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ABSTRACT: MicroRNAs have recently been identified as regulators that modulate target gene expression and are suggested to be
involved in the development and progression of endometriosis. This study was undertaken to analyze the expression level of microRNA-
199a (miR-199a) in paired ovarian endometrioma and eutopic endometrium from women with endometriosis, and to investigate the con-
tribution of miR-199a to the invasive capability of endometrial stromal cells (ESCs). Cell adhesion, migration and Matrigel invasion assays
were carried out to measure the invasiveness of ESCs. Bioinformatics prediction, reporter gene assay, PCR, western blotting and ELISA
were performed to identify miR-199a targets and related signaling pathways. The results showed that the expression level of miR-199a
was lower in the eutopic endometrium from women with endometriosis, and even lower in the paired ovarian endometrioma, compared
with the expression in normal controls. Moreover, ectopic expression of miR-199a attenuated ESC adhesion, migration and invasiveness.
MiR-199a targeted and inhibited lkappaB kinase beta (IKKB) in ESCs. Accompanied by IKKB reduction, miR-199a suppressed nuclear
factor-kappa B (NF-kB) pathway activation and interleukin-8 (IL-8) production in ESCs. All these findings suggest that miR-199a, down-regu-
lated in endometriosis, attenuates the invasive capability of ESCs in vitro partly through IKK/NF-kB pathway suppression and reduced IL-8

expression. In conclusion, miR-199a could be involved in the pathogenesis of endometriosis.
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Introduction

Endometriosis, characterized by the presence and growth of functional
endometrial-like tissues outside the uterus, is a common, chronic and
estrogen-dependent gynecological disorder associated with pelvic pain
and infertility. An understanding of the pathogenesis of endometriosis
has steadily improved, but the molecular mechanisms mediating endo-
metriosis are just beginning to be elucidated. In particular, epigenetic
factors have been suggested as a regulatory source promoting endo-
metriosis development, including the expression and function of
microRNAs (miRNAs) (Guo, 2009; Qian et al., 2009; Teague et dl.,
2010; Hawkins et al., 201 1).

MiRNAs are small non-coding RNAs of 20—22 nucleotides, which
post-transcriptionally regulate gene expression and can control a

broad spectrum of normal and pathological cellular functions
(Djuranovic et al., 201 |; Huntzinger and |zaurralde, 201 I). First discov-
ered in 2003 (Lagos-Quintana et al, 2003; Lim et al, 2003),
microRNA-199a (miR-199a) has been shown to be down-regulated
in several cancerous tissues and to contribute to various malignant
processes, such as tumor invasion, metastasis and angiogenesis
(Shen et al., 2010; Cheung et al., 201 I). Furthermore, miR-199a can
target lkappaB kinase beta (IKKB) (Chen et al, 2008), a co-factor
required for nuclear factor-kappa B (NF-kB) pathway activation,
which may drive the expression of several genes related to malignant
transformation. Recently, multiple published studies have identified
differentially expressed miRNAs in endometriotic tissues (Pan et dl.,
2007; Toloubeydokhti et al., 2008; Burney et al., 2009; Ohlsson
Teague et al., 2009; Filigheddu et al., 2010; Hawkins et al., 201 1;
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Ramon et al., 201 1), and the results of one research study suggest that
miR-199a may decrease in endometriosis (Pan et al., 2007). However,
to the best of our knowledge, the expression level of miR-199a in
endometriosis has not been validated and the role of miR-19%a in
the disease remains largely unknown.

Numerous in vitro and in vivo studies have suggested that NF-«kB
plays an important role in regulating key cell processes that may con-
tribute to the initiation and progression of endometriosis, such as cell
adhesion, migration, invasion and angiogenesis (Gonzalez-Ramos et al.,
2010; Zhang et al., 2010, 201 1). NF-«kB is composed of homo- and
heterodimers of five members of the Rel family including NF-kBI
(p50), NF-kB2 (p52), RelA (p65), RelB and c-Rel (Rel). NF-kB
p50/p65 is generally considered to be the predominant and inducible
form of NF-kB in most cells, and the general term NF-«B traditionally
refers to the p50/p65 heterodimer (McKay and Cidlowski, 1999;
Karin et al., 2004). For this reason, throughout the remainder of this
text, the term NF-kB will refer to the NF-kB p50/p65 heterodimer
unless otherwise specified. In normal resting cells, NF-kB is seques-
tered in the cytoplasm by virtue of binding to inhibitor of kappa B
(IkB). IKKB is the major kinase controlling canonical pathway of
NF-kB activation, in which phosphorylation of IkB by IKK releases
NF-kB to enter nucleus, where it binds to cognate sequences in the
promoter region of multiple genes (Karin, 1999).

