub TFs (RUNX2 and BATF) and two sub-networks were finally
acquired from the PPl network. RUNX2 and BATF also had high diagnostic value
in endometriosis.

Conclusion: We discovered and analyzed 54 DETFs that were closely related to
endometriosis, which would contribute to explore new mechanisms of endometriosis
and search for new diagnostic markers and effective therapeutic targets.
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INTRODUCTION

Endometriosis is a common and highly recurrent gynecologic
disease which is characterized by the presence of endometrium
tissues outside of the uterus (Bulun, 2009). The aberrant
growth of endometriosis can be found in the peritoneal
cavity, ovaries, cervix and fallopian tubes leading to pelvic
pain, dysmenorrhea and infertility (Garry, 2004). Surgeries of
endometriosis constitute the second largest number of surgeries
in premenopausal women. The progression of endometriosis
is often associated with proliferation, spreading and invasion
of endometrial cells in the peritoneal cavity, adaptation of
local inflammatory reaction and angiogenesis (Giudice and Kao,
2004). Endometriosis was first described by Von Rokitansky in
1860 (Honda and Katabuchi, 2014). Then, Sampson proposed the
most prevalent theory, namely, retrograde menstruation in 1921,
which has been highly questioned and challenged (Sampson,
1927). Because endometrial fragment reflux into the peritoneal
cavity occurs in 90% of women and only 10% of women have
endometriosis (Halme et al., 1984), other causative factors likely
play roles in the development and progression of the disease.
Although the pathogenesis of endometriosis is largely elusive,
many cell migration and invasion-related molecules have been
reported to be associated with endometriosis disease progression
(Lagana et al., 2019).

Transcription factors (TFs) are a class of proteins that can
regulate transcription by binding to the activator or promoter
regions of DNA and control gene expression through various
mechanisms (Gill, 2001). Previous studies have shown that TFs
can play different regulatory roles and are characteristic of high
selectivity in different tissues and diseases (Neph et al., 2012).
Many researches have exhibited that TFs play a significant role
in the occurrence and development of cancer (Frisch et al., 2017;
Kotarbaetal., 2018; Huh et al., 2019). The transcription products,
coding RNAs and non-coding RNAs (ncRNAs), were verified that
they could also take part in the process of transcription. Some
ncRNAs were closely related to TFs and they could also regulate
the function of TFs in some diseases (Feng et al., 2006; Long
et al., 2017; Guo et al,, 2019). Endometriosis is a sort of benign
disease but with the invasion mechanism of malignant tumor.
The research of ncRNAs in endometriosis has been extensive, but
the research on TFs is still rare. Therefore, it is crucial to study
the role of TFs and related pathways in endometriosis which
is beneficial for exploring the mechanism of endometriosis and
detecting more effective therapeutic targets.

MATERIALS AND METHODS

Data Downloading and Processing

We searched three TFs online datasets and downloaded 1639 TFs
from Catalog of Inferred Sequence Binding Preferences (CIS-
BP) Database (Weirauch et al., 2014), 1665 TFs from Human
Transcription Factor Database (Human TFDB) (Hu et al,, 2019),
and 1639 TFs from The Human Transcription Factors Database
(Lambert et al., 2018). The intersection of TFs from these three
databases would be put into our research of endometriosis.
We searched “endometriosis” in Gene Expression Omnibus

(GEO) (https://www.ncbi.nlm.nih.gov/geo) and acquired four
GEO datasets (GSE6364, GSE7305, GSE51981, and GSE120103)
after filtrating. The gene symbols of the data were matched
with the corresponding GEO platforms (GPL). The raw data of
GSE6364, GSE7305 and GSE51981 which applied the GPL570
were reading and normalized by ReadAffy and rma method,
respectively, in Affy R package (version 1.62.0) (Gautier et al.,
2004) and the data of GSE120103 was chosen series matrix
file to download. The version of R used in our research
was 3.6.0.

Identification of DETFs in Endometriosis
We selected the gene expression data of GSE6364 and GSE7305
and divided the data into the endometriosis group and the
control group, respectively. Limma R package (version 3.42.2)
(Ritchie et al., 2015) was used to perform the differential
expression analysis of genes between the endometriosis group
and the control group at first. The results were then intersected
with TFs from three databases to obtain the co-upregulated
DETFs and co-downregulated DETFs.

