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Staphylococcus aureus (S. aureus), a notorious pathogenic bacterium prevalent in the environment, causes a wide range of
inflammatory diseases such as endometritis. Endometritis is an inflammatory disease in humans and mammals, which
prolongs uterine involution and causes great economic losses. MiR-30a plays an importan trole in the process of inflammation;
however, the regulatory role of miR-30a in endometritis is still unknown. Here, we first noticed that there was an increased
level of miR-30a in uterine samples of cows with endometritis. And then, bovine endometrial epithelial (BEND) cells
stimulated with the virulence factor lipoteichoic acid (LTA) from S. aureus were used as an in vitro endometritis model to
explore the potential role of miR-30a in the pathogenesis of endometritis. Our data showed that the induction of the miR-30a
expression is dependent on NF-κB activation, and its overexpression significantly decreased the levels of IL-1β and IL-6.
Furthermore, we observed that the overexpression of miR-30a inhibited its translation by binding to 3′ −UTR of MyD88
mRNA, thus preventing the activation of Nox2 and NF-κB and ROS accumulation. Meanwhile, in vivo studies further revealed
that upregulation of miR-30a using chemically synthesized agomirs alleviates the inflammatory conditions in an experimental
mouse model of endometritis, as indicated by inhibition of ROS and NF-κB. Taken together, these findings highlight that miR-
30a can attenuate LTA-elicited oxidative stress and inflammatory responses through the MyD88/Nox2/ROS/NF-κB pathway
and may aid the future development of novel therapies for inflammatory diseases caused by S. aureus, including endometritis.

1. Introduction

Endometritis is a reproductive disorder characterized by
local inflammation of the endometrium, which leads to
delayed uterine involution and huge economic losses [1–-
3].Gram-positive bacteria Staphylococcus aureus (S. aureus)
has been recognized as a typical opportunistic pathogen
prevalent in the environment, which has the potential to
induce endometritis [4]. S. aureus is highly resistant to mul-

tiple antibiotics, subsequently making treatment more diffi-
cult [5].Therefore, it would be highly desirable to discover
and develop novel therapeutic approaches to endometritis
caused by S. aureus.

Lipoteichoic acid (LTA), a negatively charged glycolipid,
exists on the cell wall surface of S. aureus [6]. Emerging
evidence has shown that LTA has the same proinflammatory
properties as lipopolysaccharide (LPS) and plays a crucial role
in the inflammatory reactions induced by S. aureus [7, 8].
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Endometrial epithelial cells express toll-like receptors
(TLRs) and participate in the pathogenesis of endometritis
[9]. TLRs recognize pathogen-associated molecular patterns
(PAMPs) of pathogenic bacteria and then trigger inflamma-
tory responses via intracellular signaling cascade, in which
MyD88 is an important adaptor protein [10, 11]. More
importantly, a recent report using purified LTA from S.
aureus has clearly indicated that S. aureus LTA can effi-
ciently stimulate monocytes through TLR2to secrete inflam-
matory mediators [12].

When cells are subjected to oxidative stress elicited by
inflammatory responses, upregulated levels of reactive oxy-
gen species (ROS) may produce various deleterious effects
within the tissues [13]. It has previously been observed that
ROS are implicated in the process of many inflammatory
diseases, including endometritis [14]. NADPH oxidase is
considered to be an important source of ROS under a vari-
ety of pathologic conditions. In recent studies, Lee et al.
have reported that LTA induces ROS production via the
MyD88-mediated NADPH oxidase2 (Nox2) pathway [15].
High intracellular level of ROS can activate downstream
signaling pathways, including NF-κB pathway [16]. NF-κB
is a key transcription factor involved in a diverse set of
pathological processes, such as bacterial-induced inflamma-
tion. Once activated, NF-κB promotes the transcription of
inflammatory genes and subsequent the secrete of inflam-
matory cytokines, further aggravating cell and tissue dam-
age [17].Thereafter, blockage of ROS-mediated NF-κB
activation can be an effective treatment method to improve
the outcome of inflammatory diseases such as endometritis.

In the last decades, the regulatory function of micro-
RNAs (miRNAs) in various biological processes has
attracted extensive attention. MiRNAs are an evolutionarily
conserved class of small noncoding RNA, which negatively
modulate the gene expression predominantly through bind-
ing to 3′-untranslated region (UTR) [18]. A considerable
number of studies on the regulatory effects of miRNAs have
revealed the relationship between miRNAs and inflamma-
tion. Indeed, abnormal expression levels of miRNAs are
closely associated with the occurrence of various inflamma-
tory diseases, such as asthma [19], atherosclerosis [20], and
pneumonia [21]. Numerous miRNAs have been confirmed
to restrain NF-κB pathway via inhibiting NF-κB-activating
proteins. For instance, miR-16and miR-223 blunt NF-κB
pathway by downregulating IKKα [22]. Notably, studies that
determine the molecular modulator of endometritis have
implied the involvement of miRNAs in the pathogenesis of
endometritis [23]. Our previous study has also shown that
upregulation of the miR-92b expression improves the
outcome of endometritis in mice via targeting PTEN
[17].miR-30a is a highly conserved and multifunctional
miRNA and has been demonstrated to be involved in tumor
growth and immune response. It was found that miR-30a
regulates IRF4 to influence IL-17-associated autoimmune
inflammation and also mediates the inflammatory macro-
phage polarization [24]. In particular, upregulation of miR-
30a targets Neurod1 and alleviates the inflammatory
responses during injured spinal cord [25]. However, the reg-
ulatory function of miR-30a in S. aureus endometritis has

not been studied. In this study, we screened the possible tar-
gets of miR-30a using the online miRNA target prediction
program and identified MyD88 as a potential target ofmiR-
30a. In addition, we have also determined that the miR-30a
overexpression impairs the inflammatory response induced
by S. aureus LTA stimulation. Thus, miR-30a may be a
new therapeutic target for inflammatory diseases such as S.
aureus endometritis.

