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Exosomal miR-218 regulates the development of endometritis in dairy cows by targeting TGIF2/TGF-β pathway

CHANG CHEN1,#, LIMIN QIAO2,#, KAIJUN GUO1, YINGQIU WANG1, MENGYI YUAN3, BOFAN FU4, XIAOBO GAO3, HEMIN NI1, LONGFEI XIAO1,* and XIANGGUO WANG1,*

1Animal Science and Technology College, Beijing University of Agriculture, Beijing, 102206, China
2Department of Animal Husbandry and Veterinary, Beijing Vocational College of Agriculture, Beijing, 102442, China
3Beijing Changping Animal Disease Prevention and Control Center, Beijing, 102200, China
4China Institute of Veterinary Drugs Control, Beijing, 100000, China
*Address correspondence to: Longfei Xiao, xiaolf1989@bua.edu.cn; Xiangguo Wang, xiangguo731@163.com

#These authors contributed equally to this work
Received: 18 January 2022; Accepted: 30 March 2022

Abstract: Endometritis affects the reproductive capacity of dairy cows and leads to serious economic losses in dairy farming. Clarification of the pathogenesis of endometritis is necessary to improve the reproductive efficiency of dairy cows. Exosomes and their miRNAs have been proven to play an important role in inflammatory regulation. Exosomal miR-218 is a differentially expressed miRNA found in endometrial epithelial cells (EECs) under endometrial inflammation. Therefore, we investigated the expression of miR-218 in the uterine tissue of dairy cows, lipopolysaccharide (LPS) treated EECs, exosomal vesicles, and regulation of exosomal miR-218 by targeting TGIF-2 inducible factor homology frame 2 (TGIF2)/transforming growth factor-beta (TGF-β). The expression of miR-218 was suppressed in inflammatory uterine tissues and LPS treated EECs. The expression of TGIF2 and TGF-β in inflammatory uterine tissues and LPS treated EECs was significantly higher than those in healthy uterine tissues and EECs (p < 0.01). Interestingly, miR-218 derived from donor cells was found to regulate the expression of the target gene TGIF2 in recipient cells through the fusion of exosomes. Concurrently, the expression of its target gene TGIF2 was also suppressed by miR-218 in donor cells resulting in fewer TGIF2 being transported into recipient cells with exosomal fusion. This may be a novel mechanism of miRNAs-mediated regulation and provides a new reference for analyzing the pathogenesis of endometritis in dairy cows.
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Introduction

Endometritis, a common disease of the reproductive system, mostly occurs in dairy cows after delivery or childbirth and causes infertility in dairy cows (Wang et al., 2021a). The causes of cow endometritis are relatively complex, and bacterial infection is one the most important etiological agents linked with this disease (Li et al., 2021a). Besides infection by pathogenic microorganisms, the autoimmune status of dairy cows determines the occurrence and development of endometrial inflammation (Siqueira et al., 2020). Clinical diagnosis of endometritis in cows typically includes rectal, vaginal speculum, routine blood, and biochemical indexes examinations, bacterial culture, and endometrial biopsy. The main treatment methods include antibiotics (Dubuc et al., 2011), traditional Chinese medicine (Jinliang et al., 2011), microbial preparation (Osawa, 2021), and ozone therapy treatments (Escandon et al., 2020).

Bovine endometrial epithelial cells (EECs) are the first line of defense against infections caused by various invasive factors (Piras et al., 2017). The lipopolysaccharide (LPS) released from the bacterial surface mainly binds to the toll-like receptor 4 (TLR4) and myeloid differentiation protein-2 (MD2) to form protein complexes (Kim et al., 2007). The binding of TLR4-LPS leads to the activation of the nuclear factor κB (NF-κB) and mitogen-activated protein kinase (MAPK), which then activates downstream inflammatory mediators, including the cytokines IL-1β and IL-6, tumor necrosis factor (TNF)-α, cyclooxygenase-2, inducible nitric oxide synthase, and chemokine IL-8 (Regueiro et al., 2009). The number of studies on the immune response to endometritis in dairy cows has greatly increased over the past 20 years.