Enrichment Analysis

The conversion from gene symbol to Entrez ID before
enrichment analysis was applied by org.Hs.eg.db R package
(version 3.8.2) (Carlson et al., 2013). The enrichment analysis
of Gene Ontology (Go) terms mainly includes three domains:
biological process, cellular component and molecular function.
ClusterProfiler R package (version 3.12.0) (Yu et al., 2012) was
used to carry out the enrichment analysis of Go terms and
Kyoto encyclopedia of genes and genomes (KEGG) pathways
on DETFs.

The Establishment and Analysis of

Protein-Protein Interaction Network
Protein-protein interaction (PPI) analysis of DETFs was
performed base on the STRING online database (https://
string-db.org) which integrates the interaction information of
multitudinous proteins. Cytoscape (version 3.7.1) was used to
customize and analyze the PPI network. The cytoHubba app
(Chin et al., 2014) in Cytoscape was used for calculating the hub
TFs by MCC algorithm and the MCODE app (Bader and Hogue,
2003) was applied to set up the sub-network.

Statistical Analysis

The comparison method between the expression of DETFs in
infertile and fertile endometriosis was Student’s t-test. The one-
way analysis of variance (one-way ANOVA) was used to compare
the expression of DETFs in early secretory, mid-secretory
and proliferative phase of endometrium in endometriosis. The
plotROC R package (version 2.2.1) (Sachs, 2017) was used to
evaluate the sensitivity and specificity of TF in the diagnosis
of endometriosis. All cut-off p-value was set as P < 0.05 in
our research.
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represents a TF and each column represents a sample.

FIGURE 1 | Identification of 54 DETFs in endometriosis. (A) Identification of 1507 TFs from three TFs databases (CIS-BP, Human TFDB and The Human Transcription
Factors). (B) Identification of 37 up-regulated DETFs from GSE6364 and GSE7305. (C) Identification of 17 down-regulated DETFs from GSE6364 and GSE7305. (D)
The heatmap of 54 DETFs in GSE6364. Each row represents a TF and each column represents a sample. (E) The heatmap of 54 DETFs in GSE7305. Each row
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RESULTS

Identification of DETFs in Endometriosis

A total of 1,507 TFs were collected from the intersection of
three TFs databases (CIS-BP, Human TFDB and The Human
Transcription Factors) (Figure 1A). Then the gene expression
datasets of endometrial samples with or without endometriosis
(GSE6364 and GSE7305) were normalized and removed batch

effect. We acquired 3,751 DEGs from GSE6364 and 10,341
DEGs from GSE7305 by limma R package. The results were
then intersected with 1,507 TFs and 54 DETFs (37 up-regulated
DETFs and 17 down-regulated DETFs) were obtained in
endometriosis at the end (Figures 1B,C). The list of 54 DETFs
was exhibited in Table 1. From the heatmap of 54 DETFs in
GSE6364 and GSE7305, we found the samples could be divided
into endometriosis and control group distinctly (Figures 1D,E).
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TABLE 1 | The exhibition of 54 DETFs (37 up-regulated DETFs and 17
down-regulated DETFs) in endometriosis.

DETFs TF lists

FOXO4, MLXIPL, SPI1, ZNF205, VDR, POU2F2, ZNF793,
ETV7, ZNF418, ZNF671, ARX, MSC, FOXC1, ZNF646, TBX1,
ATF5, THAPG, POUGF1, MAFG, FOXK1, MYRF, THAP3,
ZNF182, THAP2, ATF4, MEOX1, LYL1, NR5A1, RUNX2,
GLI3, DMRTA1, ESR2, ZNF524, NROB1, NFATC2, BATF, and
THRA

SOX5, IRF6, EN2, HOXBS8, ZBTB18, SREBF1, ZNF764,
OVOL2, SOX13, FOXF1, PLAGL2, ZNF750, MYSM1,
ZSCAN16, ZIC3, ZNF513, and ZNF236

Up-regulated

Down-regulated

The Expression of DETFs in Different
Phases of the Endometrium

To examine the expression of DETFs in different phases
of endometrium in endometriosis, we found a GEO dataset
(GSE51981) which contained the expression of TFs in the
early secretory phase (15-19 days of the menstrual cycle), the
mid-secretory phase (20-23 days of the menstrual cycle) and
the proliferative phase (5-14 days of the menstrual cycle) of
endometrium in endometriosis. We compared the expression of
up-regulated DETFs and down-regulated DETFs in these three
phases of endometrium, respectively. We found the expression of
almost all up-regulated DETFs were gradually increased from the
early secretory and the mid-secretory to the proliferative phase
with P < 0.05 (Figure 2A). On the contrary, the expression of
down-regulated DETFs was gradually decreased from the early
secretory and the mid-secretory to the proliferative phase with
P<0.05 (Figure 2B).