2. Materials and Methods

2.1. Collection of Uterine Tissue Samples. Uterine tissues
from cows with and without endometritis (n = 3) were col-
lected according to the guidelines and stored at -80°C for
further experiments.

2.2. Mouse Model and Sampling. BALB/c mice (female, 6-8
weeks old) were provided by the Experimental Animal Cen-
ter of Zhejiang University (Hangzhou, China). The mice
were randomly assigned into four groups (n = 10): agomir-
NC group, agomir-30a group, agomir-NC+ LTA group,
and agomir-30a+LTA group. An experimental mouse
model of endometritis was established as previously
described [14]. The mice were perfused equal amounts of
LTA (1mg/kg) on each side of the uterus to induce endome-
tritis, and the control group received equal volumes of PBS.
In order to increase the expression of miR-30a, the mice
were injected with chemically synthesized agonists (ago-
mir-30a, 0.5μmol/kg) for three consecutive days before
LTA administration. Then, the mice were euthanized at
24 h after LTA administration, and the uterine tissue from
each group was collected for molecular biological analysis.
All experiments were repeated three times. All animal exper-
iments involved in the research were approved by the Ethical
Committee on Animal Research at Yunnan Agricultural
University (Kunming, China).

2.3. Histopathological Analysis. The tissue samples were
fixed in 4% paraformaldehyde, dehydrated with graded alco-
hol, and embedded in paraffin. And then, the samples were
sectioned and stained with hematoxylin and eosin (H&E).
The histopathological abnormalities were assessed under
an optical microscope (Olympus, Japan).

2.4. Cell Culture. BEND cells were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM, HyClone, USA) con-
taining 10% FBS at 37°C with 5% CO2. After the cell state
is stable, the cells were treated with LTA (10μg/mL) alone
or with other treatments. After the indicated treatments,
the cells were collected for further experiments.

2.5. Cell Transfection. The mimics, inhibitors, siRNAs, and
their negative controls (NC) were synthesized by Gene-
Pharma (Shanghai, China). Cells were transfected with
mimics, inhibitors, or siRNAs with Lipofectamine 2000
(Invitrogen, USA) following the manufacturer’s instructions.

2.6. QPCR Analysis. Total RNA from tissues or cells was
extracted with TRIzol Reagent. The concentration of total
RNA was determined by the spectrophotometer Q5000

2 Oxidative Medicine and Cellular Longevity



(Quawell Technology, USA) and then reverse-transcribed
into cDNA by using a reverse transcription kit (Vazyme
Biotech, China). qPCR was carried out using a real-time
PCR kit (GenePharma, China) in accordance with the man-
ufacturer’s instructions. The 2–ΔΔCt method was utilized to
calculate the relative expression of genes. MiR-30a was nor-
malized to U6 snRNA, and the IL-1β and IL-6 expression
was normalized to GAPDH. The primers are listed in Sup-
plementary Table 1.

2.7. Enzyme-Linked Immunosorbent Assay (ELISA). The
amounts of IL-1β and IL-6 were detected by ELISA kits
(BioLegend, Camino Santa Fe, USA) following the manufac-
turer’s instructions.

2.8. Preparation of Protein Extracts and Western Blot
Analysis. The protein extracts were prepared with ice-cold
RIPA lysis buffer (Beyotime, China). After quantitative
determination of protein concentration in each sample with
a BCA assay kit, equal amounts of protein were subjected to
10% SDS-PAGE and then electrotransferred onto polyviny-
lidene fluoride (PVDF) membranes, which was blocked with
5% nonfat milk at room temperature for 2 h. Then, the
membranes were probed with primary antibodies for over-
night at 4°C, followed by incubation with secondary anti-
bodies for 1 h at room temperature. The quantification of
the protein expression was normalized to β-actin using the
ImageQuant LAS 4000 mini (GE Healthcare).

2.9. Luciferase Reporter Assay. The possible binding site
between miR-30a and MyD88was predicted using TargetScan
7.2. To assess whether MyD88 is a direct target of miR-30a, we
cloned 3′-UTR of MyD88 into a psiCHECK™-2 vector to
generate the luciferase reporter vectors containing wild or
mutant 3′-UTR of MyD88. For the luciferase reporter assay,
HEK293T cells were cotransfected with the luciferase reporter
vectors and miR-30a mimics/NC. After 24h of transfection,
the cell lysates were harvested with passive lysis buffer, and
the luciferase activities were then detected with a dual-
luciferase assay kit (Promega, USA).

