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Purpose: Endometritis is a female reproductive disease that affects the cattle industries development and microRNAs (miRNAs) play
a pivotal role and critical regulators of the innate immune response in varieties of diseases. The present study intends to investigate the
regulatory role of miR-24-3p in the innate immune response involved in endometritis and evaluate its therapeutic potential.
Methods: Whole mice uteri and bovine endometrial epithelial cells (BEECs) were separately stimulated with LPS. The BEECs were
also transfected with miR-24-3p mimic and negative control; siTRAF6 and siNC; pcDNA3.1 empty and pcDNA3.1(+)TRAF6
separately with LPS stimulation. The expression levels of miR-24-3p and TRAF6 were measured via quantitative real-time polymerase
chain reaction (QRT-PCR) and Western blot, respectively. LPS-induced inflammatory response assessed by inflammatory cytokines
secretion and expression via ELISA and qRT-PCR. Bioinformatics analysis and luciferase reporter assay validated the interaction
between miR-24-3p and TRAF6. The activation of the NF-kB/MAPK pathway and p65 phosphorylation was investigated by Western
blot and immunofluorescence assay, respectively.

Results: The expression of miR-24-3p was decreased, and TRAF6 was elevated with an increased level of pro-inflammatory cytokines
in LPS-treated BEECs and mice uterus. The overexpression of miR-24-3p suppressed LPS-induced secretion of inflammatory
cytokines (IL-1f, IL-6, IL-8 and TNF-o) and deactivation of NF-kB/MAPK pathways. The downregulation of TRAF6 inhibited
LPS-induced inflammatory response in BEECs. TRAF6 is validated as a target of miR-24-3p, and miR-24-3p reversed the over-
expression of cloned TRAF6 on inflammation response in BEECs.

Conclusion: Our findings demonstrate that the overexpression of miR-24-3p attenuates endometrial inflammation and the expression
of pro-inflammatory mediators via suppressing TRAF6. Therefore, modulating the pathogenesis of endometritis and possibly,
a therapeutic potential against endometritis.
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Introduction

A healthy uterine environment is essential for successful dairy herd reproduction. The innermost part of the uterus is the
endometrium.' The anato-physiological position and features of the endometrium supported its susceptibility to postpartum
invasion by an opportunistic microorganism, thereby leading to inflammatory response and prolonged invasion leading to severe
disruption in the anatomical architecture of the endometrium.” * Endometritis is the most frequent disease that causes decreased
milk production, abortion, and infertility in humans and livestock.*® Researchers have reported the incidence of postpartum
Endometritis between 37% and 74% of cows,>*> which implies a substantial economic loss in the cattle industry. Escherichia
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coli (E. coli) is a significant pathogen isolated from the uterine lumen, and it is the most common pathogenic flora in the first few
days after birth.® The endotoxin in Gram-negative bacteria cell walls is lipopolysaccharide (LPS).”” 1t is significant in
developing inflammatory symptoms. The LPS can activate the host’s innate immune response due to invading pathogens
through several cellular receptors, including Toll-like receptors (TLRs) that recognize specific pathogen-associated molecular
patterns (PAMPs).*!* The activation of these cellular receptors usually triggered different signaling pathways in endometrial
inflammation. Toll-like receptors (TLRs) recognize and respond to pathogen-associated molecular patterns and endogenous
signals associated with danger.'®" TLRs stimulate homotypic recruitment of one or more proteins from a family of five
cytosolic. TIR-containing adaptor proteins respond to ligand-induced dimerization via their cytosolic Toll/IL-1 receptor (TIR)
domain.'®"* All TLRs, except for TLR3, recruit MyD88 to their receptor complex, as do the IL-1 receptor family members.®
MyD88 recruits interleukin-1 receptor-associated kinase 1 (/RAK), IRAK4, and then TNF receptor-associated factor 6 (TRAF6),
which results in the nuclear translocation of the prototypic inflammatory transcription factor NF-kB, termed the canonical

pathway,'''*

which encodes inflammatory genes such as TNF-, IL-1B, IL-6, and IL-8. Although TLRs induce common
signaling pathways, there is specificity in the recruitment of TIR-containing adapter proteins.'"'* TNF receptor-associated
factor 6 (TRAF6) was majorly describing an adapter capable of mediating NF-kB and MAPK activation. TRAF6 is one of seven
closely related TRAF proteins, which are adapter proteins linking the TNF receptor (TNFR) superfamily to intracellular signaling
transmission.'"'>'> TRAF6 is a pivotal signaling adaptor protein in developing several tissues, including mammary glands,
uterine tissue, lymph nodes, skin, and the central nervous system.'® It is also crucial in regulating many physiological processes,
including innate immunity, adaptive immunity, inflammation, and cellular metabolism.'”2°TRAF6is required to activate an NF-
kB inducing kinase (NIK)-dependent IKKa-RelB (p65)-p52 pathway.'® > NF-kB pathways can affect the activation of the
MAPK pathways in the inflammatory response.”**> MAPK is a kinase family, including p38, JNK, and ERK protein
substrates.”*2® MAPK pathway is preferentially activated in response to various types of cellular stresses, immune and
inflammatory responses.”® 2 TRAF6 is involved in activating p38, ERK1, and JNK through multiple MAP3Ks.>**%

