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MicroRNA expression profiles and networks in
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Abstract. The chemokine stromal cell-derived factor-1 (C-X-C
motif chemokine ligand 12; CXCL12) is important in the
recruitment of leukocytes to the peritoneal cavity and the regu-
lation of endometriotic tissue growth in endometriosis patients.
However, the alterations in microRNA (miRNA) expression
induced by CXCLI12 remain to be fully elucidated. The present
study evaluated key miRNAs in CXCL12-stimulated endo-
metrial stromal cells (ESCs), and investigated the underlying
cellular regulatory mechanisms of CXCLI12 in endometriosis
by building networks between miRNAs, genes and gene ontol-
ogies (GOs). Differential expression of miRNAs and mRNAs
induced by CXCLI12 stimulation in ESCs was measured using
miRNA and gene chips, and it was observed that 35 miRNAs
and 1,671 mRNAs were differentially expressed. Using poten-
tial target genes of the 35 miRNAs, intersections of these
genes were examined and 63 intersection genes were identi-
fied. A total of 39 GOs were obtained for these intersection
genes, based on information from GO databases, including
immune cell chemoattractants, inflammatory and immune
responses, and pathological processes of endometriotic lesions
in endometriosis. In addition, miRNA-gene networks were
built according to the GO and Kyoto Encyclopedia of Genes
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and Genomes databases. The present study, to the best of
our knowledge, provides the most complete miRNAome and
mRNAome profiles, and the most detailed investigation of the
underlying cellular regulatory mechanisms, of the effects of
CXCLI12 in endometriosis. These results may facilitate the
complete elucidation of the role of CXCLI12 in endometriosis,
and its underlying epigenetic mechanisms.

Introduction

Endometriosis affects ~10% of women of reproductive age,
and is a complex disease characterized by the presence of
endometrial tissue outside the uterine cavity. This extra tissue
subsequently leads to an ectopic growth, which results in an
inflammatory response, adhesions and fibrosis, followed by
chronic pelvic pain, dyspareunia and infertility (1).
Chemokines are small molecules produced during the
inflammatory process and are responsible for the attraction
of cells, depending on the selective receptors expressed on
their membranes. Endometrial stromal cells (ESCs) exhibit
the ability to invade and proliferate, and regulation of these
processes is controlled by chemokines produced in the endo-
metriotic milieu. In addition, these help recruit leukocytes to
the peritoneal cavity (2,3). C-X-C motif chemokine ligand
12 (CXCL12) is the single natural ligand of chemokine recep-
tors C-X-C chemokine receptor type (CXCR) 4 and CXCR7.
The refluxed endometrial cells are attracted to the peritoneal
cavity via the CXCL12/CXCR4 axis (4). Overexpression of
CXCR4 in stromal cells has been observed by immunohis-
tochemistry (5). The eutopic endometrial stromal cells from
endometriosis patients are attracted to the peritoneal cavity via
the interaction between CXCR4 expressed on their membrane
and CXCLI12 produced in the peritoneal cavity. Furthermore,
the activation of the CXCL12/CXCR4 axis is associated
with the alternative phenotype of endometriotic cells (6).
Our previous study indicated that greater levels of CXCL12
secreted from ESCs in the endometriotic milieu suppress ESC
apoptosis by increasing autophagy via the nuclear factor-xB
signaling pathway (7). However, the systemic role of the
CXCL12/CXCR4 axis and the molecular alterations induced
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by CXCLI12 challenge in endometriosis remain to be fully
elucidated.

Alterations in microRNA (miRNA) expression occur
in numerous pathological and physiological processes, and
miRNAs are associated with endometriosis. Dysregulation
of miRNAs leads to alterations in cellular differentiation,
proliferation and apoptotic processes involved in the patho-
genesis of endometriosis (8). Thus, elucidating the biological
consequences of dysregulated miRNAs and identifying their
specific targets is necessary to understand the underlying
molecular mechanisms associated with the disease.

Therefore, the present study aimed to fully elucidate the
systemic role of CXCLI12 in endometriosis, and investigate
key miRNAs associated with CXCL12 stimulation of ESCs.
Furthermore, the underlying cellular regulatory mechanisms
of CXCLI12 in ESCs were investigated by building networks
between miRNAs, genes and gene ontologies (GOs).

