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Background

Platelet derivatives improve the uterine immune environment and increase pregnancy success in humans and animals. Platelet-conditioned media (PCM) contain all molecules derived from platelets in vitro (platelet secretions). The present study aimed to investigate the immunological impacts of platelet secretions on polymorphonuclear neutrophils (PMNs) and bovine endometrial epithelial cells (BEECs), in vitro.





Methods

Platelets (10×107 platelets/mL) from Holstein dairy cows were incubated for 0.5 h or lysed to obtain the PCM and platelet lysate (Lysate), respectively. PMNs were stimulated with PCM for 3h. While BEECs were exposed to PCM or Lysate for 24 h. Real-time PCR was performed to detect the expression of targeted genes (cytokines), including TNFA, IL1B and PGES1. Lipoxin A4 (LXA4; anti-inflammatory mediator) and PGE2 concentrations in the supernatants of PMNs cultured with PCM were measured via ELISA. Cell proliferation in BEECs was assessed using the Cell Counting Kit-8 (CCK-8). Additionally, uterine explants were prepared and processed for immunofluorescence to determine the expression of the LXA4 receptor.





Results

In PMNs, platelet secretions downregulated the mRNA expression of pro-inflammatory cytokines (TNFA and IL1B) and increased LXA4 production. In both PMNs and BEECs, platelet secretions upregulated PGES1 expression and PGE2 production. In BEECs, platelet secretions and Lysate upregulated TGFB1. While Lysate suppressed IL1B mRNA expression. Further, platelet secretions showed an anti-proliferative effect in BEECs and increased the LXA4 receptor protein expression in the endometrial epithelia.





Conclusions

Our findings reveal for the first time that platelet secretions directly act on PMNs and BEECs in vitro, thereby assisting the uterine immune network to shift anti-inflammatory environment toward pregnancy. The present study can explain, in part, the successful applications of platelet derivatives in reproductive medicine.
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Introduction

Platelets, the smallest non-nucleated blood components, are classified as the major player of primary hemostasis. However, platelets are now considered as an essential regulator of many inflammatory conditions (1). They host a broad spectrum of transcripts, including a variety of messenger RNAs, non-coding RNAs, microRNAs and circular RNAs (2). Their RNAs are complemented by translational machinery, which allows the translation of stored transcripts into proteins after stimulation (3). Moreover, platelets are known to release micro-particles in a regulated manner into the blood or their conditioned media (4, 5). The biogenesis of these particles is determined by various stimuli, leading to differences in their composition and biological roles. The activated platelets by various agonists such as thrombin led to a change in their shape and release of higher quantities of particles (6). The activated particles are mainly protein/lipid-rich, promoting their coagulant activity and inflammatory responses (7). On the other hand, nonactivated platelets release microparticles spontaneously which contribute to the baseline levels of extracellular vesicles in circulation (8, 9). These particles are basically protein-rich, reflecting the resting state of platelets (7). They play a role in maintaining vascular homeostasis and have a potential role in intercellular communication without inducing coagulation (10).