Currently, extracellular vesicles are considered an effective vehicle for intercellular communication because of their ability to transfer proteins, lipids, and nucleic acids (O’Brien et al., 2020). Exosomes are a subset of extracellular vesicles released by almost all cell types and contain several biological components, including membrane proteins, lipids, RNA, and DNA (Yáñez-Mó et al., 2015). After being released from donor cells, exosomes are distributed in biological fluids and taken up by the same or different types of cells to exert biological regulatory function (Sahoo and Losordo, 2014). Exosome microRNAs (miRNAs), the main molecules playing a regulatory role in exosomes, primarily cause gene silencing in receptor cells (Sato et al., 2017a; Liu et al., 2021). The transfer of exosome miRNAs between DCs is considered a means of communication and post-transcriptional regulation (Montecalvo et al., 2012). The exosome miR-150 released by B lymphocytes is internalized by CD8 + T lymphocytes, leading to significant downregulation of endogenous miR-150 (Almanza et al., 2013). B lymphocyte-derived exosomes are effective vectors for delivering anti-miR-155 to macrophages, thereby down-regulating endogenous miRNA in recipient cells (Momen-Heravi et al., 2014). Exosome-mediated transfer of Let-7d from Treg cells to Th1 cells helps suppress and prevent systemic disease (Okoye et al., 2014). MiR-218, a pre-miRNA sequence, is located in the noncoding region of the host genes of the Slit guidance ligands 2 and 3 (SLIT2 and SLIT3). Mature miR-218 affects cell function by interacting with transcription targets such as roundabout guidance receptor (ROBO)-1 and modulating cell migration (Wang et al., 2020). MiR-218 plays a functional role in human endothelial cells, and its inhibition confers a migratory phenotype (Pang et al., 2017). MicroRNA-218-5p promotes embryonic trophoblast differentiation and is involved in the pathogenesis of pre-eclampsia (Brkić et al., 2018). We previously found that exosomal-derived uterine miRNAs isolated 6from dairy cows with endometritis impede blastocyst development (Wang et al., 2019b). We also found that endometrial inflammation decreases the expression of miR-218 in the uterus of dairy cows, and exosome-derived uterine miR-218 isolated from dairy cows with endometritis regulates the release of cytokines and chemokines (Wang et al., 2020). TGIF-2 inducible factor homology frame 2 (TGIF2) belongs to the TALE homologous structural domain protein family, including TGIF, TGIF1, and TGIF2LX/Y (Imoto et al., 2000). We identified TGIF2 as a target gene for miR-218 bio-prediction using a bioinformatics approach. TGIF2 interacts with the suppressor of mothers against decapentaplegic (SMAD) protein to recruit histone deacetylase (HDAC)1 to inhibit transcription of related genes and participate in the regulation of various physiological activities (Du et al., 2019). Transforming growth factor β (TGF-β) is a group of regulatory and fibrotic proteins that affect cell growth and differentiation, apoptosis, cell motility, extracellular matrix production, angiogenesis, and immune response (Shi et al., 2021).

Therefore, in this study, we investigated the expression of miR-218 in uterine tissue of dairy cows and LPS treated EECs and exosomal vesicles, and the regulation of exosomal miR-218 by targeting TGIF2/TGF-β. By exploring the association of exosome miR-218 with TGIF2 and its downstream TGF-β in the mechanism of pathogenesis of endometritis in dairy cows, we tentatively provide a new reference for analysis of the pathogenesis of endometritis in dairy cows.

Materials and Methods

Diagnosis of endometritis and uterus tissue collection in dairy cows

This study was performed in accordance with the guidelines of the Animal Ethics Committee of the Beijing University of Agriculture. Bovine uteri were obtained from a slaughterhouse. Before slaughter, the postpartum Holstein cows from the Beijing Shun Sunshine Farm were monitored by rectal temperature measurement and rectal examination for uterine rejuvenation on days 1, 7, 14, 21, and 30 after delivery, combined with the daily disease and medication treatments of dairy cows used in this study. The bovine (parity 2–4, body condition score 3.25–4.0) uterus without other diseases such as mastitis, hoof disease, dermatitis, and postpartum paralysis, body temperature lower than 39.5°C and mucopurulent or purulent secretions secreted through vagina reaching the level 3 of vaginal mucus secretion in bovine endometritis were collected at 21–30 days postpartum as the clinical endometritis group. The control group included healthy bovine uteri with normal body temperature and without disease, determined by vaginal endoscopy to be without mucopurulent discharge 21–30 days postpartum. The cows in all groups had no prominently protruding estrous or corpus luteum from the surface of the ovary within 21–30 days after delivery, as determined by rectal examination. Five uteri from healthy cows and five from cows with endometritis were dissected to observe inflammatory changes on the surface of the uterus, and then diff rapid cell staining (Solarbio, G1540, Beijing, China) was used to count the proportion of polymorphonuclear leukocytes in the uterine cavity fluid (Wang et al., 2020). After confirming uterine samples from healthy bovine uteruses and the cows with endometritis, the uterus tissue was collected and stored at –80°C for immunohistochemistry, quantitative reverse transcription-polymerase chain reaction (qRT-PCR), and western blot analyses.