2.10. Intracellular ROS Assay. The intracellular ROS were
measured using the fluorescent probe 2′,7′-dichlorofluor-
escein-diacetate (DCFH-DA). After the corresponding treat-
ment, BEND cells were incubated with 10μM DCFH-DA in
the dark at 37°C for 30min. The cells were washed twice
with PBS, and then the fluorescence intensity was assayed
with a fluorescence microscope (Leica,Germany).

2.11. Immunofluorescence Assay. After the corresponding
treatment, the cells were collected and fixed with 4% para-
formaldehyde, permeabilized for10 min with 0.1% Triton
X-100, and then blocked with 3% bovine serum albumin
(BSA) for 1 h. Then, the cells were washed and incubated
with special primary antibodies overnight at 4°C. Next, the
cells were incubated with a fluorescent-labeled second anti-
body for 1 h at room temperature. The cell nuclei were
stained using DAPI for 15min in the dark, and the fluores-
cence images were visualized using a fluorescence micro-
scope (Olympus,Japan).

2.12. Statistical Analysis. Data were calculated using the
GraphPad Prism Program (GraphPad, USA) and expressed
as mean ± SEM. Differences between two groups were
analyzed using an unpaired Student’s t-test, and one-way
analysis of variance (ANOVA) was used for multiple com-
parisons. A value of P < 0:05 or 0.0.1 was considered statis-
tically significant.

3. Results

3.1. Increased miR-30a Expression Is Associated With
Endometritis. As displayed in Figure 1(a), hyperemia, edema,
cell necrosis, and inflammatory cells were observed in the
endometritis group when compared with the normal group.
Some key inflammatory mediators have been found to be
related to the occurrence and development of endometritis,
including IL-1β and IL-6 [26].Thus, the expression levels
of IL-1β and IL-6 were measured. ELISA results showed that
these proinflammatory cytokines were remarkably increased
in the endometritis group (Figure 1(b)). In addition, the
miR-30a level was also notably upregulated in the endome-
tritis group when compared to the normal group
(Figure 1(c)). These data reveal that upregulated miR-30a
might be associated with endometritis.

3.2. Elevated Expression of miR-30a following S. aureus LTA
Stimulation. Bovine endometrial epithelial (BEND) cells
were treated with S. aureus LTA for different times, and
the miR-30a expression was determined by qPCR. As shown
in Figure 2(a), the miR-30a expression was increased in a
time-dependent manner upon LTA stimulation and reached
a peak at 12 h. Besides, the IL-1βand IL-6 levels were also
notably increased at 12 h (Figure 2(b)),accompanied by an
elevated level of ROS(Figure 2(c)).These results suggest that
the upregulatedmiR-30a expression was induced by LTA
stimulation in BEND cells.

3.3. NF-κB-Dependent Induction of miR-30a upon S. aureus
LTA Stimulation. NF-κB is an essential regulator of the
inflammatory response during endometritis [17].Our results
indicated that the phosphorylatedNF-κB p65 (p-p65) level
was obviously increased following S. aureus LTA stimulation
(Figure 3(a)).Recent studies have reported that NF-κB is able
to bind to the promoter region of miR-30 to induce its
transactivation [27]. To determine whether the upregulation
of miR-30a by LTA was also mediated by NF-κB activation,
we constrained NF-κB activities by means of a specific
NF-κB inhibitor (BAY-117082). As expected, treatment with
BAY-117082 significantly blocked the nuclear translocation
of p65, which was consistent with the western blot analysis
of p-p65(Figures 3(a) and 3(b)). Moreover, the miR-
30aexpression induced by LTA was also obviously decreased
after NF-κB inhibition (Figure 3(c)). These results imply that
induction of the miR-30a expression by LTA depends on
NF-κB activation.

3.4. Overexpressionof miR-30a Impairs the Inflammatory
Cytokine Production. LTA can activate NF-κB and then pro-
mote the release of proinflammatory cytokines, which pro-
mote the development of endometritis [14]. To uncover
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the potential role ofmiR-30a in proinflammatory cytokine
production, BEND cells were transfected with miR-30a
mimics and then exposed to LTA for 12h. As displayed in
Figures 4(a) and 4(b), the overexpression of miR-30a remark-
ably decreased LTA-induced IL-1β and IL-6 secretion. These
data demonstrated that miR-30a plays an anti-inflammatory
role in the LTA-induced inflammatory reactions.

