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Abstract

Objective
To determine the potential diagnostic markers and extent of immune cell in�ltration in endometriosis
(EMS).

Methods
From the Gene Expression Omnibus database (GEO), we downloaded two published pro�les (GSE7305
and GSE25628 datasets) of human EMS and endometrial specimens. Differential genes between 17 EMS
and 19 endometrial samples were compared. Candidate biomarkers were identi�ed by support vector
machine recursive feature elimination analysis and a Lasso regression model. The area under the receiver
operating characteristic curve value represented the discriminatory biomarkers. The diagnostic value and
expression levels of biomarkers in EMS were veri�ed by quantitative reverse transcription polymerase
chain reaction (qRT-PCR) and western blotting, then further validated in the GSE5108 dataset that
included 11 eutopic and 11 ectopic endometria. On the basis of the merged cohorts, we used CIBERSORT
to estimate the composition pattern of immune cell components in EMS.

Results
Fifty-three genes were identi�ed in cells from benign neoplasms, polycystic ovary syndrome, gallbladder
carcinomas, and adenomas. Gene sets related to arachidonic acid metabolism, cytokine–cytokine
receptor interactions, complement and coagulation cascades, chemokine signaling pathways, and
systemic lupus erythematosus were differentially activated in EMS compared with endometrial samples.
Aquaporin 1 (AQP1) and ZW10 binding protein (ZWINT) were identi�ed as diagnostic markers of EMS,
which were veri�ed using qRT-PCR and western blotting and validated in the GSE5108 dataset. Immune
cell in�ltrate analysis showed that AQP1 and ZWINT were correlated with M2 macrophages, NK cells,
activated dendritic cells, T follicular helper cells, regulatory T cells, memory B cells, activated mast cells,
and plasma cells.

Conclusion
AQP1 and ZWINT can be regarded as diagnostic markers of EMS and may provide a new direction for the
study of EMS pathogenesis in the future.

Introduction
Endometriosis (EMS) is de�ned as the presence of ectopic endometrial glands and stroma outside of the
uterine cavity and affects 6–10% of reproductive-aged women. Women with EMS can have symptoms of
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dyspareunia, dysmenorrhea, irregular uterine bleeding, and chronic pelvic pain [1–3]. Although medical
therapies can relieve symptoms in up to 50–80% of cases, residual symptoms are still present in at least
20% of patients [4–7]. Decreased quality of life, increased surgical intervention, and increased use of
assisted reproductive technology caused by EMS result in high social costs [8]. Thus, EMS has become a
critical social problem that needs to be addressed.

EMS is similar to malignancies in certain respects. Both show estrogen-dependent growth, invasive
growth and progression, and recurrence, and both have a tendency to metastasize [9, 10]. EMS can be
divided into four disease stages on the basis of the amount, severity, location, and depth or size of
growths: minimal disease (stage I), mild disease (stage II), moderate disease (stage III), and severe
disease (stage IV) [11, 12]. Furthermore, EMS in�ltration of more than 5 mm under the peritoneum is
de�ned as deep EMS (DE) [13]. However, this classi�cation cannot be used to predict clinical outcomes,
symptomatology, or pain [14]. Medical professionals dealing with EMS face many issues regarding the
diagnosis, treatment, and follow-up of patients, and EMS has the highest incidence rate among benign
gynecological disorders in premenopausal women [15, 16]. External endometrial lesions are common in
the pelvic peritoneum and ovary, and can also be found in abdominal scars, bladder, ureter, intestines, and
appendix, but are rare in the brain and eye [4, 5]. DE is a nodular form that can coexist in the pelvis[17,
18]. Therefore, it is very di�cult to treat when EMS invades the surrounding organs such as the bladder or
rectum. Most deep rectovaginal lesions are thought to originate from the posterior part of the cervix,
followed by in�ltration into the anterior wall of the rectum [19–21]. The invasion process dominated by
collective cell migration is considered the most invasive form of DE [22, 23]. Adenomyosis of cervix may
be the cause of DE, which has been veri�ed from the invasion of the cervix (lesion center) to the rectum
(lesion front) [24]. In fact, collective cell migration and epithelial–mesenchymal transformation may be
closely related to the pathogenesis of endometriotic nodules and adenomyosis [25].