Interleukin-8 (IL-8) is an NF-kB inducible protein, which functions
as a potent angiogenic agent and a major chemotactic protein for neu-
trophils and T cells (Heidemann et al., 2003; Himmel et al., 201 ). In
addition to its angiogenic and chemotactic properties, IL-8 stimulates
the proliferation and metastasis of various cell types including lung
caner, melanoma and renal cell carcinoma (Luppi et al., 2007; Gabellini
et al., 2009; Huang et al., 2010). IL-8 expression has been shown to be
elevated in both endometrium and peritoneal fluid of women with
endometriosis (Ulukus et al., 2009; Kuroda et al., 2010). Moreover,
IL-8 stimulates the proliferation of endometrial stromal cells (ESCs)
(Arici et al., 1998). It also enhances the adhesion of ESCs to fibronec-
tin and increases the invasiveness of ESCs to the extracellular matrix
(ECM) (Garcia-Velasco and Arici, 1999; Mulayim et al., 2004), thus
it may be operative in the attachment of endometrial fragments to
the peritoneal lining and their development to endometrial lesions.

In this study, we hypothesized that miR-199a may be involved in the
pathogenesis of endometriosis by controlling endometrial cell invasive-
ness via regulating IKK/NF-kB pathway activity and IL-8 secretion.
Therefore, the expression levels of miR-199a in endometrial tissues
from women with or without endometriosis were compared, and
the invasion ability of miR-199a transfected ESCs was measured.
Further, we have identified a miR-199a regulated pathway that is
likely to contribute to the invasiveness of ESCs.

Materials and Methods

Human subject characteristics

The study included 12 women with endometriosis (mean age: 31.6 years;
range 24-38). All the women underwent surgical examination of the
abdominal cavity and a complete excision of the endometriotic tissue
was performed. The presence of the disease was confirmed by the surgical
findings and the post-operative pathological examination. Among these
cases, 12 (100%) have ovarian endometriosis (defined as biopsy-proven

endometrioma), 5 (41.7%) have peritoneal endometriosis (defined as
biopsy-proven serosal implant), 2 (16.7%) have rectovaginal endometriosis
(defined as posterior cul de sac obliteration due to endometriotic lesions)
and | (8.3%) have uterine leiomyomas. The endometriosis was identified
as Stages Ill-1V disease according to the Revised American Fertility Society
classification system. The control group was composed of 12 women
(mean age: 34.4 years; range 22—42) without endometriosis, who under-
went surgery for uterine prolapse (8.3%), uterine leiomyomata (33.3%),
tubal factor infertility (41.7%) or tubal sterilization (16.7%). The absence
of the disease was confirmed after surgical examination of the abdominal
cavity. The menstrual phase was identified according to the day of the
reproductive cycle and the histological analysis of the endometrium. Of
women with endometriosis, 10 (83.3%) were in the proliferative phase
and 2 (16.7%) were in the secretory phase of the menstrual cycle. In
the control group, nine (75%) controls were in the proliferative phase
and three (25%) were in the secretory phase of the menstrual cycle.
Patients with irregular menstruation or women who had been pregnant
or breast-feeding in the previous 6 months were excluded from the
study. None of the women had received hormonal treatment for at
least 3 months before the study. Informed consent was obtained from
all patients and controls using protocols approved by Institutional
Review Board of Shanghai Jiaotong University.

