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Abstract. Endometriosis is a common gynecological disease, 
affecting 6‑10% of women of reproductive age. The precise 
mechanisms underlying the development of endometriosis 
remain unclear. In the present study, a bioinformatics approach 
was applied to systematically identify the pathways and 
genes involved in the development of endometriosis and to 
discover potential biomarkers. The gene expression profiles 
of GSE6364, a microarray dataset of endometrial biopsies 
obtained from women with or without endometriosis, was 
downloaded from the Gene Expression Omnibus DataSets 
database that stores original submitter‑supplied records 
(series, samples and platforms), as well as curated datasets. 
Differentially expressed gene (DEG) analysis was performed 
with GEO2R. DAVID was used to analyze the gene ontology 
enrichment of the DEGs. Gene Set Enrichment Analysis 
(GSEA) was conducted using the GSEA v3.0 software. 
Protein‑protein interactions (PPI) were evaluated with the 
Search Tool for the Retrieval of Interacting Genes, and PPI 
network visualization was performed with Cytoscape. In 
addition, Cell Counting kit‑8 and Transwell assays were 
performed on human endometrial stromal cells (HESCs). A 
total of 172 DEGs were extracted. Inflammatory response 
genes were significantly upregulated in the endometriosis 
tissues and C‑X‑C motif chemokine receptor 2 (CXCR2), was 
one of the most up‑regulated genes according to DEG analysis. 
Cell‑based experiments confirmed that CXCR2 promoted the 
proliferation, migration and invasion of HESCs. In conclusion, 
a bioinformatics approach combined with in vitro experiments 
in the present study revealed that CXCR2 may be associated 
with the development of endometriosis and has potential as a 
biomarker for the diagnosis of endometriosis.

Introduction

Endometriosis is a common gynecological disease affecting 
6‑10% of women of reproductive age (1). It is characterized 
by the presence of endometrial glands and/or stroma outside 
of the uterine cavity, including the ovaries, ligaments of the 
uterus, fallopian tubes, cervical vaginal area, peritoneum, 
umbilicus and urinary tract  (2,3). The primary symptoms 
of endometriosis are pelvic pain and infertility, although 
other symptoms, including ovarian masses, dysmenorrhea, 
dyspareunia, irregular uterine bleeding and dysuria, are also 
common (1,4).

Various hypotheses have been postulated to explain 
the pathogenesis of endometriosis, including stem cell‑, 
metaplasia‑ and implantation‑based theories (3,5,6). However, 
the implantation theory is the most accepted one, which 
proposes that ectopic endometrioid lesions develop via 
the implantation of endometrial glands and/or stroma that 
are retrogradely transported into the pelvic cavity through 
menstrual blood. That is, the pathogenesis of endometriosis 
involves the adhesion, proliferation and invasion of endometrial 
cells and angiogenesis (7). Cytokines, angiogenic factors and 
adhesion promotion factors, including interleukin (IL)‑6, IL‑8, 
tumor growth factor‑β and vascular endothelial growth factor, 
contribute to cell attachment, proliferation and invasion, and 
neovascularization  (8,9). It is also considered that various 
factors, including inflammatory, genetic, epigenetic, hormonal, 
immune, anatomic and lifestyle factors, are associated with 
the etiology of endometriosis (6,10,11). However, despite the 
various hypotheses, the exact pathogenesis of endometriosis 
remains unclear.

Endometriosis is a chronic disease with a high risk of 
recurrence and histological analysis is the only definitive 
method of diagnosis  (12,13). Hormone therapy, medica-
tion and surgery can only alleviate the symptoms (14). As 
efficient diagnostic methods and treatments are lacking, 
patients with endometriosis typically experience severe 
symptoms and high medical expenses, which considerably 
influence their quality of life (12,13,15). Thus, it is important 
to explore the pathological mechanisms and identify more 
efficient biomarkers for the diagnosis and drug treatment of 
endometriosis.