Although there are increasing numbers of studies on EMS immune regulation, its speci�c mechanism
remains unclear. In our paper, two EMS microarray datasets were downloaded from the Gene Expression
Omnibus (GEO) database and merged them into a meta-data cohort. A differential expression gene (DEG)
screen was performed comparing EMS with control (normal endometrium) data. Diagnostic biomarkers
of EMS were �ltered and identi�ed with machine-learning algorithms. Another cohort was used to identify
and validate candidate genes that were closely related to immune cell in�ltration, and then the diagnostic
prediction model was constructed by a regression method. Our study is the �rst to use CIBERSORT to
quantify the proportions of immune cells in EMS or endometrial tissues on the basis of their gene
microarray data. In addition, the correlation between the in�ltrating immune cells and identi�ed
biomarkers was discussed for its potential contribution to future studies.

Materials And Methods
Microarray data
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We downloaded GSE7305 (GPL570, Affymetrix Human Genome U133 Plus 2.0 Array) and GSE25628
(GPL571, Affymetrix Human Genome U133 Plus 2.0 Array) datasets from the GEO database. The
GSE7305 dataset included 10 ectopic and 10 eutopic endometria, and the GSE25628 dataset included 7
ectopic and 9 eutopic endometria. Eutopic and ectopic endometria were obtained from the same patients,
and for each patient the eutopic endometrium from the uterus served as the control for their ectopic
endometrial sample. According to each dataset probe annotation �le, the probes were changed into gene
symbols. Because one gene symbol corresponded to multiple probes, the �nal expression value of the
gene was considered according to the average value of the probe. The batch effect was removed with the
combat function of the surrogate variable analysis package of R software [26]. Furthermore, the GSE5108
dataset (Illumina HumanWG-6 v3.0 expression beadchip) contained 11 eutopic and 11 ectopic
endometria and was used as the validation cohort.

DEG screening and data processing

GSE7305 and GSE25628 were merged into one meta-data cohort, while batch effects were preprocessed
and removed with the combat function of the surrogate variable analysis package. The background
correction, endometrial uniformity, and differential expression analysis between arrays was performed
with the limma package of R. P < 0.05 and log fold change >2 was regarded as the critical cutoffs for
DEGs.

Functional enrichment analysis

Disease Ontology (DO), Gene Ontology (GO) and KEGG pathway enrichment analyses were executed with
the clusterPro�ler, org.Hs.eg.db, DOSE, and enrichplot packages in R. Signi�cant functional terms
between EMS and control samples were identi�ed with the gene set enrichment analysis (GSEA). c2.cp.
kegg. v7.4. symbols. gmt was used as the reference gene set. P < 0.05 and a false discovery rate < 0.025
were regarded as signi�cantly enriched.

Candidate diagnostic biomarker screening

We used two machine-learning algorithms to identify signi�cant prognostic variables. Least absolute
shrinkage and selection operator (LASSO) is a regression analysis algorithm that was performed by the
glmnet package in R to identify genes that could signi�cantly distinguish eutopic and ectopic endometria.
Another machine-learning technique that was used in our study was the support vector machine (SVM),
which was widely used for classi�cation or regression. A recursive feature elimination (RFE) algorithm
was used to select the appropriate genes to avoid over�tting [27]. Then, SVM-RFE was applied to select
features that identi�ed a set of genes with the highest discriminatory power. Candidate gene expression
levels were validated in the GSE5108 dataset using the two algorithms.

Diagnostic value of featured biomarkers

We generated a receiver operating characteristic (ROC) curve using the data from 17 ectopic and 19
eutopic endometria to test the predictive value of the identi�ed biomarkers. The diagnostic effectiveness
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was determined by the area under the ROC curve (AUC) value in discriminating EMS from endometria and
was further validated in the GSE5108 dataset.