Isolation and identification of exosomes derived from endometrial epithelial cells (EECs)

Cell models were established by stimulating EECs (EEC, A commercial cell line purchased from Tongpai Biotechnology Co., Ltd., GDC-9643015, Shanghai, China) with 50 μg/mL LPS. After incubation for 24 h, exosomes from normal cultured EECs and those from LPS treated EECs were extracted according to the instructions of the Exosomes Isolation Kit (Shanghai Bestbio Biotechnology Co., Ltd., Shanghai, China). Extracted exosomes were identified by electron microscopy, and the expression of CD63 marker protein and Calnexin was detected by western blotting.

Examination of exosome morphology by electron microscopy

The exosomes were re-suspended in 30 μL PBS, then 10 μL samples were poured on the copper net to precipitate for 1 min, and the floating liquid was absorbed with filter paper. After that, uranyl acetate (phosphotungstic acid) 10 μL was added to the copper net for precipitation for 1 min. The floating liquid was absorbed using a filter paper and was dried for a few minutes at 25°C. Electron microscopy imaging was performed at 80 KV.

Immunohistochemical analyses

Uterine tissues were fixed in 4% paraformaldehyde, and tissue sections were baked at 60°C, dewaxed and rehydrated, microwave repaired, washed thrice with PBS containing 0.1% Triton X100 (Solarbio, Beijing, China), and then sealed with 5% BSA (Sigma Aldrich, Missouri, USA). After that, the sections were incubated and washed with primary antibody (1:100 dilution, Abcam, Cambridge, UK), secondary antibody (1:100 dilution, Abcam, Cambridge, UK), and DAPI (Solarbio, Beijing, China) in turn, following instructions of the immunohistochemistry kit. Finally, after washing thrice with PBS, cells were observed with a laser scanning confocal microscope (FV10i, Olympus, Tokyo, Japan).

Quantitative reverse transcription-polymerase chain reaction (qRT-PCR) detection

Total RNA of the exosomes, EECs, and uterine tissues were extracted using Trizol (Invitrogen Inc., California, USA), and cDNA was synthesized with the Prime Script RT Reagent Kit (TaKaRa Bio Inc., Dalian, China) according to the manufacturer’s protocols. MiR-218, TGIF2, and TGF-β expressions in this study were detected as described previously (Wang et al., 2019a). The GenBank accession numbers and primer sequences of miR-218, TGIF2, TGF-β, and GADPH are summarized in Table 1.
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Western blot analysis

Exosomes, EECs, and uterine tissues were lysed with RIPA buffer (Solarbio, Beijing, China) on ice. Protein concentrations were measured by the BCA assay (Beyotime, Beijing, China). Forty micrograms of protein samples were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis on a 12% SDS/PAGE gel then electro-transferred onto polyvinylidene fluoride membranes (Millipore, Massachusetts, USA). The membranes were blocked with 5% dry nonfat milk for 1 h at 25°C, and incubated with a primary antibody (Table 2) at 4°C overnight. The next day, membranes were washed and incubated with the corresponding secondary antibody conjugated to horseradish peroxidase (1:2,000; Zhongshan Golden Bridge Biotechnology, Beijing, China) for 30 min at 25°C. Finally, immunoreactive bands were visualized on a gel imaging system (Shanghai Tianeng Technology Co., Ltd., Shanghai, China).
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Target gene prediction

The targets of differentially expressed miRNAs were predicted using miRanda software (Enright et al., 2003) using the following parameters: S ≥ 150, ΔG ≤ –30 kcal/mol and searched for strict 5’ seed pairing. TargetFinder software (Fahlgren and Carrington, 2010) was also used for miRNA target prediction.

The luciferase reporter assay

The reporter plasmid p-MIR-TGIF2 was designed by GenScript (Nanjing, China). For the luciferase reporter assays, 2 mg of firefly luciferase reporter plasmid, 2 mg of β-galactosidase vector, and 200 pmol of mimic or scrambled NC RNA were transfected into EECs. The β-galactosidase vector was used as a transfection control. At 24 h after transfection, cells were analyzed using a Dual-Luciferase Assay Kit (Promega, Madison, Wisconsin, USA). The miR-218 mimic and NC sequences designed and made by Shanghai Gemar Co., Ltd., were as follows: 5’-UUGUGCUUGAUCUAACCAUGUG-3’(miR-218 mimic, sense), 5’-CAUGGUUAGAUCAAGCACAAUU-3’ (miR-218 mimic, antisense), 5’-UUCUCCGAACGUGUCACGUTT-3’ (NC, sense), and 5’-ACGUGACACGUUCGGAGAATT-3’ (NC, antisense).