In the present study, a bioinformatics approach was 
applied to systematically identify the pathways involved in 
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endometriosis. Gene expression profiling analysis is a useful 
method to distinguish differentially expressed genes (DEGs) 
in a particular condition (16,17). Based on Sampson's implan-
tation theory that ectopic endometrial tissues contribute to 
the pathogenesis of endometriosis (18), the gene expression 
profiles from endometrial biopsies from women with or 
without endometriosis were investigated using the Gene 
Expression Omnibus (GEO) database. Through analysis of the 
biological functions and pathways of the identified genes, the 
present study aimed to identify critical pathways and genes 
contributing to endometriosis, and potential biomarkers for its 
diagnosis, prognosis and therapy.

Materials and methods

Bioinformatics approach
Microarray data. The GSE6364 dataset was downloaded 
from the GEO DataSets database (www.ncbi.nlm.nih.gov/gds). 
GSE6364 contained the processed and normalized gene 
expression profiles of endometrial biopsies from women with 
normal endometrial pathology and no history of endometriosis, 
and from women with laparoscopy‑proven moderate‑to‑severe 
stage endometriosis from an Affymetrix GPL570 platform 
(Affymetrix Human Genome U133 Plus 2.0 Array; Affymetrix; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) (19). In 
the present study, proliferative phases (day 8‑14 in regular 
menstruation) samples were selected, including six samples 
(GSM150190‑150195) from patients with endometriosis and 
five normal samples (GSM150196‑150201).

Identification of DEGs. DEG analysis of the dataset was 
performed using GEO2R (www.ncbi.nlm.nih.gov/geo/geo2r/), 
which performed comparisons using the GEO query and 
limma R packages of the Bioconductor project (20). P‑values 
of the DEGs were determined using Student's t‑test. An 
adjusted P<0.05 and a fold‑change in expression ≥2 were 
set as thresholds to identify statistically significant DEGs. 
Hierarchical clustering analysis was applied to categorize 
the data, and a heatmap was produced with HemI 1.0 soft-
ware (21).

Gene ontology (GO) and pathway enrichment analyses 
of DEGs. GO analysis is commonly used for gene annota-
tion, including the molecular function (MF), biological 
process (BP) and cellular component (CC) categories (22). 
The DAVID online tool (david.ncifcrf.gov/) was applied to 
analyze the functional level, including GO enrichment of 
the DEGs (23). Gene Set Enrichment Analysis (GSEA) was 
conducted using the software GSEA v3.0 (www.broadinsti-
tute.org/gsea/) (24,25).

Construction of a protein‑protein interaction (PPI) network. 
The Search Tool for the Retrieval of Interacting Genes 
(STRING version 10.5; string‑db.org/) database is an online 
tool used for the evaluation of the PPIs  (26). To identify 
interactions among the DEGs, STRING was applied to map the 
DEGs. Experimentally validated interactions were included, 
whereas single nodes without interactions were excluded. 
PPI networks visualization was achieved with the Cytoscape 
software (version 3.5.1) (27).

Validation of key genes
Ethics statement. Endometrial tissue in the present study was 
collected from patients from September to November 2017 in 
Renmin Hospital of Wuhan University (Renmin, China) and 
they provided written informed consent. The present study 
was approved by the Ethics Committee of Renmin Hospital of 
Wuhan University in September 2017.