The Expression of DETFs in the
Endometrium of the Infertile and Fertile

Females

Furthermore, we compared the expression of up-regulated
DETFs and down-regulated DETFs in the endometrium of the
infertile and fertile females with endometriosis in GSE120103.
The results showed that the majority of up-regulated DETFs
increased expression in the endometrium of the infertile females
with P < 0.05 (Figure 3A). However, the down-regulated DETFs
exhibited decreased expression in the endometrium of the
infertile females with P < 0.05 (Figure 3B). Strangely, the ATF4
exhibited a reverse trend with up-regulated DETFs in different
condition of the endometrium.

The Enrichment Analysis of DETFs

To further study the 54 DETFs, Go terms enrichment analysis
and KEGG pathways enrichment analysis were implemented.
The Go function of the DETFs was mainly enriched on stem
cell differentiation, transcription factor complex, DNA-binding
transcription activator activity, DNA-binding transcription
repressor activity, and steroid hormone receptor activity. The
KEGG pathways of DETFs were enriched on herpes simplex
virus, and cortisol synthesis and secretion (Figure 4).

Identification of Hub TFs and

Sub-networks

The list of 54 DETFs was uploaded to STRING online database
and then the PPI network was visualized on these DETFs by
Cytoscape. The finally PPI network concluded 27 nodes and
31 edges (Figure 5A). Two hub TFs (RUNX2 and BATF) were
picked out from 27 nodes by the MCC algorithm in cytoHubba
of Cytoscape (The filtered score of hub TF was >5). We also
acquired two sub-networks (BATEF-SPI1-POU2F2 and GLI3-
FOXF1-ZIC3-NROB1-ESR2-SREBF1) from the PPI network of
54 DETFs (Figures 5B,C). The Receiver Operating Characteristic
(ROC) analysis was used to evaluate the sensitivity and specificity
of RUNX2 and BATF for the diagnosis of endometriosis. The
Area Under Curve (AUC) of RUNX2 in GSE6364 and GSE7305
was 0.70 and 0.90, respectively (Figure5D). The AUC of
BATF in GSE6364 and GSE7305 was 0.68 and 0.99 respectively
(Figure 5E). These results meant that RUNX2 and BATF had
certain value in diagnosing endometriosis.

DISCUSSION

Endometriosis is characterized by chronic pain, infertility and
recurrence, which causing long-term physical and psychological
effects on women. Although endometriosis is a kind of benign
disease, the growth pattern of it is very similar to malignant
tumor. However, the exact cause of endometriosis is still unclear
and the current treatments of endometriosis always have some
flaws. Previous studies on endometriosis have mainly focused
on genes, microRNAs, IncRNAs or circRNAs. Nevertheless, the
research of TFs which could participate in regulating the process
of transcription from genes to above-mentioned RNAs was
limited. As a group of proteins, TFs" function is not limited to
transcription regulation, but also can be used as drug targets
which could play a crucial role in the treatment of cancer or
other diseases (Gronemeyer et al., 2004; Overington et al., 2006).
Therefore, it is extremely urgent to study the expression of TFs
in endometriosis and it is beneficial to seek drug targets for the
therapy of endometriosis.

With the rapid development of the high-throughput detection
techniques and various databases, more and more researches are
focus on bioinformatics analysis which can also be the basics of
molecular biology experiment. This research mainly employed
bioinformatics methods to identify DETFs in endometriosis
and analyze the expression of DETFs both in different phases
of the endometrium and in the endometrium of the infertile
and fertile females. The enrichment analysis and PPI also
were performed on DETFs to explore valuable hub TFs and
pathways in endometriosis. To get accurate gene names of TFs,
we searched three TFs databases (CIS-BP, Human TFDB and
The Human Transcription Factors). In total, 1,507 repetitive
TFs were selected from these three databases. We also chose
two GEO datasets to perform the differential analysis of
genes and got the intersection of the above two DEGs and
1,507 TFs. Eventually, we got 54 DETFs concluding 37 up-
regulated DETFs and 17 down-regulated DETFs to implement
the further analysis.
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FIGURE 2 | The expression of DETFs in different phases (early secretory phase, mid-secretory phase and proliferative phase) of the endometrium with endometriosis.
(A) The expression of up-regulated DETFs in different phases of the endometrium. (B) The expression of down-regulated DETFs in different phases of the
endometrium. (The statistical method between multivariate groups was the one-way ANOVA. *, P < 0.05; **, P < 0.01; ***, P < 0.001; ***, P < 0.0001).