3.5. MyD88 Is a Molecular Target of miR-30a. To unveil the
potential mechanisms through which miR-30a exerts its
anti-inflammatory activity, its potential molecular targets
were predicted. Among all the putative targets, we selected
MyD88 related to the TLRs/NF-κB signaling as the target
for miR-30a in the present study. The putative target seed
sequence was shown in Figure 5(a). To further ensure that
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Figure 1: Expression of miR-30a in endometritis. (a) Analysis of pathohistology. Scale bar = 50 μm. (b) The levels of IL-1β and IL-6 were
measured by ELISA. (c) The miR-30a expression was detected by qPCR. Data are presented as mean ± SEM. ∗P < 0:05, ∗∗P < 0:01.
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Figure 2: LTA increases the miR-30a expression in BEND cells. (a) BEND cells were administrated with 10 μg/mL LTA at different times,
and the miR-30a expression was assessed by qPCR. (b) BEND cells were administrated with 10μg/mL LTA for 12 h, and the release of IL-1β
and IL-6 was detected by qPCR. (c) The ROS production was determined by means of the fluorescent probe DCFH-DA. Scale bar = 50μm.
Data are presented as mean ± SEM. ∗P < 0:05, ∗∗P < 0:05.
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miR-30a is capable of targeting MyD88, a luciferase reporter
assay was performed. As shown in Figure 5(a), the introduc-
tion of miR-30a was able to markedly inhibit the luciferase
activity of HEK293T cells transfected with the luciferase
reporter vectors containing wild 3′-UTR of MyD88, but
not those transfected with the mutated vectors. Further-
more, the MyD88 protein was detected in BEND cells
treated with miR-30a mimics or inhibitors. We found that
the overexpression of miR-30a markedly decreased the
MyD88 expression (Figures 5(b) and 5(c)), while inhibition
of miR-30a increased the level of MyD88 (Figures 5(d) and
5(e)). Overall, these results suggest that MyD88 is a molecu-
lar target of miR-30a.

3.6. miR-30a Dampened NF-κB Activation by Inhibiting the
MyD88/Nox2/ROS Axis. MyD88 is a critical regulator impli-
cated in inflammation by modulating Nox2-dependent ROS
production [15]. Moreover, ROS has been confirmed to
activate NF-κB pathway [28]. Herein, we investigate the
effects of miR-30a on MyD88, Nox2, ROS, and NF-κB. As
illustrated in Figures 6(a) and 6(b), LTA notably induced
the MyD88, Nox2, and p-p65 levels, accompanied by a notice-
able increase in ROS generation; however, these values were
decreased by the miR-30a overexpression. To verify whether
the action of miR-30a is mediated by MyD88, we performed
a rescue experiment by transfecting the cells with the recombi-
nant plasmids overexpressing MyD88 (pcDNA3.1-MyD88).
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Figure 3: NF-κB activation promotes the induction of miR-30a. (a) BEND cells were pretreated with BAY-117082 for 1 h and then exposed
to LTA for 12 h. Western blot was performed to detect the p-p65 and p65 protein levels. The relative expression level of p-p65 was
normalized to p65. (b) Nuclear translocation of NF-κB p65 was analyzed by immunofluorescence staining. Scale bar = 20μm. (c) The
miR-30a expression was detected by qPCR. Data are presented as mean ± SEM. ∗P < 0:05, ∗∗P < 0:01.

4

3

2

1

0

Re
lat

iv
e e

xp
re

ss
io

n 
le

ve
l

IL-6

∗∗ ∗

∗∗ ∗

IL-1β

mimics NC
mimics NC+LTA
miR-30a mimics+LTA

(a)

IL-6

∗∗ ∗

∗∗ ∗

IL-1β

mimics NC
mimics NC+LTA
miR-30a mimics+LTA

600

400

200

Cy
to

ki
ne

s c
on

ce
nt

ra
tio

n 
(p

g/
m

l)

0

(b)

Figure 4: Overexpressing miR-30a reduces LTA-induced IL-1β and IL-6 production. BEND cells were transfected with miR-30a mimics for
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The results showed that the overexpression of MyD88 sig-
nificantly alleviated LTA-induced MyD88, Nox2, p-p65,
and ROS production (Figures 6(a) and 6(b)).Furthermore,
upregulation of MyD88 also reversed the inhibitory effects
of miR-30a on NF-κB p65 (Figure 6(c)). These results dem-
onstrate that miR-30a depresses oxidative stress and inflam-
matory responses by inhibiting the MyD88/Nox2/ROS/NF-
κB pathway.

3.7. Upregulation of miR-30a Attenuates LTA-Induced
Endometritis in Mice. Our in vitro data revealed miR-30a
functions as a key negative regulator of the MyD88/Nox2/
ROS/NF-κB pathway and thereby alleviates LTA-induced
oxidative stress and inflammation. Next, to further evaluate
the therapeutic potential of miR-30a in vivo, agomir-30a
(miR-30a agonist) or agomir-NC (negative control) was uti-
lized to transiently upregulate the miR-30a expression in

mice, followed by infusion of LTA or PBS into the uterine
cavity. As shown in Figure 7(a), administration with
agomir-30a upregulated the miR-30a expression in uterine
tissues when compared with agomir-NC. Furthermore, the
miR-30a overexpression remarkably suppressed the accu-
mulation of ROSinduced by LTA (Figure 7(b)), accompa-
nied by reduction of p65 activation as well as IL-1β and
IL-6 (Figures 7(c) and 7(d)). These data uncover the impor-
tant role of miR-30a in endometritis and also provide a basis
for developing novel approach to endometritis.

4. Discussion

Endometritis severely weakens the reproductive health of
women and mammals and imposes a significant economic
burden on dairy farms. Although many antibiotics such as
oxytetracycline have been broadly employed for the control
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Figure 5: MyD88 is a molecular target of miR-30a. (a) The alignment of miR-30a and MyD88 3′-UTR by computational prediction.
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of endometritis, the abuse of antibiotics leads the emergence
of drug-resistant strains in the environment. Hence, it is
necessary to develop innovative treatment strategies for
endometritis. Here, we verify that miR-30a exerts anti-
inflammatory and antioxidant roles by inhibiting the
MyD88/Nox2/ROS-activated NF-κB pathway.