Cell isolation and culture. Primary endometrial stromal 
cells (HESCs) were isolated as described previously  (28). 
Patients, ranging from 24‑45‑years old, had regular menstrual 
cycles, and were documented not to be pregnant at the time 
of surgery were enrolled in the present study; however, 
patients using any form of hormonal treatment within 
3 months of biopsy were excluded. Briefly, endometrial tissue 
from 8 patients with endometriosis was finely minced and 
the cells dispersed by incubation in Hank's balanced salt 
solution (25  mmol/ml) containing collagenase (1  mg/ml, 
15 U/mg), 1% penicillin/streptomycin and deoxyribonuclease 
(0.1 mg/ml, 1,500 U/mg) at 37˚C for 60 min in a water bath. 
Following filtration through a 40‑µm cell strainer (Falcon®; 
Corning Incorporated, Corning, NY, USA), the cells were 
seeded in 75 cm2 Falcon tissue culture flasks (BD Biosciences, 
San Jose, CA, USA) and suspended in Ham's F12:Dulbecco's 
modified eagle medium (1:1) containing 10% fetal bovine 
serum (FBS; HyClone; GE Healthcare Life Sciences, Logan, 
UT, USA) and antibiotics (100 IU/ml penicillin, 100 µg/ml 
streptomycin and 0.25 µg/ml amphotericin B) in a 37˚C incu-
bator with 5% CO2. The purity of HESCs were determined by 
vimentin immunohistochemical staining. Briefly, following 
10% formalin fixation in room temperature for 30 min, cells 
were immersed in 3% hydrogen peroxide solution for 10 min 
at room temperature. Then, incubation with an anti‑vimentin 
primary antibody (1:400; ab8978) at 37˚C for 1  h was 
conducted and followed by a second antibody goat anti‑mouse 
Alexa Fluor® 488 IgG (1:3,000; ab150117; both Abcam, 
Cambridge, MA, USA) at 37˚C for 20 min. Subsequently, 
staining with diaminobenzidine (GK6007, Gene Tech Co., 
Ltd., Shanghai, China) according to manufacturer recommen-
dations and then counterstained with hematoxylin at room 
temperature for 10 min, followed by analysis with an inverted 
light microscope (magnification, x400, Nikon Corporation, 
Tokyo, Japan). Cultured HESCs were used for further analysis 
following 3‑5 passages.

Cell treatments. Overexpression of C‑X‑C motif chemokine 
receptor 2 (CXCR2) was achieved using a pLKO lentiviral 
vector targeting CXCR2 constructed by Thermo Fisher 
Scientific, Inc. Lentivirus stocks were obtained using the 
ViraPower™ Lentiviral Packing Mix and 293FT cell line 
according to the manufacturer's protocol (Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). HESCs at 
50% confluency were cultured in a 1:1 dilution of virus:media 
with 5 µg/ml polybrene for 24 h at 37˚C, followed by selection 
of stable cell lines. The knockdown of CXCR2 in HESCs was 
achieved using small interfering RNA (siRNA). Cells were 
transfected with CXCR2‑siRNA at a final concentration of 
50 nM using Lipofectamine® 3000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. Cells 
transfected with a final concentration of 50 nM scramble 
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sequences were the control group. Sequences of the CXCR2 
primers and CXCR2‑siRNAs used are demonstrated in 
Table I. Following 24 h, cells were collected for the subsequent 
analyses.

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). Total RNA was extracted with TRIzol 
reagent (Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. The PrimeScript™ RT Reagent kit 
was purchased from Takara Biotechnology Co., Ltd. (Dalian, 
China). Details of the RNA isolation, cDNA conversion and 
RT‑qPCR assays have been described previously  (29). To 
examine the mRNA expression levels of CXCR2, RT‑qPCR 
was conducted in 96‑well reaction plates using the ABI Step 
One Plus™ real‑time PCR System (Thermo Fisher Scientific, 
Inc.). Each well contained 1 µl cDNA template, 0.2 µl each 
primer, 3.6 µl diethyl pyrocarbonate‑H2O and 5 µl SYBR 
Green dye. CXCR2 and GAPDH primers were designed 
and synthesized by Sangon Biotech Co., Ltd. (Shanghai, 
China). The qPCR cycling conditions were as follows: 
Pre‑denaturation at 95˚C for 30 sec, followed by 40 cycles of 
denaturation at 95˚C for 5 sec, annealing at 60˚C for 10 sec and 
extension at 72˚C for 30 sec. GAPDH was used to normalize 
the relative mRNA expression of CXCR2. The 2‑ΔΔCq method 
was applied to calculate the relative expression level of the 
target amplicon (30).