Tissue collection, cell culture
and transfection

Paired ovarian endometriomas and endometrial biopsies (eutopic endo-
metrium) were obtained from |2 patients with endometriosis, and
control endometrium was collected from 12 patients without endometri-
osis. A portion of eutopic endometrial tissues from women with endomet-
riosis were used for isolation and culturing of primary ESCs as previously
described (Brosens et al., 1999; Mulayim et al., 2004). The isolated cells
were cultured in Dulbecco’s Modified Eagle’s Medium/Ham’s Nutrient
Mixture F-12 containing 10% fetal bovine serum (FBS) and incubated at
37°C in a humidified 5% CO, incubator. MiR-199a mimics and negative
control (NC) miRNA were synthesized by Shanghai GenePharma
Company. The sequence of mimics and NC are as follows: miR-199a
mimics 5’-CCCAGUGUUCAGACUACCUGUUC-3" (forward), 5-ACA
GGUAGUCUGAACACUGGGUU-3" (reverse); NC 5-UUCUCCGAA
CGUGUCACGUTT-3  (forward), 5-ACGUGACACGUUCGGAGA
ATT-3' (reverse). MiR-199a mimics (50 nM) or NC (50 nM) were trans-
fected into ESCs using lipofectamine 2000 (Invitrogen, Grand Island, NY,
USA) according to the manufacturer’s instructions.

Quantitative real-time RT-PCR analysis

Total RNA was isolated by TRIzol Reagent (Invitrogen). TagMan kit
(Applied Biosystems, Foster City, CA, USA) specified for quantification
of miRNA was used to assess the expression of miR-199a and U6.
SYBR Green quantitative RT—PCR (qRT-PCR) was performed to detect
IL-8 and glyceraldehyde-3-phosphatedehydrogenase (GAPDH). Relative
expression levels were calculated using the 2722% method. Primers
used were as follows: for GAPDH, 5-TGCACCACCAACTGCTTAGC-3’
(forward) and 5'-GGCATGGACTGTGGTCATGAG-3' (reverse); for IL-8,
5-TCAGAGACAGCAGAGCACACAAGC-3" (forward) and 5-CACA
CAGTGAGATGGTTCCTTCCG-3' (reverse).

Cell adhesion assay

At 48 h post-transfection, ESCs (2 x 10%) were allowed to adhere to the
Matrigel (BD Bioscience, Bedford, MA, USA) coated well at 37°C for | h.
After incubation, each well was washed five times with phosphate-buffered
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saline (PBS) and the cells remaining attached to the Matrigel were fixed,
stained and counted under a microscope at x 200 magnification.

Cell migration assay

At 48 h post-transfection, cells (5 x 10 were placed into the upper wells
of the Boyden chamber (Millicell, 8-uwm pore size, |2-mm diameter;
Millipore, Billerica, MA, USA). The medium containing 20% FBS was
added to the lower chamber. After 8 h of incubation, cells that had
invaded through the 8-um pore size membrane were fixed, stained and
counted under a microscope at x 200 magnification.

Matrigel invasion assay

At 48 h post-transfection, cells (5 x 10 were placed into the upper wells
of the Boyden chamber that had been coated with 50 pl of Matrigel (I:3
dilution in serum-free medium). Medium supplemented with 20% serum
was added to the outer cup. After 24 h of incubation, cells that had
invaded through the Matrigel and the 8-wm pore size membrane were
fixed, stained and counted.

Reporter gene assay

A sequence containing miR-199a-predicted target within the IKKB 3’
(untranslated region) UTR CGCCTTGTCTGCACACTGGAGGTCCTC
CATT or a mutant sequence lacking any complementarity with
miR-199a seed sequence CGCCTTGTCTGCTGTGACCAGGTCCTC
CATT were cloned in the 3'UTR of the luciferase gene, generating
Luc.IKKB and Luc.control vectors, respectively. All the luciferase report
plasmids used in the experiment were confirmed by restriction enzyme
digestion and DNA sequence analysis. ESCs were transfected with these
constructs (200 ng/ml), using lipofectamine 2000, in the presence of
miR-199a or NC miRNA (50 nM). After 48 h, luciferase activity was
measured using Dual-Light luminescent reporter gene assay.