MicroRNAs (miRNAs) have recently been revealed as a specific subset of gene regulators that play critical roles in
normal cell function and disease development, including the pathophysiology of uterine and cardiovascular diseases,
cancer, and inflammation.’*>* MiRNAs are non-coding RNAs with a length of 19-24 nucleotides that operate as post-
transcriptional repressors of gene expression by interfering with the translation or stability of target mRNA and affecting
a massive spectrum of genes.’' >* MiRNAs are a new class of biomarkers and therapeutic targets since they regulate
immune function and inflammation.>*? A series of research evidence shows that miR-24-3p was implicated in different
infectious diseases, disorders, and inflammation.>*>® Hu et al** reported that bta-miR-24-3p inhibits proliferation and
promotes myogenic differentiation of progenitor cells in Fetal Bovine Skeletal Muscle. MiR-24-3p protects against
myocardial ischemia and reperfusion injury by being a cardioprotective factor.’> MiR-24 inhibits the proliferation and
migration of vascular endothelial cells by deactivating the NF-kB signaling pathway, regulating inflammation in
endothelial cells, and preventing the NF-kB signaling pathway in atherosclerosis.>® In LPS-challenged neonatal rats,
miR-24 overexpression reduced lung inflammation®” and disrupted the inflammatory pathway.’® Zhao et al revealed that
miR-643 inhibits the LPS-induced inflammatory response by targeting TRAF6 and down-regulating TRAF'6 in endome-
trial epithelial cells.*® Bta-miR-146a inhibited the mRNA and protein expression levels of the TRAF6 gene as it served an
anti-inflammatory function.* It acted as a negative feedback regulator of bovine inflammation and innate immunity
through downregulation of the TLR4/NF-kB pathway in LPS-stimulated bovine mammary epithelial cells.*' MiR-146a
represses TNF receptor-associated factor 6 (TRAF6), an innate and adaptive immunity element that activates the NF-xB
pathway.*?

However, the underlying mechanism of TRAF6 resulting in endometrial destruction and the severity of endometrium
inflammation are questionable. The potential biomarker and baseline therapeutic development against Endometritis is
still poorly understood. In this research, we investigated the expression of TRAF6 in the endometrium and the roles of
TRAF6 in BEEC’s proliferation and immuno-inflammatory effects. Based on these findings, we hypothesized that BEECs
transfected with bta-miR-24-3p could overexpress bta-miR-24-3p to attenuate experimental Endometritis by targeting
TRAF6 expression through NF-kB/MAPK signaling pathways. The research flow chart is indicated in Supplementary

Figure 1.
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Materials and Methods

Isolation and Culture of Primary Bovine Endometrial Epithelial Cells (BEECs)

Our laboratory isolated bovine endometrial epithelial cells (BEECs) from healthy dairy cows’ uterine tissues.*’ Briefly,
the uteri are brought to the laboratory in a sterile PBS(P1020. Solarbio, Beijing, China) (pH 7.2) containing penicillin
(100 mg/mL) and streptomycin (100 U/mL) from a local slaughter slab. Endometrium from the uterine horn was incised
into 2-3cm smaller pieces, washed in PBS (pH 7.2) twice. Then uterine tissue was digested with 1% collagenase
I (C4361,Sigma, USA) with DMEM/F12 dilution (SH30069.04,HyClone, USA) for 6hours. The digested endometrium
was scraped using a sterile cell scraper, scraped materials were collected and washed in PBS (pH 7.2). The digested
endometrium molecules were centrifuged at 1000g for 5 min to collect the cell suspension. Subsequently, cells were
cultured in DMEM/F12 with 10% fetal bovine serum (A3161001, Gibco, Australia), penicillin (100 mg/mL), and
streptomycin (100 U/mL) at 37°C with 5% CO, and 95% sterile air when the viability >95%. The medium was changed
within 48hours intervals until the cells reached approximately 80% confluence. Some cells were cryopreserved at —80°C
for before practical usage.

Experimental Endometritis Models

All animal experiments in this research were performed according to NIH guidelines and approved by the Institutional
Animal Care and Use Committee of Lanzhou Institute of Husbandry and Pharmaceutical Sciences of the Chinese
Academy of Agricultural Sciences (SYXK-2014-0002). The study used mature Kunming female mice, 50-60g in weight
and 10 weeks old, obtained from the Lanzhou Institute of Husbandry and Pharmaceutical Sciences’ center for rearing
laboratory animals. The animals were kept in standard cages at a temperature of 25°C with a 12-hour light-dark cycle and
free access to food and clean water. The mice were randomly divided into a control group and an LPS group, with ten
mice in each group. As mentioned earlier, a mouse endometritis model was established. Mice were perfused with LPS
(L2630, E.coli 0111:B4 5, 2mg/ kg), and mice in the control group received an equal amount of phosphate-buffered
saline (PBS). After 24 hours, the mice were euthanized using cervical dislocation. Blood and uterine tissues were
obtained for further analysis. Six mice were used for the evaluation of histopathological changes per group. Tissues from
the remaining mice were harvested for RNA and protein extraction.

Bovine endometrial epithelial cells (BEECs) were cultured. They are passage in DMEM supplemented with 10% FBS
at 37°C in a humidified atmosphere with 5% CO2 and later treated with LPS of 3pug/mL diluted by DMEM without FBS.
The cell density was adjusted to 2 x 10°cells/well. The cells were cultured in the 6-well plate for 24 hours; the
supernatant was then exchanged, replaced with new DMEM and 10% FBS, and cultured for an additional 24hours.
Each group was conducted in triplicates. The experimental cells were collected for further processing.

Histopathological Examinations

Small segments of uterine tissues were fixed with 4% paraformaldehyde for 24 hours at room temperature and then
embedded in paraffin, serially sectioned at the 4-um thickness, and stained with hematoxylin and eosin (H&E) for
morphological evaluation.