Cell proliferation and Transwell assays. For the cell 
proliferation assay, transfected HESCs were suspended 
in Ham's F12/DMEM for 3  days in 96‑well plates 
(5x104 cells/well). A Cell Counting kit‑8 (CCK‑8) assay was 
subsequently conducted. CCK‑8 (10  µl; WST‑8, Dojindo 
Molecular Technologies, Inc., Kumamoto, Japan) was mixed 
with the cells, followed by incubation at 37˚C for 2 h. The 
absorbance at 450 nm was measured using an ELISA reader 
(Tecan Group, Ltd., Mannedorf, Switzerland) to detect cell 
viability. For the cell migration and invasion assays, Transwell 
permeable supports (Corning Incorporated) and Matrigel 
(BD Biosciences) were used. Transfected cells were cultured 
in 200 µl in Ham's F12:Dulbecco's modified eagle medium 
prior to being transferred onto the upper chambers of 24‑well 
plates (5x105 cells/well) with or without a Matrigel coating. 
A total of 800 µl medium with 10% FBS was added to the 
lower chamber. Following 24 h incubation, cells in the lower 
chamber were fixed with absolute methanol and stained with 
0.1% crystal violet solution (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) for 10 min at room temperature. Cell 

counting was performed at medium magnification (x100) 
under an inverted light microscope from thee randomly 
selected fields. For each condition, three independent 
experiments were conducted. Image analysis was performed 
using Image J software version 1.49 (National Institutes of 
Health, Bethesda, MD, USA).

Statistical analysis. Statistical analysis was performed using 
the Stata 13.0 software (StataCorp LP, College Station, TX, 
USA). One‑way analysis of variance and the Scheffe post hoc 
test were applied. Data are presented as the mean ± standard 
error. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Overview of the GEO microarray data and identification 
of DEGs. A box plot graph of the value distribution in the 
GSE6364 dataset was generated to assess whether the distribu-
tions of values across samples were median‑centered and of 
conformity. The results indicated that the data of GSE6364 
were generally normalized and cross‑comparable (Fig. 1A). 
An adjusted P<0.05 and a fold‑change ≥2 were set to filter 
for statistically significant DEGs. A total of 172 genes were 
identified, as demonstrated in the volcano plot (Fig. 1B) and a 
hierarchical cluster analysis was performed on the DEGs, as 
indicated in the heat map (Fig. 1C).

Pathway enrichment analysis. The results of the GO analysis 
of the DEGs indicated that ‘inflammatory response’, ‘innate 
immune response’ and ‘chemokine production’ were the 
most significant terms in the BP category. ‘Extracellular 
space’, ‘extracellular exosome’ and ‘membrane’ were the most 
significant in CC. The significant MF terms were ‘Toll‑like 
receptor 4 binding’, ‘arachidonic acid binding’, ‘signaling 
pattern recognition receptor activity’ and ‘CXCR chemokine 
receptor binding’ (Table II).

Key pathways and genes identification. To further identify 
the key pathways, GSEA was conducted on the GSE6364 
dataset. ‘INFLAMMATORY RESPONSE’ was identified, in 
accordance with the results of GO analysis. The enrichment 
score for this signaling pathway was positively correlated to 
endometriosis samples, while the enrichment score was lower 
in normal samples (Fig. 2A). Subsequently, the PPI among 
the DEGs were evaluated by STRING and PPI network 
visualization was performed using Cytoscape. CXCR2, 

Table I. siRNA sequences and primers.