Microbial components evoke a wide range of intracellu-
lar signaling cascades that govern the host inflammatory

reactions via activation of TLRs [29]. So far, 10 TLRs
(TLR1-TLR10) have been clearly identified in cattle
[30].TLR2 functions as the critical receptor for LTA from
S. aureus. S. aureus LTA is able to act as an immune system
stimulus, which plays a significant role in the regulation of
many genes that are implicated in inflammatory diseases
[8].A previous report has pointed that LTA evokes TNF-α
release via the TLR2 signaling [12]. In general, theTLR2-
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mediated intracellular signaling is initiated by some important
adapter proteins, such as MyD88. Upon activation of TLR2,
MyD88 is recruited to TLR domains and then provokes down-
stream NF-κB pathway [31]. Once NF-κB is activated, one of
its subunits, p65, transfers from cytoplasm to nucleus and then
induces the transcription of inflammation-related genes,
which ultimately leads to the development of endometritis

[32]. Additionally, some proinflammatory cytokines includ-
ing IL-1β and IL-6 also can promote the release of other
inflammatory mediators, leading to apoptosis of epithelial
cells, thereby aggravating endometrial damage. We found
that the IL-1β and IL-6 levels were significantly elevated in
uterine tissues with endometritis. In addition, their levels
were also downregulated in LTA-stimulated BEND cells.
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Figure 7: Upregulation of miR-30a improves LTA-induced endometritis in mice. (a) The mice were injected with chemically synthesized
miR-30a agonists (agomir-30a), followed by intrauterine infusion of LTA to induce endometritis. The miR-30a expression was measured
by qPCR. (b) Immunofluorescence staining of ROS. Scale bar = 50μm. (c) Immunofluorescence staining of NF-κB p65. Scale bar = 50 μm.
(d) ELISA measurement of IL-1β and IL-6. Data are presented as mean ± SEM. ∗P < 0:05, ∗∗P < 0:01.
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Thus, suppression of the NF-κB pathway can improve the
outcome of some inflammatory diseases such as endometritis.

Over the last ten years, the regulatory function of
miRNAs in inflammation has already received growing
attention. Some miRNAs are able to be negative feedback
modulators of inflammatory reactions by targeting proteins
implicated in signal transduction [22, 33]. More impor-
tantly, a considerable number of miRNAs, includingmiR-
30, have been found to be associated with endometritis
[23]. miR-30a’s nucleic acid sequence is highly conserved
in cattle, human, and mice. It has been reported that miR-
30a is involved in the process of tumor growth as a tumor
inhibitor. For instance, the ectopic expression of miR-30a
suppresses the proliferation and migration and tumorigene-
sis of gastric cancer cells by directly inhibiting ITGA2
[34].More notably, the immunomodulatory effect of
miR-30a has been disclosed in several studies. Silence of
miRNA-30a polarizes macrophages toward M2 phenotype
to ameliorate cardiac injury through targeting SOCS1 [24].
Moreover, another study clearly showed that the overexpres-
sion of miR-30a in monocyte cells significantly attenuates
Mycobacterium tuberculosis infection, as well as the secre-
tion of TNF-α, IL-6, and IL-8 [35]. However, the underlying
regulatory mechanisms of miR-30a in endometritis remain
unclear. Here, the miR-30a expression was notably upregu-
lated in endometritis tissue samples, suggesting its involve-
ment in the development of endometritis. Previous studies
have revealed that transactivation of miR-30b gene is depen-
dent on NF-κB p65 activation following Cryptosporidium
parvum infection [27]. Therefore, we speculate that miR-
30a, like miR-30b, is also regulated by NF-κB. Here, we con-
firmed that LTA markedly induced the miR-30a expression,
which was regulated by NF-κB p65. Furthermore, analysis of
the biological function of miR-30a revealed that the miR-30a
overexpression decreased proinflammatory cytokine pro-

duction and ROS accumulation, hinting that it possesses
anti-inflammatory and antioxidant effects. Thus, the induc-
tion of miR-30a by LTA is considered to be an adaptive
mechanism to protect the body from inflammatory damage.
To further delineate the mechanism of miR-30a’s anti-
inflammatory effect, we predicted its molecular targets.
Through an online prediction program, we screened out
MyD88, an essential adaptor protein of TLR2 signaling,
and further confirmed MyD88 as the target of miR-30a.