Western blot analysis

At 48 h post-transfection, total cell lysates were extracted by radio immu-
noprecipitation assay buffer, while cytoplasmic and nuclear protein
extracts were prepared using the Nuclear and Cytoplasmic Extraction
Reagents Kit (Pierce, Appleton, WI, USA) according to the supplier’s
instructions. Antibodies against IKKB, NF-kB (p65), IkB-a, IkB-a-Ser32P
were purchased from Cell Signaling Technology, Danvers, MA, USA, and
antibodies against GAPDH and nucleolin were purchased from Santa
Cruz Biotechnology, Santa Cruz, CA, USA. Western blotting was per-
formed as previously described (Dai et al., 2009).

Immunofluorescence

At 48 h post-transfection, cells were fixed for 5 min in 4% paraformalde-
hyde in PBS followed by permeabilization with cold methanol for 10 min.
Cells were then blocked with 2% bovine serum albumin and 1% goat
serum and incubated with rabbit anti-p65 antibody followed by secondary
Alexa Fluor 555-conjugated anti-rabbit immunoglobulin G. Cell nuclei
were also stained with diamidino-2-phenylindole hydrochloride (DAPI)
for 5 min at 37°C. Immunofluorescent samples were examined under con-
focal laser scanning microscope. The staining intensity of the p65 in the
nuclear area was quantified by using Image ] software (National Institutes
of Health, Bethesda, MD, USA).

ELISA assay

At 48 h post-transfection, cell culture supernatants were collected, centri-
fuged, aliquoted and immediately stored at —80°C. A commercially

available ELISA (R&D Systems, Hornby, ON, Canada) was used to
determine the IL-8 in the supernatants.

Statistical analysis

Each experiment comparing the effects of different treatments used the
same endometrial sample, and each experiment was repeated at least
three times on different specimens. Data were presented as mean + SD
and analyzed by SPSS software using non-parametric statistical analysis
(Mann—Whitney U-test for independent comparisons and Wilcoxon
signed-ranks test for paired comparisons). A P < 0.05 was defined as
statistically significant.

Results

MiR-199a is reduced in paired eutopic
endometrium and ovarian endometrioma
from patients with endometriosis

TagMan gRT-PCR analysis was used to compare the miR-199a
expression levels in 12 paired eutopic endometrium and ovarian endo-
metrioma from patients with endometriosis and 12 normal control
endometrium. As shown in Fig. |, the expression level of miR-199a
was lower in the eutopic endometrium from women with endometri-
osis, and even lower in the paired ovarian endometrioma, compared
with the expression in normal controls.

Ectopic expression of miR-199a attenuates
ESC invasiveness

Cell adhesion, migration and Matrigel invasion assays were carried out
to measure the invasiveness of ESCs. The potential effect of miR-199a
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Figure | The relative expression levels of miR-199a in 12 paired
eutopic endometrium and ovarian endometrioma from patients with
endometriosis and in |2 endometrium from women without endomet-
riosis (control endometrium). Data are expressed as mean + SD
miR-199a expression is presented as fold change relative to the
women without endometriosis group (control endometrium = I).
Mann—Whitney U-test was used to draw comparisons between endo-
metrial tissues from controls and endometriosis patients; while Wil-
coxon signed-ranks test was used to draw comparisons between
paired ovarian endometrioma and eutopic endometrium from endo-
metriosis patients.
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Figure 2 MiR-199a suppressed ESC invasiveness. (a) gRT-PCR analysis of miR-199a in ESCs at 24 h post-transfection. (b) Cell adhesion assay. At
48 h post-transfection, cells were added to a precoated 96-well plate containing Matrigel and allowed to adhere for | h at 37°C. The number of
attached cells was counted under a microscope at x 200 magnification. (c) Cell migration and invasion assay. (cl) Representative hematoxylin and
eosin staining fields of migrated or invaded cells on the membrane (c2) Average number of the migrated or invaded cells from triplicate cultures.
The results are shown as the mean + SD from triplicate cultures. (*P < 0.05 versus NC group).

on cell adhesion to ECM was assessed by using Matrigel, which con-
tains almost all of the ECM components. At 48 h post-transfection,
ESCs were harvested and plated to wells precoated with Matrigel.
We found that the number of adherent ESCs was significantly
decreased after miR-199a transfection (Fig. 2b). Cell migration and
Matrigel invasion assays were used to evaluate the change in migration
and invasion ability of ESCs after miR-199a transfection, and the
results showed that miR-199a significantly decreased the migration
and invasion activity of ESCs (see Fig. 2cl and c2).