Name	 Sense or forward sequences (5'‑3')	 Anti‑sense or reverse sequences (5'‑3')

CXCR2 siRNA	 AGCGACCCAGUCAGGAUUUTT	 AAAUCCUGACUGGGUCGCUTT
CXCR2 siRNA scramble	 AGCAGCUCAAUGCGUCAGUTT	 ACUGACGCAUUGAGCUGCUTT
CXCR2 primers	 AGCTGAGAATATGCAGCCGTT	 CATAGCAGGCTGGGCTAACA
GAPDH primers	 TTGATGGCAACAATCTCCAC	 CGTCCCGTAGACAAAATGGT

CXCR2, C‑X‑C motif chemokine receptor 2; siRNA, small interfering RNA.
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G protein‑coupled estrogen receptor 1, Fos proto‑oncogene, 
C‑X‑C motif chemokine ligand 5 and others were preserved 
according to the inclusion criterion (Fig. 2B). As the most 
significant DEG, CXCR2 was uploaded into STRING to search 

its potential PPI with possible proteins. All the interacting 
proteins were involved in the inflammatory response, which 
was consistent with the other findings (Fig. 2C). Therefore, 
CXCR2 was considered the most important identified gene.

Figure 1. Overview of GSE6364 and identification of common DEGs. (A) Box plot graph of value distribution of GSE6364. (B) Cutoff values and volcano 
plot displaying the DEGs. Red indicates upregulated genes and green indicates downregulated genes. (C) Hierarchical clustering and heat map of the DEGs in 
GSE6364. GSM150190‑150195: Patients with endometriosis; GSM150196‑150201: Normal samples. C‑X‑C motif chemokine receptor 2; DEG, differentially 
expression genes; GSEA, Gene Set Enrichment Analysis.
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Validation of the function of CXCR2 in HESCs. To validate the 
critical role of CXCR2 in the development of endometriosis, 
HESCs were used. Overexpression and knockdown of CXCR2 
in cells were achieved via transfection with pLKO lentiviral 
vectors and siRNA, respectively. Cells with scramble sequences 
were set as the control group. RT‑qPCR was applied to confirm 

the efficacy of transfection (Fig. 3A). In the analysis of cell 
proliferation by CCK‑8 assay, the overexpression of CXCR2 
clearly increased the proliferation capacity of HESCs, while 
the capacity markedly decreased following the knockdown 
of CXCR2 (Fig. 3B). For the analysis of cell migration and 
invasion, Transwell assays were performed. As demonstrated 

Table II. GO analysis of the differentially expressed genes (P<0.05).

A, GOTERM_BP_DIRECT

Term	 Count	 P‑value	 Fold enrichment

GO:0006954 inflammatory response	 9	 3.70x10‑4	 5.05
GO:0045087 innate immune response	 9	 8.48x10‑4	 4.45
GO:0002523 leukocyte migration involved in inflammatory response	 3	 1.14x10‑3	 57.97
GO:0030593 neutrophil chemotaxis	 4	 3.58x10‑3	 12.88
GO:0042742 defense response to bacterium	 5	 4.64x10‑3	 7.33
GO:0002227 innate immune response in mucosa	 3	 5.96x10‑3	 25.51
GO:0006910 phagocytosis, recognition	 3	 7.45x10‑3	 22.77
GO:0070488 neutrophil aggregation	 2	 9.27x10‑3	 212.56
GO:0016337 single organismal cell‑cell adhesion	 4	 1.16x10‑2	 8.42
GO:0032602 chemokine production	 2	 1.39x10‑2	 141.70
GO:0019731 antibacterial humoral response	 3	 1.78x10‑2	 14.49
GO:0032119 sequestering of zinc ion	 2	 1.85x10‑2	 106.28
GO:0002793 positive regulation of peptide secretion	 2	 1.85x10‑2	 106.28
GO:0032870 cellular response to hormone stimulus	 3	 1.85x10‑2	 14.17
GO:0007267 cell‑cell signaling	 5	 3.05x10‑2	 4.18
GO:0006260 DNA replication	 4	 3.55x10‑2	 5.49
GO:0002221 pattern recognition receptor signaling pathway	 2	 3.66x10‑2	 53.14
GO:0032496 response to lipopolysaccharide	 4	 4.09x10‑2	 5.18
GO:0002544 chronic inflammatory response	 2	 4.10x10‑2	 47.23
GO:0070098 chemokine‑mediated signaling pathway	 3	 4.31x10‑2	 8.98
GO:0006955 immune response	 6	 4.61x10‑2	 3.03