Materials and methods

Subjects and sample collection. Female patients (n=20) of
reproductive age from the Department of Obstetrics and
Gynecology, Nanjing Drum Tower Hospital (Nanjing, China)
were recruited as the subjects of the present study (May-June
2015). The present study was approved by the Research Ethics
Committee of Nanjing Drum Tower Hospital and written
informed consent was obtained from all patients prior to
sampling; endometrial biopsies were obtained for research
purposes only. The patients selected for inclusion in the study
had not received any hormonal therapy or medication for
6 months prior to surgery and had not experienced any pelvic
inflammatory-associated complications. Endometrial tissues
were collected from 18 patients undergoing tubal ligation, and
they were used for the control group and the CXCL12-treated
group. Evaluation of endometrial histology was performed,
as was a comparison of the date to the expected day of the
menstrual cycle, to determine its phase. All endometrial
samples used for in vitro experiments were histologically
verified to be in the secretory phase of the menstrual cycle.
All samples (>300 mg) were collected under sterile conditions
and transported to the laboratory on ice in Dulbecco's modi-
fied Eagle's medium (DMEM)/F-12 medium (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA).

Cell culture and treatments. ESCs were purified and cultured
from endometrial tissue as previously described (7). The
ESCs exhibited 92% purity (Vimentin positive). ESCs from
the same patients were used in control and treatment groups
(healthy ESCs and recombinant human (rh)CXCL12-treated
healthy ESCs). To clarify the miRNAome and mRNAome
of CXCLI12-treated ESCs, cells were treated with 100 ng/ml
rhCXCL12 (R&D Systems, Inc., Minneapolis, MN, USA)
for 48 h, whereas the control ESCs were cultured with 1%
phosphate-buffered saline (PBS; Corning Incorporated,
Corning, NY, USA) as the vehicle control. The rhCXCL12
treatment dose and exposure time were selected according to
our previous study (7).

Isolation of total RNA. Total RNA from cultured healthy ESCs
and corresponding thCXCL12-treated healthy ESCs (n=18)
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was extracted using Qiagen miRNeasy Mini kit (Qiagen
GmbH, Hilden, Germany). The quality of the extracted RNA
was verified via absorbance measurements at wavelengths of
230, 260 and 280 nm using a spectrophotometer (NanoDrop
2000; Thermo Fisher Scientific, Inc.).

miRNA and mRNA microarray analysis. Total RNA was
processed for miRNA and mRNA microarray analysis, using
Affymetrix miRNA 4.0 and Affymetrix GeneChip Human
2.0 (Affymetrix, Inc., Santa Clara, CA, USA) as previously
described (9). Following analysis, significantly differentially
expressed miRNAs and mRNAs were selected according to
their P-values (10).

Bioinformatics analysis. A comprehensive GO and
miRNA-gene network was built to enrich the gene dataset.
Genes that were differentially expressed underwent GO
analysis (geneontology.org) to verify their primary function.
This identification of the regulatory network of genes allowed
their categorization into different hierarchies, based on their
molecular function (11). Differential gene expression values
and Sanger miRNA database (Gminix-Cloud Biotechnology
Information, GCBI, http://www.gcbi.com.cn/gclib/html/index,
Gminix Informatics Co., Ltd., Shanghai, China) interactions
were used to investigate associations between miRNAs and
genes, and to create an miRNA-gene network. An adjacency
matrix of miRNAs and genes A = [ai, j] was created according
to the attributed associations between genes and miRNA,
where ai, j represents the weight of the association between
gene ai and miRNA j.

The regulatory status of miRNAs and genes was evaluated
via GCBI. (http:/www.gcbi.com.cn/gclib/html/index, Gminix
Informatics Co., Ltd.). The evaluation criteria included the
degrees of miRNA; the number of genes regulated by that
particular miRNA, and the degree of each gene; and the
number of miRNAs that regulated that particular gene. Those
that exhibited the greatest degree values were identified as the
most important in the analysis of the network (12).