ROS are essential for the clearance of invading microor-
ganisms, but their overproduction can induce inflammatory
damage to tissues [13].The NADPH oxidase (Nox) family
has merged as a major source of ROS in signal transduction
[36]. ROS have been found to be involved in numerous
inflammatory disorders such as atherosclerosis [37] and
neurodegeneration [38]. Importantly, our studies have
attributed the cellular damage in the pathologies of endome-
tritis to oxidative stress. Nox2 is an important NADPH oxi-
dase, and its activation is required for LTA-induced ROS
production in brain astrocytes [39]. Furthermore, several
lines of evidence have revealed that the recruitment of
MyD88 to TLR2 leads to the activation of Nox2 and ROS
generation [15]. Herein, our data demonstrated that the
overexpression of miR-30a not only inhibited LTA-
upregulated MyD88 but also decreased the Nox2expression,
implying that miR-30a attenuates ROS generation via target-
ing MyD88/Nox2. Excessive oxidative stress during inflam-
matory injuries can shape gene expression patterns by a
variety of transcription factors. It is worth noting that the
increase of ROS level caused by external stimulation pro-
motes the secretion of several inflammatory mediators
[40]. Here, we investigated the roles of NF-κB, which is
widely recognized to regulate the process of oxidative
stress-related inflammatory diseases. Our results showed
that miR-30a inhibited the activities of NF-κB p65. Indeed,
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Figure 8: Schematic diagram of signalings related to anti-inflammatory and antioxidative effects of miR-30a on LTA-induced inflammatory
responses.
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ROS has been found to trigger the nuclear translocation of
NF-κB p65 [28].To further verify whether MyD88 mediates
the anti-inflammatory and antioxidant properties of miR-
30a, we then overexpressed the MyD88 gene expression in
the presence of miR-30a mimics. In this report, the overex-
pression of MyD88 almost completely abolished miR-30a-
decreased MyD8, ROS, and p-p65, suggesting that the bio-
logical functions of miR-30a were mediated by MyD88. Mice
are commonly employed as the experimental animal models
of various inflammatory diseases [10, 17]. Notably, a mouse
model of LTA-induced endometritis has been confirmed to
be a suitable animal model for exploring the potential ther-
apeutic strategies against endometritis in cow [14].Herein,
we further confirm the anti-inflammatory property of miR-
30a in a murine model of endometritis. Consistent with
the in vitro data, upregulation of miR-30a inhibited the
inflammatory responses in uterine tissues of mice with
endometritis.

5. Conclusion

Collectively, we provide the first evidence that upregulation
of miR-30a curbs S. aureus LTA-triggered oxidative stress
and inflammation via the suppression of the MyD88/
Nox2/ROS/NF-κB signaling (Figure 8). This study opens
new avenues to explore miR-30a-based therapeutics against
inflammatory diseases caused by S. aureus infection.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon reasonable
request.

Conflicts of Interest

The authors have declared that no competing interest exists.

Acknowledgments

This study was funded by the National Natural Science
Foundation of China (Nos. 32060818 and 32102733) and
Fujian Provincial Key Laboratory for Prevention and Con-
trol of Animal Infectious Diseases and Biotechnology (No.
2021ZDKF01).

Supplementary Materials

Supplementary Table 1: primer sequence for qPCR.
(Supplementary Materials)

References

[1] K. Jiang, J. Yang, C. Yang et al., “miR-148a suppresses inflam-
mation in lipopolysaccharide-induced endometritis,” Journal
of Cellular and Molecular Medicine, vol. 24, no. 1, pp. 405–
417, 2020.

[2] I. M. Sheldon, S. B. Price, J. Cronin, R. O. Gilbert, and J. E.
Gadsby, “Mechanisms of infertility associated with clinical
and subclinical endometritis in high producing dairy cattle,”

Reproduction in Domestic Animals, vol. 44, Supplement 3,
pp. 1–9, 2010.

[3] I. M. Sheldon and H. Dobson, “Postpartum uterine health in
cattle,” Animal Reproduction Science, vol. 82-83, pp. 295–
306, 2004.

[4] O. I. Azawi, S. N. Omran, and J. J. Hadad, “A study of endome-
tritis causing repeat breeding of cycling iraqi buffalo Cows,”
Zuchthygiene, vol. 43, no. 6, pp. 735–743, 2008.

[5] V. Cázares-Domínguez, S. A. Ochoa, A. Cruz-Córdova et al.,
“Vancomycin modifies the expression of the agr system in
multidrug-resistant Staphylococcus aureus clinical isolates,”
Frontiers in Microbiology, vol. 6, p. 369, 2015.

[6] I. C. Sutcliffe and N. Shaw, “Atypical lipoteichoic acids of
gram-positive bacteria,” Journal of Bacteriology, vol. 173,
no. 22, pp. 7065–7069, 1991.

[7] S. C. Su, K. F. Hua, H. Lee et al., “LTA and LPS mediated acti-
vation of protein kinases in the regulation of inflammatory
cytokines expression in macrophages,” Clinica Chimica Acta;
International Journal of Clinical Chemistry, vol. 374, no. 1-2,
pp. 106–115, 2006.

[8] S. S. Kang, H. J. Kim, M. S. Jang et al., “Gene expression
profile of human peripheral blood mononuclear cells
induced by _Staphylococcus aureus_ lipoteichoic acid,”
International Immunopharmacology, vol. 13, no. 4,
pp. 454–460, 2012.

[9] I. Sheldon, J. Cronin, G. Healey et al., “Innate immunity and
inflammation of the bovine female reproductive tract in health
and disease,” Reproduction (Cambridge, England), vol. 148,
no. 3, pp. R41–R51, 2014.

[10] K. Jiang, G. Zhao, G. Deng et al., “Polydatin ameliorates
_Staphylococcus aureus_ -induced mastitis in mice via inhibit-
ing TLR2-mediated activation of the p38 MAPK/NF-κB path-
way,” Acta Pharmacologica Sinica, vol. 38, no. 2, pp. 211–222,
2017.