Cell Proliferation Assay

Cell proliferation was examined using a cell counting kit-8 (CCK-8) assay kit (C0037, Beyotimes, Shanghai, China). The
BEECs (5 x 10 cells/well) were plated in 96-well plates and incubated at 37 °C for 24hours; the culture media was
removed, and the cells were treated with 3pg/mL LPS, bta-miR-24-3pmimic, bta-miR-24-3pmimic negative control, with
each group having five replicates with controlled incubation for 7hours. After, the cells were incubated with 10 pL of
CCK-8 solution for 4hours at 37 °C, and the absorbance was read at 450 nm using a microplate reader (Bio-Rad

Instruments, Hercules, CA, United States).
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Cell Transfection of bta-miR-24-3p and Knockdown of TRAF6 Experiment

The bta-miR-24-3p mimic, negative control, Si-TRAF6, and si-Negative control were synthesized by GenePharma
(Shanghai, China). The BEECs were equally distributed at 2x10° cells/mL density into 6-well plates (Corning Inc,
Corning, NY, United States). When the confluence reached 70% during incubation, cells were transfected with the bta-
miR-24-3p mimic, negative control, Si-TRAF6, si-negative control with GP transfect mate (A10003, GenePharma,
Shanghai, China) according to the manufacturer’s instructions, and 3pug/mL LPS was added to the required plates for
24hours. All the experiments were done in triplicates, and transfection efficiency was measured by qPCR assay and
Western blot (WB) after cell transfection. These sequences are shown in Table 1.

Recombinant Plasmid Construction and Transfection

The recombinant plasmid pcDNA3.1(+)TRAF6 was digested by Kpnl and Xhol at 37°C overnight. The TRAF6-encoding
gene was segregated, reclaimed, and depurated. Then the depurant products were ligated with pcDNA3.1(+) by SuL
TRAF6 DNA ligase (GeneCreate, Wuhan, China) at a ratio of 3:1 at 4°C overnight. The bacterial E. coli X-L1-Blue
transformed with pcDNA3.1(+)TRAF6 was cultured in LB medium with anti-aminobenzylpenicillin overnight at 37°C.
The pcDNA3.1(+)TRAF6 plasmid was extracted with the Endo-Free Plasmid DNA Midi kit (D6915-04, Omega Bio-Tek,
USA) according to the manufacturer’s instructions and digestedKpnl and Xhol at 37°C for 3hours. Finally, the products
were separated, extracted, and purified. According to the manufacturer’s instructions, the pcDNA3.1(+)TRAF6 was
extracted with an endotoxin-free extraction kit. The plasmid transfection of BEECs (1x10%cells/well) was carried out in
a 6-wells plate according to the Lipofectamine™ 3000 users’ instruction (Invitrogen, USA). 5ug of pcDNA3.1(+)
TRAF6, 4 pug of pcDNA3.1(+)TRAF6 with 50nM bta-miR-24-3p mimic, pcDNA3.1 empty vector, and pcDNA3.1 empty
vector with 50nM bta-miR-24-3p mimic were transfected separately into BEECs. RT-qPCR and Western Blot techniques
examined transfection efficiency and specific protein analysis. The supernatant was collected to determine the levels of
inflammatory cytokines.

RNA Extraction and Quantitative Reverse Transcription-Polymerase Chain Reaction
Assay

Total RNA was isolated from the experimented cells and tissues using TRIzol, according to the manufacturer’s
instructions (9108, Takara, Shiga, Japan). The RNA quality in all the performed experiments is shown in
Supplementary Tables 1-3. Then, cDNA was synthesized using an Emo-M-MLV RT kit (AG11705, Accurate Biotech,
Hunan, China). SYBR Green Premix Pro Taq HS kits were used to perform real-time PCR with total cDNA as the
starting material. (AG1A1430, Accurate Biotech, Hunan, China) to determine related inflammatory cytokine expression
levels (TNF-a, IL-1pB, IL-6, and IL-8) and TRAF6. The expression of miRNAs was confirmed using total RNAs from
each sample isolated, and a customized Hairpin-it™ microRNA qPCR Quantitation Kit (QPM-041, GenePharma,
Shanghai, China) was used to analyze bta-miR-24-3p expression values. The 2”**“" method is used to analyze expression

Table | Primers Sequence Used for miRNA and Si-RNA

Oligonucleotide Sequence (5’-3’)

bta-miR-24-3p mimics Sense-UGGCUCAGUUCAGCAGGAACAGTT-
Antisense-GUUCCUGCUGAACUGAGCCAUUTT

Mimic Negative control Sense -UUCUCCGAACGUGUCACGUTT-
Antisense-ACGUGACACGUUCGGAGAATT-

Si-TRAF6 Sense- UACUGCAUCAAUGUCUACAATT-
Antisense- -UUGUAGACAUUGAUGCAGUATT-

Si-NC Sense -UUCUCCGAACGUGUCACGUTT-
Antisense ~-ACGUGACACGUUCGGAGAATT-
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Table 2 Primers Used for Quantitative Real-Time PCR (RT-qPCR)