Statistical analysis. GO analysis for all miRNA and the
regulated-genes were obtained, based on the GO and Kyoto
Encyclopedia of Genes and Genomes (www.genome.jp/kegg/)
databases. P-values and the false discovery rate were calcu-
lated using Fisher's and y%* tests (SPSS 19.0; IBM SPSS,
Armonk, NY, USA), and 39 GOs were identified, with P<0.001
considered to indicate a statistically significant difference.

Results

Microarray data. miRNAs and mRNAs induced by thCXCL12
treatment in ESCs were measured by miRNA and gene chips.
A total of 35 miRNAs and 1,671 mRNAs (Fig. 1) were differ-
entially expressed in CXCL12-treated ESCs compared with
controls.

GO analysis. The primary functions of the genes that were
differentially expressed were analyzed via GO. Potential target
genes of the 35 miRNAs were used to search for intersections
of these miRNAs with 1,671 differentially expressed mRNAs.
A total of 63 intersection genes were identified. The 39
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Figure 1. Microarray analysis of control and CXCLI12-treated ESCs. RNA from healthy (secretory phase) and corresponding healthy ESCs treated with
100 ng/ml recombinant human CXCL12 for 48 h (n=18) were characterized by microRNA and mRNA microarray. The heatmap indicates (A) miRNAs and
(B) mRNAs with expression change fold >2.0. miRNAs and mRNAs that were downregulated are indicated in blue and those that were upregulated are
indicated in red. A Bland-Altman plot indicates the ratio of (C) miRNA and (D) mRNA expression in healthy ESCs (vertical axis) vs. that in CXCLI2-treated
healthy ESCs (horizontal axis; n=18). CXCL12, C-X-C motif chemokine ligand 12; ESCs, endometrial stromal cells; miRNA, microRNA.

mRNAs that exhibited a negative association with the above
22 miRNAs were analyzed and are presented in Table I. GOs
for all of the above intersection genes were obtained, based
on the GO and Kyoto Encyclopedia of Genes and Genomes
(www.genome.jp/kegg/) databases. P-values and the false
discovery rate were calculated using Fisher's and 7 tests, and
39 GOs were identified according to the standard of P<0.001.
The present study identified three classes of GOs (associ-
ated with immune cell chemoattractants, inflammatory and
immune responses, and pathological processes of endometri-
otic lesions in endometriosis) strictly associated with CXCL12
challenge (Fig. 2), indicating that these GOs may be important
in regulating the role of CXCL12 in endometriosis.

miRNA regulatory networks. Interactions between miRNAs
and genes in the Sanger miRNA database led to the subsequent
creation of an miRNA-gene network where significant miRNAs
and genes were identified from the intersections between poten-
tial target genes of miRNAs and 1,671 differentially expressed
mRNAs. A miRNA-GO network was constructed according to
interactions between significant GOs and genes and associa-
tions between miRNAs and genes (Fig. 3).