[11] N. Suzuki, S. Suzuki, and W. C. Yeh, “IRAK-4 as the central
TIR signaling mediator in innate immunity,” Trends in Immu-
nology, vol. 23, no. 10, pp. 503–506, 2002.

[12] E. Ellingsen, S. Morath, T. Flo et al., “Induction of cytokine
production in human T cells and monocytes by highly purified
lipoteichoic acid: involvement of toll-like receptors and
CD14,” Medical Science Monitor : International Medical Jour-
nal of Experimental and Clinical Research, vol. 8, no. 5, pp. -
BR149–BR156, 2002.

[13] A. di, X. P. Gao, F. Qian et al., “The redox-sensitive cation
channel TRPM2 modulates phagocyte ROS production and
inflammation,” Nature Immunology, vol. 13, no. 1, pp. 29–
34, 2011.

[14] G. Zhao, K. Jiang, H. Wu, C. Qiu, G. Deng, and X. Peng, “Poly-
datin reducesStaphylococcus aureuslipoteichoic acid-induced
injury by attenuating reactive oxygen species generation and
TLR2-NFκB signalling,” Journal of Cellular and Molecular
Medicine, vol. 21, no. 11, pp. 2796–2808, (2017).

[15] I. T. Lee, S. W. Wang, C. W. Lee et al., “Lipoteichoic acid
induces HO-1 expression via the TLR2/MyD88/c-Src/
NADPH oxidase pathway and Nrf2 in human tracheal smooth
muscle cells,” Journal of Immunology (Baltimore, Md : 1950),
vol. 181, no. 7, pp. 5098–5110, 2008.

[16] K. Jiang, S. Guo, C. Yang et al., “Barbaloin protects against
lipopolysaccharide (LPS)-induced acute lung injury by inhibit-
ing the ROS-mediated PI3K/AKT/NF-κB pathway,” Interna-
tional Immunopharmacology, vol. 64, pp. 140–150, 2018.

10 Oxidative Medicine and Cellular Longevity

https://downloads.hindawi.com/journals/omcl/2021/5042048.f1.docx


[17] K. Jiang, J. Yang, C. Song, F. He, L. Yang, and X. Li, “Enforced
expression of miR-92b blunts E. coli lipopolysaccharide-
mediated inflammatory injury by activating the PI3K/AKT/
β-catenin pathway via targeting PTEN,” International Journal
of Biological Sciences, vol. 17, no. 5, pp. 1289–1301, 2021.

[18] K. D. Taganov, M. P. Boldin, K. J. Chang, and D. Baltimore,
“NF-kappaB-dependent induction of microRNA miR-146, an
inhibitor targeted to signaling proteins of innate immune
responses,” Proceedings of the National Academy of Sciences
of the United States of America, vol. 103, no. 33, article
16885212, pp. 12481–12486, 2006.

[19] T. Maes, F. A. Cobos, F. Schleich et al., “Asthma inflammatory
phenotypes show differential microRNA expression in spu-
tum,” The Journal of Allergy and Clinical Immunology,
vol. 137, no. 5, pp. 1433–1446, 2016.

[20] A. Schober, M. Nazari-Jahantigh, and C. Weber, “MicroRNA-
mediated mechanisms of the cellular stress response in athero-
sclerosis,” Nature Reviews Cardiology, vol. 12, no. 6, pp. 361–
374, 2015.

[21] A. Pandey, A. R. Sahu, S. A. Wani et al., “Modulation of host
miRNAs transcriptome in lung and spleen of peste des petits
ruminants virus infected sheep and goats,” Frontiers in Micro-
biology, vol. 8, p. 1146, 2017.

[22] T. Li, M. J. Morgan, S. Choksi, Y. Zhang, Y. S. Kim, and Z. G.
Liu, “MicroRNAs modulate the noncanonical transcription
factor NF-kappaB pathway by regulating expression of the
kinase IKKalpha during macrophage differentiation,” Nature
Immunology, vol. 11, no. 9, pp. 799–805, 2010.

[23] D. Salilew-Wondim, S. Ibrahim, S. Gebremedhn et al., “Clini-
cal and subclinical endometritis induced alterations in bovine
endometrial transcriptome and miRNome profile,” BMC
Genomics, vol. 17, no. 1, p. 218, 2016.

[24] Y. Zhang, S. Cai, X. Ding et al., “MicroRNA-30a-5p silencing
polarizes macrophages toward M2 phenotype to alleviate car-
diac injury following viral myocarditis by targeting SOCS1,”
American Journal of Physiology. Heart and Circulatory Physi-
ology, vol. 320, no. 4, pp. H1348–H1360, 2021.

[25] X. Fu, Y. Shen, W. Wang, and X. Li, “MiR-30a-5p ameliorates
spinal cord injury-induced inflammatory responses and oxida-
tive stress by targeting Neurod 1 through MAPK/ERK signal-
ling,” Clinical and Experimental Pharmacology & Physiology,
vol. 45, no. 1, pp. 68–74, 2018.

[26] T. Loyi, H. Kumar, S. Nandi, and M. K. Patra, “Expression of
pathogen recognition receptors and pro-inflammatory cyto-
kine transcripts in clinical and sub-clinical endometritis cows,”
Animal Biotechnology, vol. 26, no. 3, pp. 194–200, 2015.