Gene Primer sequence (5’-3’) (bp) Accession Number

Bta-IL-18 F-ACCAGCTCTACAACAAAAGA- 157 NM_174093.2
R-TTGCACTTTACTGACTGCAC-

Bta-IL-6 F-AGGCAGACTACTTCTGACCA- 160 NM_173923.2
R-TACTCCAGAAGACCAGCAGT

Bta-IL-8 F-CTGCAGTTCTGTCAAGGATG- 160 NM_173925.2
R-CAACCTTCTGCACCCACTTT-

Bta-TNFa F-CAGTCTCCTACCAGACCAAG- 160 NM_173966.3
R-CAGGTTGGGCAGGTTAGAA-

Bta-TRAF6 F-GAGACAGGTTTCTTGTGACAAC- 160 NM_174198.6
R-TGGCAACCAAAAGTACTGAATG-

Mus-IL- 1B F-CCTGGGCTGTCCTGATGAGAG 131 NM_008361.4
R-TCCACGGGAAAGACACAGGTA

Mus-IL-6 F-GGCGGATCGGATGTTGTGAT 199 NM_031168.1
R-GGACCCCAGACAATCGGTTG

Mus-IL-8 F-TACTCCAGAAGACCAGCAGT 199 NP_000575.1
R-CTGCAGTTCTGTCAAGGATG

Mus-TNFa F-CTTCTCATTCCTGCTTGTG 199 NM_013693.3
R-ACTTGGTGGTTTGCTACG

Mus-TRAF6 F-ATGCGGCCATAGGTTCTGC 199 NP_033450
R-TCCTCAAGATGTCTCAGTTCCAT

Mus-miR-24-3p F-TGGCTCAGTTCAGCAGGAACAG 189
R-GCGGTCATCGACACGCTACGCACG

Mus-Uésn F-GCTTCGGCAGCACATATACTAA 196
R-CGCTTCAGAATTTGCGTGTCAT

Mus-B-actin F-GACATCAAGGAGAAGCTCTG 24| NC_000071.7
R-TGGAATTGAAGGTAGTTTCG

Bta-B-actin F-GACATCAAGGAGAAGCTCTG- 244 AF191490.1
R-TGGAATTGAAGGTAGTTTCG

levels.** The relative expression levels of mRNAs were normalized to B-actin, and bta-miR-24-3p normalized to U6

snRNA. All primer sequences for the analysis of expression levels are shown in Table 2.

Enzyme-linked Immunosorbent Assay (ELISA)

e All the supernatants were harvested after the designated treatment, and the serum from the blood of the inflamma-

tory model was used to detect the levels of inflammatory cytokines (TNF-a, IL-1B, IL-6, and IL-8) by using an
ELISA kit (SEKB-0363-7, SEKM-0001-4, Solarbio, Beijing, China) according to the manufacturer’s directions.
The absorbance was read at 450 nm with an automatic standard microplate reader (BioTek’s Epoch™, USA), and

all absorbance results were normalized via standard curves.

Western Blot Analysis

After the designated experiments, cells and tissues of each group were lysed and centrifuged, total protein was extracted

with radioimmunoprecipitation assay reagent (R0010, Bio Sharp, China), and the protein concentrations were measured
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by the BCA method(T9300A, Takara, Inc., Shanghai, China). The protein samples were taken and spotted at 30 pg per
well, using 10% sodium dodecyl sulfate-polyacrylamide gel (PG01010, Solarbio, Shanghai, China) electrophoresis for 90
min. The protein was transferred onto the polyvinylidene fluoride (PVDF) membrane by the wet method for 60 minutes.
The PVDF membrane was blocked with 5% bovine serum albumin in Tris-buffered saline with Tween-20 for 60 min at
room temperature. Each band of interest was sliced according to the relative molecular mass. The diluted antibody
(1:1000) was separately added and incubated overnight at 4°C, and after washing, was incubated in a diluted secondary
antibody (1:3000) tube at room temperature for 60 minutes. After ECL coloration washing, imaging was performed using
a chemiluminescence imaging system.

Cellular Immunofluorescence Assay

e The BEECs transfected and treated were used to perform immunofluorescence staining. Briefly, cells were fixed with
4% paraformaldehyde for 20 minutes; then, they were immersed with PBS in 1% Triton X-100 (T8200, Solarbio,
Beijing, China) to permeabilize the cells at room temperature for 25 minutes. The PBS washing was repeated thrice,
cleaning and blotting with filter paper and blocking for 30minutes with 10% goat serum at room temperature. Each cell
well in plates with a specific primary antibody (1:200) was incubated overnight at 4°C and then incubated with FITC-
labeled secondary antibodies (1:300) in the dark box for lhour at 37°C. Finally, the nuclei were stained using DAPI
(ab228549, Abcam, China) for 10 min, washed with PBS, sealed with an anti-fluorescence quencher, and captured
fluorescent images with an inverted fluorescence microscope (IX81, Olympus, Japan). The IOD and area of cells were
measured by Image-Pro Plus software, and the fluorescence intensity was expressed as IOD/area.

Dual-luciferase Reporter Assay

According to the prediction result of TargetScan and miRDBSoftwares, TRAF6 was detected to be one of the targets of
bta-miR-24-3p. Dual-luciferase reporter experiments were performed in HEK293T cells. Cells were transfected with
wild-type fragments of TRAF6 (TRAF6- WT) or mutant fragments of TRAF6 (TRAF6-MUT of the TRAF6 gene 3'-UTR
cloned into pmiRGLOluciferase reporter vector, and then transfected into bta-miR-24-3p mimics or mimics NC with
a final concentration as required. After 24 hours of transfection at 37°C, cells were lysed and analyzed for luciferase
activities with a luciferase detection kit (A1276, GenePharma, Shanghai, China). The Renilla luciferase/ luciferase ratio
(Rluc/Luc) was recorded.

Statistical Analysis

All data were analyzed and shown as mean + SD based on at least three experiments. Data from different groups were
tested for normality and homogeneity of variance. Multiple comparison analysis was performed on the significant factors
to determine the optimal value. The differences between groups were compared by Student’s #-test or one-way analysis of
variance (ANOVA). GraphPad Prism 8.4 (GraphPad Software, USA) was applied for statistical analysis and plotting.
A p-value <0.05 or <0.01 was considered statistically significant.