B, GOTERM_CC_DIRECT

Term	 Count	 P‑value	 Fold enrichment

GO:0005615 extracellular space	 20	 1.30x10‑5	 3.11
GO:0005576 extracellular region	 20	 1.48x10‑4	 2.60
GO:0070062 extracellular exosome	 23	 9.88x10‑3	 1.71
GO:0005886 plasma membrane	 29	 2.18x10‑2	 1.47
GO:0016020 membrane	 18	 2.68x10‑2	 1.71
GO:0009986 cell surface	   7	 4.30x10‑2	 2.71

C, GOTERM_MF_DIRECT

Term	 Count	 P‑value	 Fold enrichment

GO:0035662 Toll‑like receptor 4 binding	 2	 1.86x10‑2	 105.51
GO:0050544 arachidonic acid binding	 2	 2.32x10‑2	 84.41
GO:0008329 signaling pattern recognition receptor activity	 2	 3.23x10‑2	 60.29
GO:0045236 CXCR chemokine receptor binding	 2	 4.13x10‑2	 46.89

GO, gene ontology; BP, biological processes; CC, cellular components; MF, molecular function; CXCR, C‑X‑C motif chemokine receptor.
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Figure 2. GSEA and PPI prediction. (A) Key pathways identification in GSE6364 dataset via GSEA software. (B) PPI network of the differentially expression 
genes from STRING. (C) PPI prediction of CXCR2 with other proteins. GSEA, Gene Set Enrichment Analysis; PPI, protein‑protein interaction; CXCR2, 
C‑X‑C motif chemokine receptor 2.

Figure 3. CXCR2 promotes proliferation, migration and invasion of HESCs. (A) Confirmation of the efficacy of transfection by RT‑qPCR. (B) Transfected 
HESCs were cultured for 3 days and CCK‑8 assays were conducted to examine the proliferation capacity. (C) Migration and invasion capacities of transfected 
HESCs were measured by Transwell migration/invasion assays following 24 h in culture. Magnification, x100. Data are demonstrated as the mean ± stan-
dards error from 3 independent wells. *P<0.05, **P<0.01, ***P<0.001 vs. control. HESCs, human endometrial stromal cells; CXCR2, C‑X‑C motif chemokine 
receptor 2; si, small interference; OD, optical density.
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in Fig. 3C, the migration and invasion capacities of HESCs 
were significantly promoted in the pLKO‑ CXCR2 group, but 
clearly suppressed in the si‑CXCR2 group, compared with the 
control.

Discussion

Endometriosis is characterized by the morphological and 
biological properties of the endometrium, including the 
proliferation, invasiveness, and attachment to the extracellular 
matrix, which are greater in ectopic endometrial cells (3), and 
results in a severe decline in the quality of life and psycho-
logical well‑being, as well as it is a heavy economic burden, 
for those affected (10,31). Although various potential caus-
ative factors have been investigated, the exact mechanisms 
underlying the aberrant implantation of ectopic endometrial 
cells remain unclear. In the present study, a bioinformatics 
approach was applied to reveal the possible dysregulated 
pathways and genes in endometriosis, specifically through 
gene expression analysis (Fig. 4). The gene expression profiles 
of endometrial biopsies from women with or without endo-
metriosis (GSE6364) were selected. A total of 172 DEGs 
were extracted. Gene expression profiling analysis through 
functional annotation and gene set enrichment analysis as well 
as a PPI network, demonstrated that genes associated with the 
inflammatory response were upregulated, and CXCR2 was 
one of the most important genes. Furthermore, the in vitro 
experiments confirmed that CXCR2 promoted proliferation, 
migration and invasion of HESCs, suggesting that CXCR2 
may serve a critical role in the development of endometriosis.