MiR-199a targets and inhibits IKK{3 in ESCs

Computational prediction of targets by TargetScan software identified
IKKB as a miR-199a target. Figure 3a shows the alignment between
miR-199a and a highly conserved region within the 3'UTR of human
IKK, which represents a putative target sequence that can confer in-
hibition of translation by miR-199a. MiR-199a or NC miRNA were
co-transfected with Luc.IKKB or Luc.control into ESCs. As expected,
overexpression of miR-199a effectively attenuated luciferase activity of
Luc.IKKB, while NC miRNA had no effect on the reporter constructs.
Besides, both miR-199a and NC miRNA had no effect on the lucifer-
ase activity of Luc.control (Fig. 3b). These results suggest that
miR-199a has an inhibitory effect on the predicted binding site. We
then introduced miR-199a into ESCs and analyzed the expression of
IKKRB. Overexpression of miR-199a reduced the expression of IKKB

protein, but has little effect on IKKB mRNA, implying the

translation-inhibitory effect of miR-199a (Fig. 3c and d). The results
, 2010), which
shows that the mRNA levels of the target genes are not affected

are consistent with the prior research (Song et al.

but the protein levels are affected by miR-199a.

Negative regulation of the NF-kB pathway
by miR-199a

Previous studies have shown that IKKB can mediate NF-kB pathway
activation (Hernandez et al., 2010; Lin et al., 201 1). To determine the
effect of IKKB down-regulation induced by miR-199a, we examined
the localization of NF-kB by immunofluorescence in ESCs following
miR-199a transfection. Cells were fixed and immunostained for the
p65 subunit of NF-kB, and cell nuclei were identified by co-staining
with DAPI. NF-kB p65 was present in both nuclei and cytoplasm of
the NC transfected cells, while p65 subunit labeling was significantly
reduced in the nuclei of the miR-199a transfected cells (Fig. 4a and
b). To further validate miR-199a inhibition of NF-kB nuclear transloca-
tion, we isolated the nuclear fraction of cells transfected with miR-199a
and immunoblotted for the NF-kB p65 protein subunit. Densitometric
analysis revealed a decreased level of p65 protein in the nuclear lysates
of miR-199a transfected cells (Fig. 4c and d). NF-kB translocation and
transcriptional activity are inhibited by its association with |kB-o
protein. Western blot analysis of the whole cellular lysates of ESCs
after miR-199a transfection showed a reduction of IkB-a phosphoryl-
ation. Concomitantly, the level of endogenous |kB-a protein increased,
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Figure 3 MiR-199a targets and inhibits IKKB in ESCs. (a) The alignment between hsa-miR-199a and the 3'UTR of IKKR, identified by TargetScan
software. (b) The miR-199a target region, or a mutant, was cloned into the 3'UTR of a luciferase gene. These constructs were introduced into ESCs, in
addition to miR-199a mimics or NC. After 48 h, luciferase activity was measured, averaged and plotted. The y-axis represents the renilla luciferase
activity normalized to firefly luciferase activity. (*P < 0.05 versus the other three groups) (c) The IKKB mRNA level in transfected ESCs was analyzed
by qRT-PCR at 24 h post-transfection. (d) The IKKB protein level in transfected ESCs was analyzed by western blot at 48 h post-transfection. The
results are shown as the mean + SD from triplicate cultures. (*P < 0.05 versus NC group).

as expected, upon miR-199a transfection, corresponding to the
decrease of IkB-a phosphorylation (Fig. 4c and d).

MiR-199a inhibits the IL-8 secretion
from ESCs

IL-8 is an NF-kB inducible gene (Heidemann et al., 2003; Himmel
et al, 2011). To explore whether NF-kB pathway inhibition by
miR-199a transfection has an effect on the IL-8 expression, we mea-
sured both the mRNA and protein level of IL-8 in miR-199a trans-
fected ESCs. qRT-PCR analysis showed that miR-199a transfection
significantly inhibited the mRNA level of IL-8 (Fig. 5a). The level of
secreted IL-8, as measured by ELISA, is also reduced significantly
after transfection (Fig. 5b).