Results

Altered miR-24-3p Expression in Uterus After LPS Induced Injured Endometrium in
Mice

An LPS-induced endometritis mouse model was established to determine whether miR-24-3p had been changed in
Endometritis. Edema and hemorrhages were found in the endometritis mouse model compared with the control group
showing a typical endometrial structure (Figure 1A). The wet to dry weight of the uterus in the experimental group weighed
higher than the control (Figure 1B). H&E staining of the uterine tissues from the endometritis group displayed apparent
pathological changes, including many epithelial hemorrhages and inflammatory cell infiltration (Figure 1C). The inflamma-
tory response degree in the endometrium was evaluated by subsequent RT-qPCR assay. We then determined the miR-24-3p
expression in the uterine tissues, and the expression of miR-24-3p was dramatically repressed (p < 0.01) in the LPS group
compared to the endometritis group (Figure 1D). The expression levels of TRAF6 mRNA and related pro-inflammatory
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Figure | The expression of miR-24-3p, TRAF6, and pro-inflammatory cytokines in uterine tissue of LPS-induced endometritis mice. (A) After 24 hr of LPS perfusion of the
mouse uterus, the degree of gross inflammation in the uterine sample was assessed by visualization and metric. (B) W/D ratio of uterine tissue (n = 3). (C) H&E staining of
uterine tissue (black arrows), scale bar: 100 pm, magnification: 200 pm and 400 um (n = 3). (D) TRAF6 expression in uterine tissue of LPS-treated mice by gRT-PCR (n = 6)
B-actin was used as an internal control. (E) miR-24-3p expression in uterine tissue of LPS-treated mice by qRT-PCR (n = 6). U6 snRNA was used as an internal control. (F)
Pro-inflammatory cytokine IL-1p, IL-6, IL-8, and TNF-a. mRNA levels were determined by qRT-PCR. (G) The levels of the pro-inflammatory cytokines IL-1p, IL-6, IL-8, and
TNF-0, were determined by ELISA (n = 3). Data was present as mean % SD of three independent experiments. **p < 0.01 (Student’s t-test).

Abbreviations: ELISA, enzyme-linked immunosorbent assay; H&E, hematoxylin/eosin; LPS, lipopolysaccharide; mRNA, messenger RNA; qRT-PCR, Real-Time quantitative
polymerase chain reaction; IL-1p, interleukin-1f; TNF-a, tumor necrosis factor-a; W/D, wet weight to dry weight.
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Figure 2 Relative expression of miR-24-3p, TRAF6, and pro-inflammatory cytokines in LPS-triggered BEECs. (A) RT-qPCR was used to detect bta-miR-24-3p expression in
LPS-induced inflammation in BEECs. U6 snRNA was used as an internal control. (B) TRAF6 expression in LPS-induced inflammation in BEECs was detected by RT-qPCR -
actin was used as an internal control. (C) The pro-inflammatory cytokines IL-18, IL-6, IL-8, and TNF-a, were detected by RT-qPCR (D). The pro-inflammatory cytokines (IL-
1B, IL-6, IL-8, and TNF-a) from cell supernatant were detected by ELISA. Data represent three independent experiments and are presented as the mean + SEM. Student’s
t-test, *p<0.01.

cytokines (IL-1pB, IL-6, IL-8, and TNF-a)) were also detected. These results revealed that TRAF6 (Figure 1E) and the pro-
inflammatory cytokines were significantly upregulated in the LPS-stimulated group compared with the control group(p <
0.01) (Figure 1F and G). This result demonstrated that the mouse endometritis model was successful. The inflammatory model
revealed that aberrant miR-24-3p expression is closely correlated with the pathogenesis of Endometritis.

Changes in miR-24-3p, TRAF6, and Pro-Inflammatory Cytokines in BEECs Following
Triggered by LPS

The role of miR-24-3p in LPS-induced endometrial inflammation was further investigated by the expression level of
miR-24-3p in LPS- stimulated BEECs. In order to uncover the role, primary bovine endometrial epithelial cells (BEECs)
and stimulated with LPS for 24 hours. The degree of inflammatory induction in the BEECs was further evaluated by
subsequent RT-gPCR assay. As displayed in Figure 2A, miR-24-3p expression was remarkably down-regulated upon LPS
stimulation. The expression level of TRAF6 was remarkably upon LPS induction in BEECs (Figure 2B). The pro-
inflammatory cytokines IL-1f, IL-6, IL-8, and TNF-a, were noticeably upregulated (Figure 2C and D). Therefore, these
results implied that miR-24-3p is involved in the LPS-triggered innate immune response.

Inhibiting of the Expression of Pro-inflammatory Cytokines and TRAF6 by miR-24-3p in
BEECs

To further portray the specific molecular function of miR-24-3p in LPS-mediated inflammatory processes, miR-24-3p
mimics were transiently transfected into BEECs.CCK-8 assay was used to examine whether cell viability is affected by
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the administration of miR-24-3p mimics with LPS induction, thus identifying the optimal time for stimulation. The results
showed that cell viability is not affected by miR-24-3p mimics with LPS induction (3pug/mL), indicating that miR-24-3p
mimics with LPS stimulation have no significant effect on cell growth and proliferation (Figure 3A). The expression of miR-
24-3p was significantly increased by RT-qPCR assay on transfection with miR-24-3p mimics or negative control for 24 hours
(Figure 3B). After 24 hours of stimulation of cells with LPS (3ug/mL), the expression levels of TRAF6 were remarkably
upon LPS induction in BEECs determined by RT-qPCR (Figure 3C). ELISA and RT-qPCR determined the expressions of
inflammatory cytokines. As shown in Figure 3D and E, LPS-mediated productions of pro-inflammatory cytokines were
remarkable negatively correlated with the expression of miR-24-3p. These results demonstrated that miR-24-3p regulates the
inflammatory process as an anti-inflammatory factor in LPS-triggered inflammation.