Veri�cation of the diagnostic biomarker results

Endometriosis or matched control endometrium from the same patients were obtained from Beijing
Obstetrics and Gynecology Hospital, Beijing, China. All donors had not taken drugs and hormones before
surgery. All tissue samples were taken from tissues discarded during surgery after being approved and
informed by the ethics review committee of our hospital. Protein preparation, western blotting, RNA
isolation, and qRT-PCR were performed as described previously [28]. Rabbit monoclonal anti-human
aquaporin 1 (AQP1) (ab168387; Abcam) and ZW10 binding protein (ZWINT) (ab252950; Abcam)
antibodies were used in western blotting. The following primers were used for qRT-PCR: AQP1, sense 5′-
AGAGGGACCCACCTT GCTAA-3′ and anti-sense 5′-GCACAA AGCAATCACCGAGG-3′; ZWINT, sense 5′-
AACTCCGGG AAGCCTTTGAG-3′ and anti-sense 5′-TTCTGGACTGCTCTGC GTTT-3′. AQP1 and ZWINT
were expressed relative to GAPDH.

Discovery of immune cell subtypes

Immune cell in�ltration was calculated by CIBERSORT to quantify the relative proportion of in�ltrating
immune cells in EMS. The R software package corrplot was used to analyze and visualize 21 types of
invasive immune cells, and the R software package vioplot was used to construct a violin diagram to
visualize the differences in immune cell in�ltration between the two groups.

Correlation between identi�ed genes and in�ltrating immune cells

We used the Spearman’s rank correlation analysis in R to explore the correlations between the identi�ed
gene biomarkers and the levels of in�ltrating immune cells. The chart technique with the ggplot2 package
was used to visualize the identi�ed associations.

Statistical analysis

R 4.1.1 was used to conduct the statistical analyses. We used Student’s t-test or Mann–Whitney U-test to
undertake group comparisons for continuous variables of endometrium-distributed variables.SVM
algorithm was performed by the e1071 package in R, while the LASSO regression analysis was performed
by the glmnet package. The diagnostic e�cacy of the biomarkers was determined by ROC curve analysis.
We used Spearman’s correlation to analyze the correlation between in�ltrating immune cells and gene
biomarkers. Two-tailed tests with P < 0.05 were regarded as statistically signi�cant.

Results
Identi�cation DEGs for EMS 
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The data of 17 EMS and 19 endometria from GSE7305 and GSE25628 were retrospectively analyzed in
our study. Limma package was used to analyze the differences between the EMS and endometria and the
DEGs from the meta-data after the batch effects had been removed. Finally, 53 DEGs were obtained: 28
signi�cantly upregulated genes and 25 signi�cantly downregulated genes (Fig. 1).

Analysis of functional correlations

The function of the DEGs was investigated by GO, KEGG, and DO pathway enrichment analyses. We
found that GO enriched by DEGs was mainly associated with lung development, respiratory tube
development, complement activation, alternative pathway, and regulation of humoral immune response
of the biological process (BP), blood microparticles, myosin �lament of the cellular component (CC),
tubulin binding, and peptidase regulator activity of the molecular function (MF) (Fig.2A). Enriched KEGG
pathways were mainly associated with drug metabolism-cytochrome P450, tyrosine metabolism, and
complement and coagulation cascades (Fig. 2B). Moreover, the enriched diseases were mainly
associated with benign neoplasm, polycystic ovary syndrome, gallbladder carcinoma, and adenoma cell
types (Fig. 2C). The GSEA-enriched pathways were mainly associated with arachidonic acid metabolism,
cytokine–cytokine receptor interactions, chemokine signaling pathways, complement and coagulation
cascades, and systemic lupus erythematosus (Fig. 2D). The above results show that the immune
response is an essential part of the pathogenesis of EMS.

Identi�cation and validation of diagnostic biomarkers

Potential biomarkers of EMS were screened by two different algorithms. Seven diagnostic biomarkers
were identi�ed by the LASSO regression algorithm of the DEGs for EMS (Fig. 3A). We determined four
features among the DEGs using the SVM-RFE algorithm (Fig. 3B). The overlapping region obtained by the
two calculation methods included the two screened genes (AQP1 and ZWINT) (Fig. 3C). Then, the levels
of the two features were veri�ed in the GSE5108 dataset. The level of AQP1 in EMS tissues was notably
higher than that in the control group, while the level of ZWINT was the opposite (all P < 0.05; Fig. 4A, B).
Finally, a logistic regression algorithm was used to establish a diagnostic model with the two identi�ed
genes.

Veri�cation of differential gene expression Results

We veri�ed the results of the screened differential genes at the mRNA and protein level. The veri�cation
results revealed that the mRNA (Fig. 5A) and protein (Fig. 5B, C) levels of AQP1 in EMS were higher than
those in the control group, while the results of ZWINT were the opposite, consistent with the Gene Chip
data.