Discussion

In the current study, we found that miR-199a was down-regulated in
the ovarian endometrioma and eutopic endometrium from women
with endometriosis compared with normal controls. Furthermore,
we showed that miR-199a could inhibit ESC adhesion, migration and
invasion, which may be involved in the processes of endometriotic
lesion development. Additionally, we demonstrated that IKK(B is a
direct target of miR-199a in ESCs. Lastly, our data also showed that
miR-199a-induced IKKB reduction is accompanied by NF-«kB

pathway suppression and reduced IL-8 secretion, which may be the
underlying basis of ESC invasiveness (Fig. 6).

MiRNAs are small, non-coding RNAs that are frequently dysregu-
lated in female reproductive pathologies, including endometriosis
(Pan et al., 2007; Toloubeydokhti et al., 2008; Burney et al., 2009;
Carletti and Christenson, 2009; Ohlsson Teague et al., 2009;
Filigheddu et al., 2010; Hawkins et al., 201 |; Ramon et al., 201 ). In
the present report, we observed that the expression level of
miR-199a was lower in the eutopic endometrium from women with
endometriosis, and even lower in the paired ovarian endometrioma,
compared with the expression in normal controls. The differential ex-
pression of mMiRNAs in endometriosis has been previously evaluated.
In agreement with our results, Pan et al. (2007) have identified that
miR-199a is down-regulated in endometriotic tissues in comparison
with normal endometrium. However, down-regulation of miR-199a
was not reported by other studies on miRNA expression in endomet-
riosis (Burney et al,, 2009; Ohlsson Teague et al., 2009; Filigheddu
et al., 2010; Hawkins et al., 201 I; Ramon et al., 201 1). This is likely
due to the difference between the study designs, methods of analysis,
menstrual cycle phase at the time of biopsy and patient cohorts used
in their study when compared with ours.

Although endometriosis is a well-known disease, the pathogenesis
remains controversial. One of the currently accepted models of peri-
toneal endometriotic lesion development is that displaced endometrial
tissue in retrograde menstrual fluid progresses through a process of
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Figure 4 MiR-199%a inhibits NF-kB cellular localization, IkB-ac phosphorylation and NF-«kB pathway activation in ESCs. ESCs were transfected with
miR-199a mimics or NC for 48 h. (a) Cells were fixed and stained for the p65 subunit of NF-«kB (red, p65; blue, nuclei). Arrows indicate NF-kB p65
immunostaining in the cell nucleus, and asterisks indicate NF-kB p65 in the cytoplasm. (b) Summarized data show the immunofluorescent staining
intensity of p65 in the nuclear area of ESCs transfected with NC or miR-199a. (*P < 0.05 versus NC group) (c) ESCs were lysed after transfection,
and nuclear extracts were prepared and immunoblotted for either the p65 subunit of NF-«kB or nucleolin. Whole cell lysates of transfected ESCs were
immunoblotted for phospho-IkB-a, total [kB-a and GAPDH. Nucleolin and GAPDH were used as the loading control. (d) Summarized data show the
average protein of NF-«kB p65, phospho-IkB-a and total IkB-a (normalized to the protein level of GAPDH or nucleolin) corresponding to the bands
shown in the western blots. The results are shown as the mean + SD from triplicate cultures. (*P < 0.05 versus NC group).

adhesion, invasion, proliferation and neovascularization in order to
become established at an ectopic site (Giudice and Kao, 2004; Hull
et al., 2008). Also, altered immune surveillance, stem cells, genetic
predisposition, environmental and hormonal factors could be involved
in the pathogenesis (Koninckx et al., 1994; Matsuura et al, 1999;
Gargett and Masuda, 2010; Giudice, 2010). A considerable body of
evidence indicates that miR-199a may play a critical role in regulating
cell adhesion, migration and invasion (Shen et al., 2010; Song et al.,
2010; Cheung et al., 201 I). MiR-199a inhibits the invasion and metas-
tasis of testicular cancer cell by targeting podocalyxin-like protein |
(Cheung et al., 201 1). Moreover, decreased expression of miR-199a
in hepatocellular carcinoma contributes to increased cell invasion by
functional deregulation of discoidin domain receptor | activity (Shen
et al, 2010). However, miR-199a is highly expressed in gastric
cancer and positively regulates cell migration and invasion partly by
targeting mitogen-activated protein kinase kinase kinase |1 (Song
et al., 2010). To the best of our knowledge, there ’s no published
data on the effect of miR-199a on ESCs. In this report, we describe
that miR-199a transfection inhibits ESC adhesion to ECM, which sug-
gests that miR-199a may play a key role in regulating cell attachment to
ectopic sites. Moreover, in vitro invasion and migration assay reveal