TRAF6 as a Target of miR-24-3p in the NF-kB/MAPK Signaling Pathways
TargetScan computational bioinformatical algorithms were used to identify the putative target of miR-24-3p for 3'-UTR
of TRAF6 mRNA, which contributes to the effect of the NF-kB/MAPK signaling pathways. The putative binding sites for
TRAF6 3'-UTR and miR-24-3pare indicated in Figure 4A. Further studies demonstrated that a dual-luciferase expression
system verified miR-24-3p directly targeted TRAF6 mRNA. The results showed that the miR-24-3pmimics significantly
inhibited the luciferase activity wild-type 3-UTR of TRAF6, whereas the mutant 3'-UTR of TRAF6 did not change
(Figure 4B). The above results demonstrated that inhibition of TRAF6 expression could be regulated by miR-24-3p
directly targeting the 3’-UTR of TRAF6 mRNA. The expression levels of TRAF6 were remarkably decreased upon miR-
24-3pmimics in BEECs determined by RT-qPCR (Figure 4C). It is widely acknowledged that various signaling pathways
can regulate inflammatory cytokines and that the NF-kB/ MAPK signaling pathway is the most important one. NF-xB/
MAPK plays an important role in LPS-induced Endometritis. To further understand the mechanism that miR-24-3p
suppressed inflammatory cytokines, we investigated the effect of miR-24-3p on the NF-kB/ MAPK signaling pathway.
The protein levels of TRAF6, p-IkBa, and p-p65 that LPS upregulated were observably inhibited after miR-24-3p
overexpression even with LPS- stimulation, as detected by Western blot analysis (Figure 4D and E). These results
demonstrate that miR-24-3p impairs LPS-triggered inflammatory response by restraining the activation of the NF-«xB
pathway. Likewise, p-p38, p-ERK, and p-JNK'’s protein levels were also increased upon LPS-induction but inhibited by
miR-24-3p overexpression (Figure 4F and G). Moreover, immunofluorescence experiments were performed and demon-
strated that miR-24-3pmimics had similar results after 24hr of LPS intervention (Figure 4H and I). These data revealed
that miR-24-3p suppressed TRAF6 expression and further inhibited LPS-induced activation of the NF-xB/ MAPK
signaling pathways.

Knockdown of the TRAF6 Gene in BEECs Attenuated Pro-Inflammatory Cytokines
and Gene Expression Through NF-kB/MAPK Signaling Pathways

In order to examine the regulatory mechanism potential of TRAF6 on LPS-mediated inflammatory responses, there is
a need for transfection of Si-TRAF6 to be knocked down by TRAF6 expression in BEECs compared with si-NC with
LPS-stimulation. The mRNA expression level of TRAF6 was down-regulated by RT-qPCR experiments due to the
knockdown of TRAF6, as shown in Figure SA and B. The expression levels of the pro-inflammatory cytokines (IL-1p,
IL-6, IL-8, and TNF-a) were also inhibited following knockdown of TRAF6 (Figure 5C), which is consistent with the
anti-inflammatory potential of bta-miR-24-3p mimic. Furthermore, there was a reduction in the concentration of pro-
inflammatory cytokines upon silencing TRAF6 in BEECs, as shown in Figure 5D. Furthermore, our study revealed that
knockdown of TRAF6 significantly inhibited the protein expression of TRAF6, p65 and IKBa, similar to those of the
above results in the bta-miR-24-3p overexpression experiment (Figure SE and F) and significant inhibition of the protein
level of p-p38, p-ERK, and p-JNK were also increased upon LPS-induction with silencing of TRAF6 (Figure 5G and H).
In addition, Immunofluorescence staining also showed a similar phenomenon (Figure 51 and J). Therefore, our findings
clearly showed that the LPS-induced inflammatory response was associated with the negative regulation of the NF-«xB/
MAPK pathway by bta-miR-24-3p targeting TRAF6.
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Figure 3 Bta-miR-24-3p mimics modulate overexpression of pro-inflammatory cytokines and TRAF6 in BEECs. Cells were transfected with bta-miR-24-3p mimics or bta-
miR-24-3pNC for 7hours, and ordinary BEECs served as the control group. Then each treatment group was stimulated with 3ug/mL LPS for 24hours. (A) CCK-8 assays of
BEEC:s after transfection with bta-miR-24-3p mimics. (B) RT-qPCR was used to detect bta-miR-24-3p expression in the transfection experiment, U6 snRNA was used as an
internal control. (C) TRAF6 expression detected by RT-qPCR, B-actin was used as an internal control. (D) RT-qPCR determined the expression of cytokines IL-1f, IL-6, IL-8,
and TNF-o. B-actin was used as an endogenous control. (E) The cell supernatant from the transfection experiment was harvested to evaluate the cytokine concentration
using the ELISA method. The data were presented with triplicate experimental observations as mean + SD. **p < 0.01. (Student’s t-test).
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Figure 4 Identification of Tumor necrosis factor receptor-associated factor 6 (TRAF6) as a target gene of bta-miR-24-3p (A) According to the TargetScan, the bta-miR-24-
3p target site in the sequence of TRAF6 was predicted. (B) The luciferase reporter gene assay measured the fluorescence activity of the TRAF6 3'UTR in HEK293T cells that
were co-transfected with wild-type TRAF6 3'UTR and bta-miR-24-3p, or mutational type TRAF6 3'UTR and bta-miR-24-3p, respectively (C) qRT-PCR was used to
determine the mRNA expression level of TRAF6 in BEECs transfected with miR-24-3p mimics, or scramble, respectively; B-actin was used as an endogenous control. (D)
Cells were transfected with bta-miR-24-3p mimics or bta-miR-24-3pNC for 7hours. Ordinary BEECs served as the control group was all later treated with 3ug/mL for
24hours, proteins were later extracted, The expression of TRAF6, p-IkBa, p-p65 proteins was detected in transfected and treated BEECs by Western blot technique (E).
The gray values of TRAF6, p-plkBa, p-p65 in different treatment groups were measured by IPP6.0 software. (F) The protein extraction followed the same way as in (E). The
Western blot technique detected the expression of p-p38, p-ERK, and p-JNK proteins in transfected and treated BEECs (G). The gray values of p-p38, p-ERK, p-JNK
proteins in different treatment groups were measured by IPP6.0 software. (H) The p65 translocation was detected by immunofluorescence staining (X400, scale bar =
100pm). The nucleus emits blue fluorescence, and the green spots indicate p-p65 fluorescence staining. (I) The IOD/area was measured by IPP 6.0 software to represent the
relative fluorescence intensity of p-p65, with DAPI's IOD as an internal control. Data are represented by the mean * SD of three independent experiments. **p < 0.01.
(Student’s t-test).