Diagnostic effect of characteristic EMS biomarkers

The diagnostic ability of the two biomarkers in discriminating EMS demonstrated a favorable diagnostic
e�ciency, with an AUC of 0.941 (95% con�dence interval (CI) 0.824–1.000) for AQP1 and an AUC of
0.954 (95% CI 0.864–1.000) for ZWINT (Fig. 6A, B). In addition, a powerful discriminatory ability was
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demonstrated in the GSE5108 dataset with an AUC of 0.785 (95% CI 0.570–0.950) for AQP1 and an AUC
of 0.860 (95% CI 0.636–1.000) for ZWINT (Fig. 6C, D). The above results indicated that the featured
biomarkers had a high diagnostic ability in EMS.

Immune cell in�ltration

First, we studied the composition of immune cells in the EMS and control groups. The proportions of T
follicular helper cells (P = 0.001), regulatory T cells (Tregs) (P = 0.028), activated NK cells (P < 0.001),
resting natural killer (NK) cells (P = 0.018), M2 macrophages (P < 0.001), activated dendritic cells (P =
0.012), and activated mast cells (P = 0.001) were signi�cantly lower in EMS tissues than in endometrial
tissues. Furthermore, the proportion of memory B cells (P < 0.001) and plasma cells (P < 0.001) in EMS
was evidently higher than that in endometrial tissues (Fig. 7A). 

The correlations of 21 types of immune cells were analyzed (Fig. 7B). Eosinophils were positively
correlated with activated NK cells, T follicular helper cells, and M1 macrophages, but negatively correlated
with M2 macrophages, activated dendritic cells, and memory B cells. T follicular helper cells were
positively correlated with Tregs and activated NK cells but negatively correlated with M2 macrophages.
Activated NK cells were positively correlated with T follicular helper cells but negatively correlated with
plasma cells, M2 macrophages, and memory B cells. Activated memory CD4 T cells were positively
correlated with resting activated NK cells but negatively correlated with M2 macrophages and monocytes.
Resting mast cells were positively correlated with activated NK cells but negatively correlated with
activated mast cells and M0 macrophages. Resting NK cells were positively correlated with activated
dendritic cells, Tregs, and activated memory CD4 T cells but negatively correlated with M2 macrophages.
Activated dendritic cells were signi�cantly positively correlated with activated memory CD4 T cells and
resting NK cells but signi�cantly negatively correlated with plasma cells, resting dendritic cells,
monocytes, and M1 macrophages. Naive B cells were positively correlated with Tregs, activated NK cells,
and T follicular helper cells but negatively correlated with memory B cells and plasma cells. Neutrophils
were signi�cantly positively correlated with activated M1 macrophages, M0 macrophages, and gamma-
delta T cells but negatively correlated with resting T follicular helper cells and mast cells.