that miR-199a attenuates both cell migration and invasion, which
suggests that miR-199a may be involved in cell implantation in
ectopic sites. Thus, our results suggest that miR-199a may be involved
in endometrial implants formation and endometriosis development.
Recent studies indicate that miR-199a family may also be associated
with other disorders of the female reproductive system (Daikoku
et al, 2008; Nam et al., 2008; Eitan et al., 2009). MiR-199a is
related to the progression and prognosis of ovarian cancer (Nam
et al., 2008). In addition, miR-199a* has been suggested to be involved
in endometrial cancer development by targeting cyclooxygenase-2
(COX-2) (Daikoku et al., 2008). Moreover, increased expression of
miR-199a* corresponds to the resistance of platinum-based chemo-
therapy in ovarian cancer (Eitan et al, 2009). Therefore, exploring
the function of miR-199a may lead to the development of effective
therapies against these disorders.

One of the best ways to understand miRNA function is via the elu-
cidation of functional targets, which usually involves analysis of changes
in target proteins following either a gain or loss of function of the spe-
cific miRNA. IKKB has been validated as a potential miR-199a target in
ovarian cancer cells (Chen et al., 2008). However, the targets of
certain miRNAs could be tissue-specific, in other words, certain
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Figure 5 MiR-199a represses the IL-8 production from ESCs. (a)
ESCs were transfected with miR-199a mimics or NC for 24 h, and
IL-8 mRNA expression was analyzed by qRT-PCR. (b) ESCs were
transfected with miR-199a mimics or NC for 48 h, and IL-8 protein
secretion in the culture medium was analyzed by ELISA. Results are
presented as mean + SD from three separate experiments
(*P < 0.05 versus NC group).

SIGNALS

Up-regulation of invasion
related genes

miRNAs can regulate different types of cells through down-regulation
of different target genes (Dahiya et al., 2008; Inomata et al., 2009).
Although IKKB is a target of miR-199a in ovarian cancer (Chen
et al., 2008), it has not been determined whether IKK@ is also a
direct target of miR-199a in ESCs. To answer this question, we exam-
ined the regulation of miR-199a at the binding site of the 3’'UTR of
IKKB mRNA in comparison to seed region mutants using dual lucifer-
ase reporter gene assays. The results indicate that IKK( is also a target
gene of miR-199a in ESCs. Moreover, miRNA can guide post-
transcriptional regulation of protein synthesis by means of targeted
RNA degradation or translational arrest (Huntzinger and lzaurralde,
2011). Our results show that the protein level of IKKB could be down-
regulated by miR-199a but the mRNA level was almost unaffected,
even in higher miRNA transfection dosages (data not shown). This
suggests a translation-inhibitory effect of miR-199a rather than induc-
tion of RNA degradation. Our results are consistent with the prior
research (Song et al., 2010), which shows that the mRNA levels of
the target genes are not affected but the protein levels are affected
by miR-199a. However, the results of another paper show that
miR-199a could significantly degrade the mRNA of the target gene dis-
coidin domain receptor |, although miR-199a is partially complemen-
tary to the 3’'UTR of the target gene (Shen et al., 2010). The
mechanisms underlying these phenomena may need further research.