Abbreviation: Ns, not significant.

MiR-24-3p Regulates the Inflammatory Response by Targeting TRAF6

The recombinant DNA cloning vector of TRAF6 was transfection into BEECs. The CCK-8 cell viability assay result
showed no significant difference among the pcDNA3.1 empty vector, pcDNA3.1+ bta-miR-24-3pmimics, pcDNA3.1-
TRAF6, and pcDNA3.1- TRAF6 and bta-miR-24-3pmimics (p> 0.01) (Figure 6A). TRAF6 overexpression vector
(pcdna3.1-TRAF6) was successfully generated to validate the regulating effect of TRAF6 on BEECs. TRAF6 mRNA
expression levels increased significantly after transfecting BEECs with pcDNA3.1-TRAF6 (Figure 6B). However, the
bta-miR-24-3p mimic decreased TRAF6 expression, indicating that pcDNA3.1-TRAF6 might be employed in future
investigations. The overexpression of bta-miR24-3p decreased TRAF'6 expression at mRNA levels; however, it could not
be reversed after the co-transfection of bta-miR24-3p mimicsTRAF6 overexpression vector was introduced (Figure 6C).
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Figure 5 Knockdown of the TRAF6 gene in BEECs attenuated pro-inflammatory cytokines and gene expression through NF-kB/MAPK signaling pathways. (A)The Si-TRAF6
or Si-NC have been transfected into BEECs for 7 hours transfection, qRT-PCR was used to determine the mRNA expression level of TRAF6 in BEECs transfected with the
Si-TRAF6 or Si-NC, respectively; B-actin was used as an endogenous control. (B) The Si-TRAF6 and Si-NC have been transfected into BEECs for 7 hours transfection, after
which the stimulation with LPS (3ug/mL) for 24hours in some specific wells, qRT-PCR was used to determine the mRNA expression level of TRAF6. (C) The Si-TRAF6 and
Si-NC have been transfected into BEECs for 7 hours transfection. The stimulation with LPS (3pg/mL) for 24hours in some specific wells shows the expression levels of pro-
inflammatory mediators (IL- 1B, IL-6, IL-8, and TNF-a) were analyzed with the qRT-PCR technique. (D) The supernatant from the transfection experiment was harvested, and
the ELISA technique assayed the pro-inflhammatory cytokine concentration of IL-1f, IL-6, IL-8, and TNF-a in the cell supernatant, respectively. (E) Cells were transfected
with Si-TRAF6 or Si-NC for 7hours, and ordinary BEECs served as the control group was all later treated with 3ug/mL for 24hours, proteins were later extracted. The
Western blot technique detected the expression of TRAF6, p-IkBa, p-p65 proteins in transfected and treated BEECs (F). The gray values of TRAFé, p-plkBa, p-p65 in
different treatment groups were measured by IPP6.0 software. (G) The protein extraction following experiment protocol in (E), The expression of p-p38, p-ERK, p-JNK
proteins was detected in transfected and treated BEECs by Western blot technique (H). The gray values of p-p38, p-ERK, p-JNK proteins in different treatment groups were
measured by IPP6.0 software. (I) Immunofluorescence staining detected the p65 translocation (%400, scale bar = 100um). The nucleus emits blue fluorescence, and the
green spots indicate p-p65 fluorescence staining. (J) The IOD/area was measured by IPP 6.0 software to represent the relative fluorescence intensity of p-p65, with DAPI’s
10D as an internal control. Data are represented by the mean * SD of three independent experiments. *p < 0.01. (Student’s t-test).

Abbreviation: Ns, not significant.

Furthermore, in co-transfected BEECs, the restoration of TRAF6 could not counteract the anti-inflammatory effects of
bta-miR 24-3p on reducing the secretion of inflammatory cytokines (TNFa, IL1p, IL-8, and IL-6) (p > 0.01) (Figure 6D
and E). Our findings revealed that bta-miR 24-3p might attenuate endometritis progression by inhibiting TRAF6 mRNA
expression. The research results have demonstrated the anti-inflammatory potential of bta-miR 24-3p in regulating the
LPS-induced bovine Endometritis through attenuation of the NF-kB/ MAPK cellular signaling pathway by targeting
TRAF6 (Figure 7).
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Figure 6 Bta-miR-24-3p attenuated TRAF6 expression in BEECs co-transfected with cloned TRAFé6. (A and B) The pcDNA3.| empty vector, pcDNA3.| empty vector and
bta-miR-24-3pmimics, pcDNA3.|(+)TRAF6, pcDNA3.1(+)TRAF6, and bta-miR-24-3p mimics were cloned separately in BEECS, and the evaluation of cell viability was done
using the CCK-8 assay kit. (C) pcDNA3.| empty vector and pcDNA3.|(+) TRAF6 were cloned separately in BEECS. The cells were harvested to verify transfection efficiency
using the RT-qPCR techniques (D) pcDNA3.1 empty vector, pcDNA3.| empty vector and LPS, pcDNA3.|(+)TRAF6, and pcDNA3.1(+)TRAF6 and bta-miR-24-3p mimics
were cloned separately in BEECS, the cells were harvested to verify the effect of bta-miR-24-3p mimics using the qRT-PCR method. (E) The Bta-miR-24-3p mimic was co-
transfected with cloned TRAF6 into BEECs, expressing mRNA level of the pro-inflammatory cytokines (IL-1, IL-6, IL-8, and TNF-a) were measured using qRT-PCR. Data
are revealed as mean * SD of three independent experiments. **p< 0.0 (Student’s t-test).

Abbreviation: Ns, not significant.
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Figure 7 Schematic representation of the anti-inflammatory effect of bta-miR-24-3p suppressing NF-kB/ MAPK signal transduction pathways in LPS-triggered bovine
endometrial epithelial cells targeting TRAF6.