In different phases of the endometrium with endometriosis,
the up-regulated DETFs exhibited the highest expression in
the proliferative phase and the lowest expression in the
early secretory phase of the endometrium. However, the
down-regulated DETFs presented the opposite situation. We
considered that this phenomenon might have something to
do with the levels of various hormones in different phases
of the endometrium. In the proliferative phase, the estrogen
plays a leading role and in the mid-secretory phase, the
progestin has a peak and estrogen has a second peak. In
endometriosis, the balance between estrogen and progesterone is
interrupted, exhibiting the phenomenon of estrogen dominance
and progesterone resistance (Marquardt et al., 2019). Estrogen
is characterized by promoting epithelial proliferation and some
DETFs are exactly associated with the cell differentiation and
DNA transcription in the result of enrichment analysis which
could affect epithelial proliferation (Boxer et al., 2014). On the
contrary, progestin could restrain the proliferation and block

estrogen-induced DNA synthesis (Pan et al., 2006), but the
decrease of DETFs expression was not as obvious as the early
secretory phase which might be due to the second peak of
estrogen. Meanwhile, these hormones all show low levels in the
early secretory phase which may cause that the up-regulated
DETFs exhibit the lowest expression in this phase.

In infertile or fertile females with endometriosis, almost all
up-regulated DETFs were high expression in infertile females
and only six down-regulated DETFs were differentially expressed
in these two groups. In addition to the effects of hormones
on infertility (Practice Committee of the American Society
for Reproductive M, 2006), many other factors [such as
inflammation, immune, growth and angiogenic factors, and
aberrantly expressed genes (Gupta et al., 2008; Macer and
Taylor, 2012)] are also involved. These factors might affect
the expression of TFs, or it can be said that they and TFs
were co-expressed to cause infertility simultaneously. André
GM et al. verified that FOXP3 polymorphisms, a sort of TFs,
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FIGURE 3 | The expression of DETFs in the endometrium of the infertile and fertile females with endometriosis. (A) The expression of up-regulated DETFs in the
endometrium of the infertile and fertile females. (B) The expression of down-regulated DETFs in the endometrium of the infertile and fertile females. (The statistical
method between the two groups was Student’s t-test. *, P < 0.05; **, P < 0.01; **, P < 0.001; ***, P < 0.0001).

had an association with endometriosis and idiopathic infertility
which would demonstrate that endometriosis was a kind of
autoimmune disease (Andre et al., 2011). Another TF, STAT4,
was also been linked to endometriosis-related infertility by
Zamani et al. (2016). In our research, NR5A1 was high expression
in the infertile females with endometriosis and it had the ability
to transfer an endometrial stromal cell to an endometriotic-like
cell with GATA6 simultaneously by the study of Bernardi et al.
(2019). In the meantime, ESR2 also exhibited high expression
and studies had proved that ESR2 could influence susceptibility
to endometriosis with infertility (Lamp et al., 2011).

However, some DETFs (such as ATF4 and ZIC3) showed the
opposite tendency from the same group DETFs in the above two
analyses. But the results were supported by relevant researches.
ATF4 participated in the process that the endoplasmic reticulum
stress inducing by dienogest suppressed the proliferation and
invasiveness of endometriotic stromal cells (Choi et al., 2020).
From the research, we could assume that the high expression
of ATF4 might play a role in inhibiting the proliferation of

endometriosis. This was consistent with our findings that ATF4
was high expression in the non-proliferative phase and low
expression in the proliferative phase. In the research of Brenjian
et al. the expression level of ATF4 elevated in the course of
resveratrol treating patients with PCOS which was an important
cause of infertility (Brenjian et al., 2020). So was our study,
ATF4 had a higher level in the fertile than infertile patients
with endometriosis.

We summed up the results of Go terms enrichment analysis
on 54 DETFs and found that the Go terms were mainly enriched
in four aspects (the differentiation of stem cell, lymphocyte and
epidermal cell, embryonic development, DNA transcription, and
transcription factor related terms). These terms were closely
related to the proliferation of the endometrium. Therefore, the
research of TFs on endometrial related diseases was essential.
Maybe we could start with DETFs to study the targets for treating
endometriosis. At the same time, the KEGG pathways linking
to 54 DETFs were herpes simplex virus(HSV) 1 infection and
cortisol synthesis and secretion. As we have known, HSV is the
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FIGURE 4 | The Go terms and KEGG pathways enrichment analysis of 54 DETFs in endometriosis. The Go terms conclude the biological process, cellular
component and molecular function. The horizontal axis represents the number of TFs enriched in each term (P < 0.05).