Correlations between the biomarkers and in�ltrating immune cells

AQP1 was positively correlated with activated mast cells (r = 0.6, P = 0.00025), M2 macrophages (r =
0.52, P = 0.0027), memory B cells (r = 0.51, P = 0.0031), and plasma cells (r = 0.49, P = 0.0045), and
negatively correlated with follicular helper T cells (r = −0.58, P = 0.00061), activated NK cells (r = −0.51, P
= 0.003), Tregs (r = −0.42, P =0.016), and activated dendritic cells (r = −0.39, P = 0.028) (Figure 8A).
ZWINT was positively correlated with activated dendritic cells (r = 0.39, P = 0.025), activated NK cells (r =
0.54, P = 0.0019), T follicular helper cells (r = 0.5, P = 0.0043), and Tregs (r = 0.35, P = 0.05), and
negatively correlated with M2 macrophages (r = −0.63, P = 0.00017), activated mast cells (r = −0.61, P =
0.00022), memory B cells (r = −0.54, P = 0.0015), and plasma cells (r = −0.5, P = 0.0044; Fig. 8B).
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Discussion
EMS is a progressive disease that is mainly manifested over three aspects: the gradual aggravation of
dysmenorrhea, the gradual increase in EMS cysts, and the gradual increase in EMS stage. It is very
important to intervene and delay its progress, but diagnosis is often delayed. The internationally agreed
de�nition of delayed diagnosis of EMS is the interval from the onset of pain symptoms to the surgical
diagnosis of EMS, and the delay time of EMS diagnosis ranges 4–10 years [29–31]. At present, the
diagnostic process in EMS is generally to visit a doctor after dysmenorrhea symptoms, undergo
gynecological and auxiliary examinations, and receive a diagnosis after laparoscopic surgery and
postoperative pathological examination. The clinical diagnosis of EMS (non-surgical diagnosis) has a
certain value, but the gold standard for EMS diagnosis is surgery and postoperative pathological
examination. The reasons for the delay in the diagnosis of EMS are controversial. Studies found that the
main reasons for the delay in the diagnosis of EMS are the patients' insu�cient attention to
dysmenorrhea, the doctors' insu�cient understanding of EMS, the lack of non-invasive diagnostic
methods, and the limitations of surgical diagnosis [30, 32, 33]. Diagnosis delay is an important clinical
problem affecting the diagnosis and treatment of patients with EMS. It will not only delay treatment and
miss the best treatment opportunity, but also lead to the progression of EMS to a certain extent, increase
the degree of pain and the probability of infertility, and also increase the di�culty and trauma of surgery.
Thus, it is very important to identify early diagnostic markers that could play an important role in the
diagnosis and treatment of EMS. In recent years, an increasing number of researchers have searched for
new diagnostic biomarkers of EMS and explored the components of immune cell in�ltrates in EMS, which
may have a bene�cial impact on the clinical results of EMS patients. Moreover, mRNA and microRNA
have become promising biomarkers in EMS. Further, only a few studies have investigated the abnormal
expression of gene biomarkers and endometrial immune in�ltration in EMS. Therefore, the purpose of this
study was to identify candidate diagnostic biomarkers for EMS and to study the effect of immune cell
in�ltration in EMS.

As far as we know, our study is the �rst to identify diagnostic biomarkers associated with immune cell
in�ltrates in EMS by mining multiple GEO datasets. An integrated analysis of GSE7305 and GSE25628
datasets from GEO was conducted. Fifty-three DEGs were identi�ed, comprising 28 upregulated and 25
downregulated genes. We found that GO enrichment was mainly associated with lung development,
respiratory tube development, complement activation, alternative pathway, regulation of humoral immune
response of the BP, blood microparticles, myosin �lament of the CC, tubulin binding, and peptidase
regulator activity of the molecular function. KEGG pathway enrichment was mainly associated with drug
metabolism-cytochrome P450, tyrosine metabolism, and complement and coagulation cascades. The
diseases enriched were mainly associated with benign neoplasm, polycystic ovary syndrome, gallbladder
carcinoma, and adenoma cell types. The GSEA-enriched pathways were mainly associated with
cytokine–cytokine receptor interactions, arachidonic acid metabolism, chemokine signaling pathways,
systemic lupus erythematosus, and complement and coagulation cascades. All of the results indicated
that the immune response plays a crucial role in EMS.
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We identi�ed two diagnostic markers using two machine-learning algorithms. AQPs are a group of
glycoproteins that selectively transport transmembrane molecules. They are found in the uterus, ovary,
fallopian tube, and other parts of the female reproductive organs, and are involved in the ovulation of
follicles, menstruation, and the occurrence and development of malignant tumors or benign
gynecological diseases with malignant behavior. When the endometrium changes, the expression of AQP
is abnormal [34]. At present, 13 members of the AQP family have been identi�ed, AQP0–12, among which
AQP1 and AQP5 are mostly related to disease [35]. AQP1, the �rst-discovered AQP, is a transmembrane
tetramer composed of four monomers with a molecular weight of approximately 112 kDa. Narváez-
Moreno et al. con�rmed that the expression level of AQP1 in benign lesions was higher than that in
malignant lesions [36]. Colombelli et al. showed that AQP1 is mainly distributed in vascular endothelial
cells and that a decrease in AQP1 would lead to a decrease in microvessel density, indicating that AQP1
can promote angiogenesis and be used as a marker of EMS invasion [37].