Statistical analyses

Data were analyzed by one-way analysis of variance, followed by the Fisher’s least significant different test or independent-samples t-test using the Statistical Package for the Social Sciences software (Version 16.0; SPSS, Inc.). Differences were considered significant when p < 0.05.

Results

Anatomical and cytological identification of bovine uteri with endometritis

Results from the healthy dairy cows’ uterus revealed a flesh-colored, smooth inner wall and a small amount of clear fluid inside. Inside the uterus of dairy cows with endometritis, inflamed swelling and ulcerations were found on the inner wall along with dark red fluid (Fig. 1A). Exfoliated epithelial cells presented only in healthy uterine luminal fluid in comparison to a large number of neutrophils in the uterine luminal fluid with endometritis (Fig. 1B).
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Figure 1: Anatomical and cytological identification of cow uterus. (A) Endometrial cavity of healthy cows and dairy cows with endometritis. (B) Uterine lavage fluid cytology of healthy cows and dairy cows with endometritis. The arrow points to the inflamed uterus. The blue triangle points to a neutrophil.

Localization of TGF-β and TGIF2 in uterine tissues of healthy cows and dairy cows with endometritis

Immunohistochemical analysis showed the localization of TGIF2 mainly in the uterine glandular epithelium of healthy dairy cows. However, TGIF2 was mainly localized in the uterine stroma and endometrial epithelium of dairy cows with endometritis (Fig. 2A). As a TGIF2-induced transcription product, TGF-β was also mainly localized in the uterine glandular epithelium of healthy dairy cows. TGF-β was mainly localized in the uterine stroma and endometrial epithelium of dairy cows with endometritis (Fig. 2B).
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Figure 2: Localization of TGIF2/TGF-β in uterine tissue of healthy cows and dairy cows with endometritis. (A) Localization of TGIF2 in uterine tissue of healthy cows and dairy cows with endometritis. (B) Localization of TGF-β in uterine tissue of healthy cows and dairy cows with endometritis. Data are representative of three independent experiments. S: stroma, G: glandular epithelium, L: endometrial epithelium.

Expression of miR-218, TGF-β, and TGIF2 in uterine tissues of healthy cows and those with endometritis

The expression of TGF-β and TGIF2 mRNAs in uterine tissue of dairy cows with endometritis was significantly higher than those in uterine tissue of healthy dairy cows (Figs. 3A and 3B, p < 0.01). Consistent with our previous report, miR-218 expression in the uterine tissues of dairy cows with endometritis was significantly lower than that of healthy dairy cows (Fig. 3C, p < 0.01). The expression of TGF-β and TGIF2 proteins were consistent with mRNA expression in uterine tissues of healthy dairy cows and dairy cows with endometritis (Fig. 3D).
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Figure 3: The expression of miR-218/TGF-β/TGIF2 in the uterus of healthy cows and dairy cows with endometritis. Expression of TGF-β (A), TGIF2 (B), miR-218 (C) in uterine tissue of healthy cows and those with endometritis as detected with qRT-PCR. Data are represented with mean + standard deviation from three independent experiments, ** p < 0.01. (D) Protein expression of the TGF-β and TGIF2 as detected by western blotting. Data are representative of three independent experiments.

Expression changes of miR-218, TGF-β, and TGIF2 in EECs and LPS-treated EECs

The expression of TGF-β and TGIF2 mRNAs in LPS treated EECs was significantly higher than in normal cultured EECs (Figs. 4A and 4B, p < 0.01). Consistent with our previous report, miR-218 expression in LPS treated EECs was significantly lower than in normal cultured EECs (Fig. 4C, p < 0.01). TGF-β and TGIF2 expressions in normal cultured EECs and LPS treated EECs were consistent with mRNA expression (Fig. 4D).