Discussion

Local, peritoneal inflammation is characteristic of endo-
metriosis, and previous studies have suggested that various
components of the immune system, including chemokines,
enhance the implantation of endometrial cells and the progres-
sion of the disease (3,13). The CXCL12-CXCR4 axis has been
demonstrated to exhibit immune functions, including lympho-
cyte chemotaxis and non-immune functions, including roles
in tissue repair, angiogenesis and the invasion and migration
involved in endometriosis (5,14). Our previous study indicated
that this chemokine is involved in the regulation of ESC
autophagy (7). This suggested that the CXCL12-CXCR4 axis
may have a broad role in the regulation of endometriosis.
Endometriotic tissue exhibits various molecular differences
compared with healthy endometrial tissue, including variations
in gene expression, production of proteins, responsiveness
to steroids and cytokines, immune components, adhesion
molecules, and proteolytic enzymes (15,16). The occurrence
and development of endometriosis may be based on these
aberrations in molecular processes, and may be caused by as
yet unknown triggers, including miRNA, which initiate these
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Table I. Differentially expressed miRNA and predicted targets.
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miRNA Up/downregulated Fold change Gene ID Up/downregulated
hsa-miR-150-5p Down 0.028877827 CCL5 Up
hsa-miR-4306 Down 0.374462719 ELAVL3 Up
SLA2
hsa-miR-4286 Down 0.410782037 ZFP36L1 Up
hsa-miR-4539 Down 0416821327 ELAVL3 Up
HSF5
RAB39B
hsa-miR-6507-5p Down 0.424400129 RGS21 Up
ZFP36L1
hsa-miR-29b-2-5p Down 0.440211274 ANKS4B Up
hsa-miR-18b-5p Down 0.440222564 HSF5 Up
hsa-miR-1290 Down 0.44241555 ELAVL3 Up
EN2
hsa-miR-502-5p Down 0.447388476 ELAVL3 Up
LIMD2
hsa-miR-550a-3-5p Down 0.488144777 GP1BA Up
HOXB13
hsa-miR-1260a Down 0.495246952 ELAVL3 Up
HOXB13
LIMD2
SLA2
hsa-miR-6886-3p Down 0.498411064 DPCRI1 Up
hsa-miR-466 Up 2.127169505 SORLI Down
hsa-miR-4708-5p Up 2.223631924 IFNG Down
hsa-miR-424-5p Up
2.348038396 DSEL Down
PDK4
SH3BGRL2
hsa-miR-8084 Up 2.398208347 LRCH2 Down
hsa-miR-498 Up 3.346560277 RNASEH2B Down
SH3BGRL2
hsa-miR-4476 Up 4.050657207 FAMI155A Down
hsa-miR-4428 Up 4247547261 SORLI Down
hsa-miR-4668-5p Up 4.362360508 SCD Down
hsa-miR-1184 Up 5.207536333 DSEL Down
SH3BGRL2
hsa-miR-3613-3p Up 5.322665855 DSEL Down
LRCH2
SH3BGRL2
VNN2

A total of 22 differentially expressed miRNAs were identified in the microarray, and 39 intersection genes were predicted to have a negative

association with these miRNAs. miRNA, microRNA.

molecular alterations. Certain studies have investigated the
role of miRNA expression dysregulation, histone modification
and DNA methylation in endometriotic cells (17). Aberrant
gene expression associated with epigenetic mechanisms may
induce differentiation and the subsequent appearance of an
endometriotic phenotype in healthy endometrial cells (15,16).

Our previous study demonstrated a greater secretion of
CXCL12 in eutopic and ectopic ESCs derived from patients
with endometriosis (7). The present study treated healthy

ESCs with CXCL12 to mimic the conditions in ectopic ESCs.
To further elucidate the role of the CXCL12/CXCR4 axis in
endometriosis, the present study detected the miRNA and
miRNAome profiles in CXCL12-stimulated ESCs. The 22
miRNAs most closely associated with the CXCL12/CXCR4
axis in ESCs were reported. The present study aimed to provide
the most complete miRNAome profiles, and the most detailed
microRNA-gene regulatory networks described to date for the
role of CXCL12 in endometriosis. The results of the present
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Figure 2. Histogram of significant GOs. The vertical axis represents the GO category, and the horizontal axis represents -log (P-value) of the GO; the greater

the value, the greater the GO significance level. GO, gene ontology.

study provide preliminary data to advance the understanding
of the pathogenesis of endometriosis.

Microarray data analysis revealed a total of 35 miRNAs
and 1,671 mRNAs significantly expressed in CXCL12-treated
ESCs. Bioinformatics analysis indicated that 63 mRNAs had a
negative correlation with 21 differentially expressed miRNAs,
and 39 significant GOs for all of the above intersection genes
were obtained. GOs regarding CXCL12-challenge in ESCs
were associated with: i) Chemoattractants for immune cells,
including macrophages, neutrophils, natural killer (NK)
cells, T cells and dendritic cells, and chemokine biosyn-
thetic regulation; ii) inflammatory and immune responses,
including regulation of chronic inflammatory responses, T
cell activation, innate immune responses, antigen processing
and presentation, adaptive immune responses, and interleukin
production; iii) pathological processes of endometriotic lesions

in endometriosis, including cell-cell adhesion, mesenchymal to
epithelial transition, blood coagulation, fibrinolysis, cell prolif-
eration, cell cycle arrest, cell-cell adhesion, Janus kinase/signal
transducers and activators of transcription (STAT) signaling,
and chemokine-mediated signaling.