ZWINT is a component of a known centromeric complex that is composed of 278 amino acids. It can
speci�cally bind to 80 amino acid residues at the N-terminal of the ZW10 protein, and it plays an
important role in regulating mitosis and chromosome movement as well as regulating the cell cycle [38,
39]. Studies have shown that ZWINT is necessary for the assembly of spindle assembly checkpoint, and
this checkpoint protein is a complex formed by a variety of binding proteins connecting chromosome
centromeres and spindle tubulin, which plays an important role in accurate chromosome allocation in
progeny cells [40, 41]. If the checkpoint protein is defective, it can lead to chromosome aneuploidy
separation and even carcinogenesis [42]. EMS is a benign disease with malignant tumor characteristics,
and the levels of ZWINT in EMS are lower than those in the endometrium. Thus, we consider that ZWINT
may play a crucial role in the pathogenesis of EMS.

We used CIBERSORT to evaluate the type of immune cell in�ltrates in EMS and endometrial samples. The
results show that many immune cell subtypes are closely related to the biological process of EMS. An
increased in�ltration of M2 macrophages, activated mast cells, memory B cells, and T follicular helper
cells, as well as a decreased in�ltration of T follicular helper cells, activated dendritic cells, activated NK
cells, and Tregs, were shown to be potentially associated with the pathogenesis of EMS. And, the results
showed that AQP1 and ZWINT were correlated with memory B cells, activated mast cells, M2
macrophages, T follicular helper cells, activated dendritic cells, Tregs, and activated NK cells. In fact, the
various immune cells in the abdominal cavity environment improve the invasive and adhesive abilities of
endometrial cells, including dendritic cells, macrophages, mast cells, NK cells, and T cells, which can lead
to ectopic endometrium �owing back into the pelvic and abdominal cavities with menstrual blood [43].
During the menstrual cycle, endometrial-like tissue can spread outside its endometrial location [44, 45].
These lesions attract cytotoxic T cells, macrophages, and NK cells [46, 47]. Subsequently, the activation
of the in�ammatory response promotes the secretion of cytokines and chemokines in the abdominal
cavity to create a microenvironment and induce the development of ectopic endometrial tissue by
promoting local angiogenesis and destroying the process of endometrial apoptosis [48]. The large
amount of evidence mentioned above as well as our current results show that several types of invasive
immune cells have a crucial role in EMS and should be investigated further in future studies.
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While, this research also has some limitations. First, because of the retrospective nature of our research,
we could not obtain the clinical information associated with the samples. Second, the biomarker and
immune cell pro�les of the tissues were collected from two different datasets, and hence it is important to
further validate their reproducibility. Third, the total cases in the GSE5108 validation cohort were small,
thus contributing to less robust results. Finally, the function of the two biomarkers and the role of immune
cell in�ltrates in EMS were inferred through bioinformatics analyses, and therefore a prospective study
with a larger sample size should be performed to con�rm our �ndings.
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Figure 1

DEGs between EMS and endometrial samples. A. Heat map. B. Volcano map.
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Figure 2

GO, KEGG, DO, and GSEA pathway enrichment. (A) GO enrichment analysis. (B) KEGG enrichment
analysis. (A) DO enrichment analysis. (D) GSEA enrichment analysis.
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Figure 3

The process of screening diagnostic biomarker candidates for endometriosis. (A) Results of the LASSO
regression algorithm of the DEGs for EMS. (B) Results of the SVM-RFE algorithm among the DEGs. (C)
Venn diagram of the two different algorithms.
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Figure 4

Expression of the two biomarkers in the GSE5108 dataset. (A) AQP1. (B) ZWINT.

Figure 5

Results of differential gene expression of AQP1 and ZWINT at the mRNA and protein level between EMS
and control samples. A. RT-PCR results. B. Western blotting results. C. Densitometry of the western blot.
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Figure 6

The diagnostic effectiveness of the two markers was represented by the receiver operating characteristic
(ROC) curve. (A) AQP1. (B) ZWINT. (C) AQP1 in the GSE5108 dataset. (D) ZWINT in the GSE5108 dataset.
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Figure 7

Visualization and distribution of immune cell in�ltrates. (A) Composition of immune cells in the EMS and
control groups. Blue and red colors represent control and EMS samples. (B) Correlation matrix results of
the immune cells.
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Figure 8

Correlation between the two biomarkers and in�ltrating immune cells in endometriosis. (A) AQP1. (B)
ZWINT.