[image: images]

Figure 4: Expression of miR-218/TGF-β/TGIF2 in EECs and LPS treated EECs. Expression of TGF-β (A), TGIF2 (B), miR-218 (C) in EECs and LPS treated EECs (50 μg/mL) as detected with qRT-PCR. Data are represented with mean + standard deviation from three independent experiments, ** p < 0.01. (D) Protein expression of the TGF-β and TGIF2 as detected by western blotting. Data are representative of three independent experiments. Con: control group, LPS: lipopolysaccharide.

Isolation and identification of exosomes derived from EECs and LPS-treated EECs

Electron microscopy results showed that both normal cultured EECs-derived exosomes and LPS treated EECs-derived exosomes had a 30–150 nm particle size and cystic structure (Fig. 5A). Exosome marker protein CD63 was normally expressed (Fig. 5B), while the expression of calnexin protein was not detected (Figs. 5C and 5D).
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Figure 5: Isolation and identification of EECs and LPS treated EECs derived exosomes. (A) Exosomal vesicle detection with electron microscopy. Scale: 200 nm. Data are representative of three independent experiments. The triangular points for an exosome. (B&C&D) Protein expression of the exosome marker CD63 and non-exosome labeled protein calnexin as detected by western blot. Data are representative of three independent experiments. C-exo: exosome derived from EECs, L-exo: exosome derived from LPS treated EECs.

Exosomal miR-218 targets the TGIF2/TGF-β pathway

MiR-218 expression in LPS treated EECs-derived exosomes was significantly lower than in normal cultured EECs-derived exosomes (Fig. 6A, p < 0.01). In contrast, TGIF2 mRNA expression in LPS treated EECs-derived exosomes was significantly higher than in normal cultured EECs-derived exosomes (Fig. 6B, p < 0.01). Concomitantly, TGIF2 mRNA protein expression in LPS treated EECs-derived exosomes was also significantly higher than that in normal cultured EECs-derived exosomes (Fig. 6C). Bioinformatic analysis suggested that miR-218 can directly target the 3’-untranslated region (3’-UTR) of TGIF2 mRNA (Fig. 6D). EECs transfected with miR-218-mimic had increased miR-218 expression (Fig. 6E, p < 0.01). The relative luciferase activity was inhibited when miR-218-mimic was co-transfected with the luciferase reporter (Fig. 6F, p < 0.05).
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Figure 6: Exosomal miR-218 targets the TGIF2/TGF-β pathway. Expression of miR-218 (A) and TGIF2 (B) in LPS treated EECs exosomes (50 μg/mL) as detected with qRT-PCR. Data are represented with mean + standard deviation (SD) from three independent experiments, ** p < 0.01. (C) Protein expression of the TGIF2 as detected by western blotting. Data are representative of three independent experiments. C-exo: exosome derived from EECs, L-exo: exosome derived from LPS treated EECs. (D) Predicted binding sites of miR-218 within the 3′-UTR of TGIF2 mRNA. (E) qRT-PCR analysis of relative miR-218 levels in EECs transfected with miR-218-mimic. Data shown are the mean±SD from three independent experiments; ** p < 0.01. (F) Direct recognition of the TGIF2 3′-UTR by miR-218. Data are shown as the mean±SD from three independent experiments. 3′-UTR: 3′-untranslated region.

Discussion

In our previous study, we demonstrated the decrease in miR-218 expression in the uterus of dairy cows with endometritis (Wang et al., 2020). Bioinformatics analysis in this study suggested that miR-218 can directly target the 3’-UTR of TGIF2 mRNA. Immunohistochemical analyses confirmed that the occurrence of endometritis changed the localization and expression of TGIF2 and TGF-β in the endometrial tissues of dairy cows, in contrast to the expression pattern of miR-218 (Wang et al., 2020). TGIF2 is highly expressed in cervical cancer tissues, and inhibition of TGIF2 expression inhibits the proliferation, migration, and invasion of cervical cancer cells (Jiang et al., 2020). In addition, the expression of TGIF2 is upregulated in skin cancer (Tian et al., 2015), ovarian cancer (Ebrahimi and Reiisi, 2019), adult neural tube cell tumors (Taniguchi et al., 2017), multiple myeloma (Wu et al., 2016), and rectal cancer (Liu et al., 2017). Thus, inflammation reduces miR-218 expression, increases TGIF2 expression, and promotes abnormal proliferation and injury of uterine epithelial cells, which may be an important mechanism for the occurrence and development of endometritis in dairy cows. Related studies have confirmed that TGIF2 interacts with SMAD proteins and recruits the histone deacetylase HDAC1 to repress the transcription of related genes in the TGF-β signaling pathway (Glenisson et al., 2007; Tao et al., 2021).