chief culprit of the infection about oro-facial areas and genital
tracts. But Farsimadan et al. considered that HSV correlated
with infertility (Farsimadan and Motamedifar, 2020). Therefore,
affecting the endometrium might be one reason for HSV causing
females infertility. Another KEGG pathway was cortisol synthesis
and secretion, which signified that DETFs took part in the process
of cortisol synthesis and secretion. Too much cortisol could
inhibit pituitary gonadotropin and cause menstrual irregularity
(Newell-Price et al,, 2006). Thiruchelvam et al. had proved
that cortisol played a role in menses and endometrial repair
by regulating angiogenesis (Thiruchelvam et al., 2016). These
researches explained that there were indeed differences in the
expression of TFs in different phases of the endometrium by
affecting the synthesis and secretion of sex hormones.

By the PPI analysis, we found two hub TFs (RUNX2 and
BATF) and they had significant differences in the analysis of
different phases of the endometrium and the analysis of infertile
and fertile females with endometriosis. At the same time, two
sub-networks were recognized and one of the sub-networks
was BATF-SPI1-POU2F2. The BATF-SPI1-POU2F2 happened to
contain BATF hub TF. We found the sub-network was associated
with lymphocyte differentiation, leukocyte differentiation and

DNA-binding transcription activator activity. The differentiation
of lymphocytes and white blood cells is mainly stimulated
by inflammation, which also confirmed that inflammation was
closely related to the pathophysiology of endometriosis (Samimi
et al., 2019).

RUNX2, a member of the Runx family, encodes a nuclear
protein that plays a key role in osteoblastic differentiation
and skeletal morphogenesis. Researches had shown that
RUNX2 participates in the processing of stromal proliferation,
differentiation, and remodeling in the course of decidualization
(Athilakshmi et al., 2009). Gellersen et al. considered that
aberrant decidualization was involved in the pathogenesis
of endometriosis (Gellersen and Brosens, 2014). The
decidualization of endometrial stromal cells in endometriosis
was confirmed to be destroyed (Aghajanova et al, 2010).
Heitmann et al. also verified that the impairment of normal
decidual response correlated with implantation failure and
menstrual disturbances in endometriosis (Heitmann et al., 2014).
BATF is a member of the AP-1 superfamily of transcription
factors. Studies had shown that BATF could play a crucial role
in lymphocyte, such as the CD8+ T cell (Kurachi et al., 2014),
the CD4+ T cell (Li et al., 2012) and follicular helper T cells
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FIGURE 5 | Identification of PPI networks with 54 DETFs. (A) The construction of the PPI network concluding 27 nodes and 31 edges. Each node represents a
protein and each edge represents the interaction between two proteins. (B) Identification of BATF-SPI1-POU2F2 sub-network by MODE app in Cytoscape. (C)
Identification of GLI3-FOXF1-ZIC3-NROB1-ESR2-SREBF1 sub-network by MODE app in Cytoscape. (D) The ROC analysis of the sensitivity and specificity for the
diagnosis of endometriosis based on RUNX2 in GSE6364 (left) and GSE7305 (right). (E) The ROC analysis of the sensitivity and specificity for the diagnosis of
endometriosis based on BATF in GSE6364 (left) and GSE7305 (right).

(Sahoo et al., 2015) which are all important cells in the immune
system and are closely related to inflammation. Therefore, we
had reasons to speculate that RUNX2 and BATF also played a
role in the mechanism of endometriosis. At the same time, we
calculated the diagnostic value of two hub DETFs (RUNX2 and
BATF) for endometriosis. The results showed that RUNX2 and
BATF were characterized by high specificity and sensitivity in
the diagnostic of endometriosis. This could further confirm the

role of hub DETFs in endometriosis and help us discover new
biomarkers for endometriosis in the future.

CONCLUSION

We screened out 54 DETFs and found the majority of
DETFs exhibited abnormal expression in different phases of the
endometrium and infertile or fertile females with endometriosis.
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Meanwhile, the GO terms and KEGG pathways related to DETFs
of endometriosis mainly enriched in stem cell differentiation,
transcription activity, steroid hormone receptor activity and
herpes simplex virus. Besides, two hub TFs and two sub-networks
were discovered in our research. The high diagnostic value
of RUNX2 and BATF had also been exhibited. The results
of our research would benefit to discover new mechanisms
of endometriosis and lay the foundation for detecting new
biomarkers and effective therapeutic targets for endometriosis. In
the future, we still need more experiments to verify the results.
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