The upregulation of CXCLI2 in reflux eutopic endome-
trium recruits immune cells, including macrophages, NK
cells, T cells and dendritic cells into the peritoneal cavity.
These immune cells do not remove endometrial fragments
in the pelvic cavity; rather an inflammatory microenviron-
ment foundation is created, facilitating the implantation,
neo-angiogenesis and proliferation of ectopic endometrial
tissue (18). Conditions for the progression of the disease may
include increased levels of activated peritoneal macrophages,
reduced NK cell activity, an abnormal T lymphocyte response
and a significantly increased number of regulatory T cells (19).
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Figure 3. miRNA-GO network representing miRNA and GO interactions. Red boxes or circles denote upregulated miRNAs or mRNAs, respectively; blue
boxes or circles denote downregulated miRNAs or mRNAs, respectively; and lines indicate the inhibitory effect of miRNAs on genes. The larger the area of
the box or circle, the greater the degree of the miRNA or gene. GO, gene ontology; miRNA, microRNA.

CXCLI12 in ESCs may directly mediate the pathological
process and appearance of lesions in endometriosis, via
effects on autophagy, cell-cell adhesion, mesenchymal to
epithelial transition, blood coagulation, fibrinolysis and cell
growth. The role of CXCLI12 in ESC autophagy, which is
indicated by GO analysis, is consistent with the findings of our
previous study (7). The GO analysis indicated the potential
role of CXCLI12 in epithelial mesenchymal transition (EMT).
Inflammation is regarded as an inducer of EMT in cancer
progression, and EMT is considered to link inflammation and
cancer (20). Epithelial cells are converted to mesenchymal
cells during embryogenesis, tissue remodeling and wound
healing, via EMT. The process is characterized by alterations
in molecular pathways and networks; the loss of E-cadherin
expression is an essential step driving this program in the
initiation of human cancers (21). During arsenite-induced
malignant transformation of skin cancer cells, STAT3 regu-
lates EMT and malignant transformation (22). Although EMT
occurs in endometriosis, the underlying mechanism remains
to be fully elucidated. Further studies are required to identify
the exact underlying mechanism of CXCL12-induced EMT in
endometriosis.

miRNAs are small endogenous, single-stranded,
non-coding RNA molecules that regulate the translation
of specific targeted protein-coding genes (23). miRNAs
regulate the expression of 50-60% of human genes without
altering DNA sequences, via various epigenetic mechanisms.
Numerous genes may be targeted by a single miRNA molecule
and various cellular functions are induced via partial or full
base-pairing with the 3'-untranslated region of the target
mRNA (24).

A wide range of physiological and pathological processes
have been revealed to involve miRNAs, including the cell
cycle (in embryogenesis, development, differentiation and
proliferation), metabolism, cell-cell communication, cell
survival, apoptosis, immune responses and oncogenesis (25).
Microarray studies have indicated the presence of a group of
specific miRNAs that are differentially expressed between
healthy endometrium without endometriosis, eutopic endo-
metrial tissue with endometriosis and endometriotic lesions,
suggesting the importance of miRNAs in the pathology of
endometriosis (26,27). Identification of key miRNAs via
bioinformatics analysis provides information regarding
an initial group of expressed miRNAs that are altered in
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CXCLI12-treated ESCs and, therefore, may target genes that
regulate this process. The results of the present study provide
preliminary data to advance the full elucidation of the role
of CXCLI12 in endometriosis, and its underlying epigenetic
mechanisms.

Inconclusion,themiRNA profilesinCXCL12-overexpressed
ESCs were identified in the present study using miRNA
microarray analysis. The findings suggested that aberrant
miRNA expression may be the epigenetic mechanism under-
lying the actions of CXCL12 in endometriosis, and this may
provide novel and promising candidates to act as a diagnostic
biomarkers and therapeutic targets of endometriosis. The
present study, to the best of our knowledge, provides the most
complete miRNAome profile for the evaluation of miRNAs
in of CXCL12-stimulated ESCs, and the most detailed
miRNA-gene regulatory network, targeting genes and GOs
for investigation of the underlying miRNA mechanisms of
CXCLI12 in ESCs. The data from the present study will be
validated in our further studies regarding endometriosis.
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