A variety of life processes are affected by TGF-β, including cell growth and differentiation, apoptosis, cell motility, extracellular matrix production, angiogenesis, and immune response (Kondo et al., 2021; Lu et al., 2004). Meanwhile, the TGF-β signaling pathway is closely related to immune regulation as well as angiogenesis (Ali et al., 2013). The expression of TGF-β and IL-10 decreased in chronic endometrial inflammation (Wang et al., 2019a). TGF-β is highly expressed in the endometrium during the secretory period of the menstrual cycle and implantation window period, which can improve endometrial receptivity and participate in the formation of endometrium decidualization, thus facilitating the implantation of embryos (Li et al., 2021b).

With the occurrence of endometrial inflammation, there is an increase in the localization and expression of TGIF2 and TGF-β in endometrial epithelial cells. EECs are the first line of defense against infections caused by various invasive factors (Piras et al., 2017). LPS, as a component of the outer membrane of the cell wall of gram-negative bacteria, has been widely used in inflammatory models such as acute lung injury, mastitis, and endometritis (Wang et al., 2020). In this study, an in vitro model of endometritis was constructed using LPS-treated EECs. The expression of miR-218 decreased, and the mRNA and protein expression of TGF-β and TGIF-2 increased in this in vitro model, consistent with the results obtained in vivo. As a target gene of miR-218 predicted by bioinformatics, TGIF2 and its downstream TGF-β showed increased expression as miR-218 level decreased in uterine tissues of dairy cows with endometritis and LPS-treated EECs. The luciferase reporter assay confirmed the miR-218 targets the TGIF2/TGF-β pathway. In our previous study, we found a significantly lower expression of exosomal miR-218 derived from the uterine fluid of dairy cows than that derived from the uterine fluid of healthy cows (Wang et al., 2021a).

Exosomes, as a secretory mediator carrying components of their miRNAs in the regulation of a variety of physiological activities, have been reported frequently (Sharma, Gupta & Mohanty, 2021). Exosomal miRNAs, the molecules mainly playing a regulatory role in exosomes, have a primarily gene-silencing function in receptor cells (Sato et al., 2017a). In one study, miR-218 could enhance chemosensitivity to oxaliplatin-resistant colorectal cancer through exosomal delivery (Liu et al., 2020). MiR-218 also plays an important role in the regulation of osteoclast differentiation and inflammatory response in rats with periodontitis and the development of human natural killer cells (Guo et al., 2019; Victor et al., 2018). In this study, we observed that the expression of miR-218 decreased under uterine inflammatory conditions, which relieved its inhibitory response to the inhibition of TGIF2/TGF-β and regulated the development of endometritis in dairy cows. MiR-218 has often been reported to play a role in cancer progression by significantly downregulating its expression in cancer tissues (Li et al., 2015). Most interestingly, when miR-218 derived from donor cells fuses into recipient cells with exosomes to regulate target gene TGIF2 expression in recipient cells, miR-218 simultaneously inhibits TGIF2 expression in donor cells, resulting in a decrease in TGIF2 with the fusion of exosomes into recipient cells. Our study may have found a new regulatory mechanism of miRNA, and further studies are needed to consolidate these findings (Fig. 7).
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Figure 7: The delivery pattern of miR-218, TGIF2, and TGF-β with exosomes between EECs and LPS-treated EECs.

Conclusion

In summary, our study elucidates a new mechanism for the pathogenesis of endometritis in dairy cows and provides a new potential biomarker for the diagnosis of endometritis.
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TABLE 1

The primer sequences used for qRT-PCR

Gene name Upstream primers (5°-3’) Downstream primers (5’-3’) Accession numbers
GAPDH GGCGTGAACCACGAGAAGTA GGCGTGGACAGTGGTCATAA NM-001034034
TGF-p CACGTGGAGCTGTACCAGAA ACGTCAAAGGACAGCCACTC NC-037345

TGIF2 AAGGAAAGGGCAGAAGGGAGAGG CACAGCAGTTCAGTCAGGCAGTC NM-001199513
miR-218 GCGCGTTGTGCTTGATCTAAC AGTGCAGGGTCCGAGGTATT NC-037333
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TABLE 2

The primary antibodies used in this study

Target Diluted Company

B-actin 1:10,000 Abcam

Calnexin 1:5,000 Abcam

TGIF2 1:5,000 Abcam

TGEF-§ 1:5,000 Cell Signaling Technology

CD63 1:500 Santa Cruz Biotechnology
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