Discussion

The molecular events that lead to the development, progression and resolution of Endometritis are critical in evaluating
its pathophysiology;*> however, understanding how these molecular events are regulated will contribute to identifying
molecular markers and therapeutic strategies that can be used to resolve ongoing inflammation postpartum endometrium
in dairy cows.*® The establishment and development of Endometritis depend partly on the balance of host defensive
response and bacterial species.*” ° LPS is the main component of Gram-negative bacteria cell walls, and LPS-induced

Endometritis or uterine injury exhibits severe endometrial damage.”'" It is thus used to mimic these uterine disorders to
evaluate the possible protection in vivo.®''**> MiRNAs affect the transcription and translation of target genes by acting
on their targeted mRNA.*” Many microRNAs have been implicated in endometritis pathogenesis in a quest to resolve the
dairy industry menace,**** including miR-24. In this research, the stable transcript of miR-24 was used to evaluate its
role in Endometritis. Bta-miR-24-3p inhibits proliferation and promotes myogenic differentiation of progenitor cells in
Fetal Bovine Skeletal Muscle.** MiR-24-3p protects against myocardial ischemia and reperfusion injury by being
a cardioprotective factor.>> MiR-24 inhibits the proliferation and migration of vascular endothelial cells by deactivating
the NF-kB signaling pathway, regulating inflammation in endothelial cells, and preventing the NF-kB signaling pathway
in atherosclerosis.*® In LPS-challenged neonatal rats, miR-24 overexpression reduced lung inflammation®’ and disrupted
the inflammatory pathway.*® In addition, some microRNA such as miR-19a,*” miR-148a,’* miR-223,>" and others have
been reported to attenuate the inflammatory effect of LPS on endometrial cells through various signaling pathways and
receptors.

Interestingly, our present study found that miR-24-3p expression was dramatically reduced with elevated expression
of TRAF6 in LPS-stimulated BEECs and mice uterus, further suggesting that miR-24-3p possessed an imperative role in
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the pathogenesis of Endometritis; this was related to previous studies with other microRNA,'*** although the underlining
mechanism remains an enigma. It has been widely accepted that the overproduction of pro-inflammatory mediators,
including TNF- a, IL-6, IL-8, IL-1B, can be harmful and result in various inflammatory diseases.*'"*> Previous studies
showed that treatment of BEECs with ultrapure LPS led to an inflammatory response characterized by increased IL-6, IL-
8, IL-1B, and TNF-a, mRNA expression and concentration.”>*****>! Similarly, our results showed upregulated mRNA
expression of IL-6, IL-8, IL-1B, and TNF-a after LPS treatment.

MiR-24-3p mimics were used to increase the expression level of endogenous miR-24-3p to further investigate the
function of miR-24-3p. The overexpression of miR-24-3p significantly reduced the expression levels of inflammatory
cytokines, including IL-6, IL-8, IL-1p, and TNF-a. The NF-kB and MAPK signaling has been associated with LPS-induced
inflammatory response.?>*"**> However, we observed that overexpression of miR-24-3p markedly decreased the protein
levels of TRAF6, p-IkBa, p-p65 p-p38, p-ERK, and p-JNK in LPS-stimulated BEECs. On the other hand, bioinformatics
predictions performed using available miRNA databases (TargetScan 7.2) implied that TRAF6 is a potential molecular target
of miR-24-3p. The luciferase reporter assay was carried out in subsequent studies to test the prediction. A notable decrease of
luciferase activity upon miR-24-3p transfection was found, manifesting that TRAF6 is an actual target molecule of miR-24-
3p. Some bovine miRNAs, such as miR-24-3p, have been shown to negatively regulate the TRAF6- mediated inflammatory
reaction in vitro. Our study with transfection of miR-24-3p mimic showed that decreased phosphorylation levels of NF-xB
p65 were accompanied by elevated miR-24-3p in LPS-induced BEECs; however, signaling of NF-kB/MAPK was down-
regulated by the miR-24-3p expression significantly. Our results showed that miR-24-3p attenuated the production and the
deactivation of the canonical NF-kB pathway. That is, activation of intracellular miR-24-3p levels, which, when they reached
a certain level, inhibited NF- xB activity and impaired inflammatory processes. Although there was direct evidence in this
study that miR-24-3p inhibited the activation of NF-kxB/ MAPK, miR-24-3p expression may be spatiotemporally dependent
on NF-kB/ MAPK activity. Moreover, knockdown expression of the TRAF6 gene was inhibited by si-TRAF6 and verified the
intimate anti-inflammatory relationship between miR-24-3p and TRAF6. Our results showed that silencing of the TRAF6
gene attenuated LPS-mediated inflammation and significantly decreased IxkBa, p65, p38, ERK, and JNK phosphorylation.
The collections of the above results sufficiently demonstrate that TRAF6 is a direct target of miR-24-3p in LPS-induced
inflammatory responses with attenuation of NF-kB/ MAPK signaling pathway. Overall, these results strongly suggested miR-
24-3p as an essential negative regulator of TRAF6, leading to the attenuation of LPS-triggered inflammatory response.

Conclusion

In summary, we first demonstrate that miR-24-3p/TRAF6 molecular interaction plays a vital role in regulating
endometrial inflammation at the molecular and cellular levels. Overexpression of miR-24-3p attenuates inflammation
via suppressing TRAF6 through deactivation of NF-kB/MAPK signaling pathways. The cellular and molecular
differential expression profile of miR-24-3p and TRAF6 in inflamed uterine lesions and BEECs may provide
a promising biomarker for the pharmacological discovery of a viable therapeutic regimen against endometritis and
other inflammatory diseases. Therefore, a future novel therapeutic modality for miR-24-3p could be employed against
inflammation.
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