[27] S. L. Dodd, B. J. Gagnon, S. M. Senf, B. A. Hain, and A. R.
Judge, “Ros-mediated activation of NF-kappaB and Foxo dur-
ing muscle disuse,”Muscle & Nerve, vol. 41, no. 1, pp. 110–113,
2010.

[28] C. Iwamura and T. Nakayama, “Toll-like receptors in the
respiratory system: their roles in inflammation,” Current
Allergy and Asthma Reports, vol. 8, no. 1, pp. 7–13, 2008.

[29] M. Menzies and A. Ingham, “Identification and expression of
toll-like receptors 1-10 in selected bovine and ovine tissues,”
Veterinary Immunology and Immunopathology, vol. 109,
no. 1-2, pp. 23–30, 2006.

[30] A. R. Ashtekar, P. Zhang, J. Katz et al., “TLR4-mediated activa-
tion of dendritic cells by the heat shock protein DnaK from
Francisella tularensis,” Journal of Leukocyte Biology, vol. 84,
no. 6, pp. 1434–1446, 2008.

[31] M. K. Patra, H. Kumar, S. Nandi, T. Loyi, and R. Islam,
“Upregulation of TLR-4 and proinflammatory cytokine tran-
scripts as diagnostic indicator of endometritis in buffaloes,”
Journal of Applied Animal Research, vol. 42, no. 3, pp. 256–
262, 2014.

[32] K. Jiang, S. Guo, T. Zhang et al., “Downregulation of TLR4 by
miR-181a provides negative feedback regulation to
lipopolysaccharide-induced inflammation,” Frontiers in Phar-
macology, vol. 9, p. 142, 2018.

[33] J. Min, T. S. Han, Y. Sohn et al., “microRNA-30a arbitrates
intestinal-type early gastric carcinogenesis by directly targeting
ITGA2,” Gastric Cancer, vol. 23, no. 4, pp. 600–613, 2020.

[34] Y. Wu, Q. Sun, and L. Dai, “Immune regulation of miR-30 on
the mycobacterium tuberculosis-induced TLR/MyD88 signal-
ing pathway in THP-1 cells,” Experimental and Therapeutic
Medicine, vol. 14, no. 4, pp. 3299–3303, 2017.

[35] R. Zhou, G. Hu, J. Liu, A. Y. Gong, K. M. Drescher, and X. M.
Chen, “NF-kappaB p65-dependent transactivation of miRNA
genes following Cryptosporidium parvum infection stimulates
epithelial cell immune responses,” PLOS Pathogens, vol. 5,
no. 12, article e1000681, 2009.

[36] D. I. Brown and K. K. Griendling, “Nox proteins in signal
transduction,” Free Radical Biology & Medicine, vol. 47,
no. 9, pp. 1239–1253, 2009.

[37] C. Carresi, R. Mollace, R. Macrì et al., “Oxidative stress triggers
defective autophagy in endothelial cells: role in atherothrom-
bosis development,” Antioxidants (Basel, Switzerland),
vol. 10, no. 3, p. 387, 2021.

[38] B. Halliwell, “Oxidative stress and neurodegeneration: where
are we now?,” Journal of Neurochemistry, vol. 97, no. 6,
pp. 1634–1658, 2006.

[39] H.-L. Hsieh, C.-C. Lin, R.-H. Shih, L.-D. Hsiao, and C.-
M. Yang, “NADPH oxidase-mediated redox signal contributes
to lipoteichoic acid-induced MMP-9 upregulation in brain
astrocytes,” Journal of Neuroinflammation, vol. 9, no. 1,
p. 110, 2012.

[40] R. Zhang, X. Yin, H. Shi et al., “Adiponectin modulates DCA-
induced inflammation via the ROS/NF-κ B signaling pathway
in esophageal adenocarcinoma cells,” Digestive Diseases and
Sciences, vol. 59, no. 1, pp. 89–97, 2014.

11Oxidative Medicine and Cellular Longevity


	Therapeutic Role of miR-30a in Lipoteichoic Acid-Induced Endometritis via Targeting the MyD88/Nox2/ROS Signaling
	1. Introduction
	2. Materials and Methods
	2.1. Collection of Uterine Tissue Samples
	2.2. Mouse Model and Sampling
	2.3. Histopathological Analysis
	2.4. Cell Culture
	2.5. Cell Transfection
	2.6. QPCR Analysis
	2.7. Enzyme-Linked Immunosorbent Assay (ELISA)
	2.8. Preparation of Protein Extracts and Western Blot Analysis
	2.9. Luciferase Reporter Assay
	2.10. Intracellular ROS Assay
	2.11. Immunofluorescence Assay
	2.12. Statistical Analysis

	3. Results
	3.1. Increased miR-30a Expression Is Associated With Endometritis
	3.2. Elevated Expression of miR-30a following S. aureus LTA Stimulation
	3.3. NF-κB-Dependent Induction of miR-30a upon S. aureus LTA Stimulation
	3.4. Overexpressionof miR-30a Impairs the Inflammatory Cytokine Production
	3.5. MyD88 Is a Molecular Target of miR-30a
	3.6. miR-30a Dampened NF-κB Activation by Inhibiting the MyD88/Nox2/ROS Axis
	3.7. Upregulation of miR-30a Attenuates LTA-Induced Endometritis in Mice

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments
	Supplementary Materials