IKKB, one of the catalytic subunits of IKK complex, is responsible
for the phosphorylation of the NF-«kB inhibitors and necessary for
the canonical pathway activation of NF-«kB (Karin, 1999). It has
been shown that down-regulating IKK{ activity, either by a small
molecule kinase inhibitor or by short hairpin RNA depletion, could
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Figure 6 Overview of the negative regulation of the IKK/NF-«B pathway by miR-199a. ESCs have high levels of IKKB expression, and when sti-
mulated, NF-kB activation leads to cytokine production and cell invasion. While miR-199a was transfected into ESCs, it used the inhibitory machinery
to reduce the expression of its target gene IKKp, thereby suppressing the IKK/NF-kB pathway activation and attenuating cytokine production (for

example IL-8) and cell invasiveness.
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inhibit the activation of NF-kB signaling and attenuate ovarian cancer
aggressiveness (Hernandez et al., 2010). Our results are consistent
with this report, indeed miR-199a-induced IKK@ protein down-
regulation is accompanied with both decreased |kB-o phosphoryl-
ation and lowered NF-kB nuclear translocation, which suggests
that miR-199a may inhibit NF-kB pathway activation through down-
regulating IKKB protein expression. Numerous findings suggest that
NF-kB may be a major culprit in the pathophysiology of endometri-
osis (Guo, 2007; Wieser et al., 2007; Gonzalez-Ramos et al., 2010).
Constitutive activation of NF-kB has been demonstrated in endome-
triotic lesions (Gonzalez-Ramos et al., 2007). NF-kB transcriptional
activity modulates key cell processes contributing to the initiation
and progression of endometriosis (Gonzalez-Ramos et al., 2010).
NF-kB activation promotes endometriotic lesion development
while NF-kB inhibition reduces endometriosis symptoms in women
(Huber et al., 2004; Wieser et al., 2007). Thus, it is possible that
miR-199a could attenuate ESC invasiveness partly through NF-«kB
pathway inhibition.

In vitro and in vivo studies show that NF-kB inhibition could reduce
endometriosis development and maintenance partly by reducing
proinflammatory and invasion mediators (Tagashira et al., 2009;
Veillat et al, 2009). IL-8, a major NF-kB inducible gene, is one of
these mediators, and NF-kB can regulate IL-8 expression in various
kinds of cells, such as bronchial epithelial cells, endothelial cells and
colorectal cancer cells (Abolhassani et al., 2008; Fang et al., 2010;
Kanoh et al., 2011). In the present study, both IL-8 mRNA and
protein down-regulation are observed after miR-199a transfection,
and are accompanied with reduced NF-kB nuclear translocation and
activation. These results suggest that miR-199a may function, in
part, through the NF-kB pathway to down-regulate IL-8 expression.
IL-8 is involved in ESC adhesion, invasion and growth (Arici et al.,
1998; Garcia-Velasco and Arici, 1999; Mulayim et al., 2004). In
ESCs, IL-8 enhances the adhesion of ESCs to fibronectin, and thus
may be involved in the attachment of endometrial fragments to the
peritoneal lining (Garcia-Velasco and Arici, 1999). Additionally, IL-8
increases the invasiveness of ESCs to the ECM by up-regulating
matrix metalloproteinase (MMP)-9 and MMP-2 activity (Mulayim
et al., 2004). Moreover, IL-8 induces the proliferation of ESCs as a
potential autocrine growth factor (Arici et al., 1998). Thus, inhibition
of ESC invasiveness by miR-199a may be partly attributed to IL-8
down-regulation.

Collectively, our present results have revealed that miR-199a is
down-regulated in endometriosis, and the expression level of
miR-199a affects the invasive ability of ESCs in vitro. Furthermore,
it seems that miR-199a attenuates ESC invasiveness partly through
IKKB/NF-kB pathway suppression and reduced IL-8 expression
(Fig. 6). Similar regulation is present in ovarian cancer cells:
miR-199a could affect the NF-kB activity in ovarian cancer cells by
targeting IKKB (Chen et al., 2008). Besides, it was also involved in
the formation of a pro-infllmmatory environment in ovarian
cancer, which may have implications in tissue repair, chemoresis-
tance and tumor progression (Yin et al., 2010). In addition,
miR-199a* has been suggested to be involved in endometrial
cancer development by targeting COX-2 (Daikoku et al., 2008).
Therefore, our results provide further evidence that the miR-199a
family has been implicated in a variety of pathological conditions of
the female reproductive system, which indicates that miR-199a

may be a potential therapeutic target of these disorders. However,
until now, the exact mechanisms underlying the effect of miR-199a
are just beginning to be elucidated. Whether other signaling path-
ways can also be controlled by miR-199a remains to be determined
in future studies.
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