According to Sampson's implantation theory that 
ectopic endometrial tissues contribute to the pathogenesis 

of endometriosis (18), the present study compared the gene 
expression profiles of endometriosis patients with that of 
normal subjects. The present results demonstrated that 
inflammatory response genes were significantly upregulated. 
Previous studies have indicated that inflammation serves a key 
role in the pathogenesis of endometriosis (32,33). Alterations 
in inflammatory factors may promote fibrotic adhesion 
contributing to the growth and spread of endometrial tissue (34). 
It has been reported that the peritoneal fluid of patients 
with endometriosis exhibits an increased level of activated 
macrophages and pro‑inflammatory cytokines compared 
with that in normal individuals, and that the capacities for 
proliferation, invasion and adhesion to the extracellular 
matrix are greater in ectopic endometrial cells than in eutopic 
cells (3,35). The dynamic interactions between cytokines may 
serve a pivotal role in the formation of a microenvironment 
that favors the ectopic implantation of endometrial tissues and 
the progression of endometriosis (36). The presence and role of 
cytokines, such as IL‑8, have been extensively investigated (37). 
IL‑8 contributes to reproductive pathological processes, such as 
endometriosis, through affecting the proliferation and invasion 
of endometrial stroma cells (ESCs) in the ectopic endometrial 
tissue (36,38‑40). CXCR2, a membrane receptor for IL‑8, is 
a member of the G‑protein‑coupled receptor family, and is 
involved in influencing intracellular calcium concentration, 
the release of granular enzymes and chemotaxis in response 
to IL‑8  (36). Through the high‑affinity binding of IL8 to 
CXCR2, signals are transduced via a G protein‑activated 
second messenger system to promote the proliferation and 
invasion of ESCs. The present results also demonstrated that 
CXCR2 promoted the proliferation of HESCs. This may have 
been the result of CXCR2 high affinity for growth regulated 

Figure 4. Summary of bioinformatics procedure. Flowchart demonstrating the identification and selection of microarray data from GEO, the data analysis 
procedure and relevant tools. GEO, Gene Expression Omnibus; GSEA, Gene Set Enrichment Analysis; DEG, differentially expression genes; CXCR2, C‑X‑C 
motif chemokine receptor 2.
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protein‑α, which has previously been demonstrated to affect 
the proliferative capacity of endometriosis cells  (41,42). 
However, the contribution of decreased proliferation to 
reductions in migration and invasion cannot be excluded 
as migration/invasion of cells is generally affected by the 
number of cells, which may pose as a limitation of the present 
study. In addition, the expression of CXCR2 is very weak in 
normal endometrium and detection of CXCR2 in endometrial 
tissues through immunohistochemistry demonstrate that the 
expression is higher in women with endometriosis than in 
those with normal endometrium (36,42), which is consistent 
with the present DEG analysis.

The diagnosis of endometriosis may be achieved by 
detecting certain factors circulating in the serum or in the 
peritoneal fluid of patients. For example, the expression of 
soluble class‑I and class‑II molecules has been demonstrated 
to be significantly reduced by >30% in patients with endome-
triosis (43,44). The production of cytokines, which are thought 
to regulate the processes involved in the progression and 
development of endometriosis, largely depends on the immune 
system status of each patient with endometriosis, detection of 
a combination of these factors may allow endometriosis diag-
nosis more rapidly than the surgical route. IL‑8 is increased in 
the serum of patients with endometriosis (45). Thus, CXCR2 
could serve as a novel biomarker for the diagnosis of endome-
triosis; however, further studies are required to demonstrate 
this.

To conclude, the application of bioinformatic methods to 
reveal important biomarkers in endometriosis was of impor-
tance of the present study. Overexpression of CXCR2 promotes 
the proliferation, migration and invasion of endometrial cells, 
which in situ may lead to the presence of endometrial glands 
and/or stroma outside of the uterine cavity. CXCR2 may be 
associated with the development of endometriosis via the 
inflammatory response and it has potential as a biomarker for 
the diagnosis of endometriosis.
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