Besides their immune-stimulatory role, platelets also provide an anti-inflammatory impact on different immune cells such as polymorphonuclear neutrophils (PMNs), macrophages and lymphocytes (11–13). It was found that platelets can interact and regulate the function of these cells to produce anti-inflammatory mediators, particularly lipoxin A4 (LXA4) (14). LXA4 is a lipid mediator that elicits anti-inflammatory and pro-resolution actions via its receptor, formyl peptide receptor 2 (LXA4-R) (15). In addition, Prostaglandin E2 (PGE2) and Transforming growth factor beta 1 (TGFB1) are produced by platelets and play a key role in their immune crosstalk with other cells (11, 16). The maternal platelets, due to their small size, are known to be the first among the maternal blood cells that can pass through the narrow intercellular gaps and enter the intervillous space in humans (17). Hence, the interaction between platelets and immune cells is anticipated. Over the last decade, application of platelet rich plasma (PRP) to the uterus for improving pregnancy has gained more attention since they are less invasive, safe and cost-effective (18, 19). PRP can promote the endometrial receptivity and improve pregnancy outcomes in humans and cattle (20, 21). Moreover, PRP has been shown to enhance embryo recovery in mares, particularly those susceptible to persistent breeding-induced endometritis (PBIE). While, platelet-poor plasma (PPP) does not exhibit the same efficacy (22). This comparison highlights the importance of platelet-derived factors in these processes and shows that the other plasma components within the PPP do not produce the same result. Further, PRP also known to reduce the inflammation in bovine endometrial cells, as evidenced by downregulation of pro-inflammatory genes expression after stimulation with bacterial endotoxins (20). Moreover, intrauterine infusion of autologous PRP improved conception rates in repeat breeder cows (23). In addition, platelet lysate (Lysate) reduces the inflammatory response of the equine uterus when administered pre- or post-artificial insemination (AI) (24). However, the mechanism underlying the immune modulatory effects of platelets and their derivatives remains unclear.

The influence of platelets and their derivatives on other cells has been investigated using different experimental approaches. For instance, the impact of PRP was evaluated in various species using different biological models including reproductive immunology (21, 25). PRP intrauterine infusion reduced inflammation and apoptosis of the endometrial cells after Lipopolysaccharides (LPS) treatment using a mouse model (26). Notably, bovine uterine immunity is characterized by a delicate balance between immune tolerance, necessary for successful pregnancy, and vigorous defense mechanisms against prevalent uterine diseases. These diseases, including subclinical and clinical endometritis, and metritis, are major causes of reproductive failure in cattle. Unlike humans, where decidualization plays a dominant role in early pregnancy, bovine uterine immunity relies heavily on innate immune responses, particularly neutrophil function, to manage bacterial contamination post-partum (27). The high prevalence of bacterial infections in the bovine uterus contributes to the significant economic losses associated with these diseases. Given the increasing concern of antimicrobial resistance, alternative therapeutic strategies are crucial (28). PRP and platelet lysate, offer promising avenues for modulating uterine inflammation and improving conception rates in cattle (20, 23). However, it is noteworthy that the plasma contains various bioactive compounds other than platelets. For instance, small Extracellular Vesicles (sEVs) play a significant role in neutrophil activity and uterine tissue dynamics. Studies have shown that sEVs derived from high-fertile dairy cow plasma can downregulate pro-inflammatory cytokines in bovine endometrial epithelial and stromal cells, indicating a potential role in mitigating neutrophil-mediated inflammation (29). sEVs carry various bioactive molecules, including microRNAs, proteins, and lipids, that can modulate cellular signaling and function. Hence, the present study was designed to explore the immunological impacts of platelet secretions (without plasma) on neutrophils and uterine epithelial cells in cattle. By elucidating the immunomodulatory mechanisms of these platelet-derived factors, we aim to provide a foundation for developing novel therapeutic approaches to enhance bovine reproductive health.





Methods




Ethics statement

The protocol was approved by the Committee on the Ethics of Animal Experiments of the Obihiro University of Agriculture and Veterinary Medicine, Japan (Permit number 27-74).





Experimental design

For investigating the platelets’ communication with PMN and bovine uterus via their secretion, PMN or bovine endometrial epithelial cells (BEECs) were exposed to the platelet conditioned media (PCM). Cells were analyzed for gene expression by real-time PCR. Besides, PMNs phenotyping was examined by flow cytometry using arginase 1 (Arg 1) (anti-inflammatory intracellular marker). Using ELISA, the TGFB1 concentration was quantified to examine the platelets’ functionality and further PGE2 levels were determined in the conditioned media after different treatments (Figure 1).




Figure 1 | Schematic representation of the experimental design. For investigating the platelets’ communication with PMN and bovine uterus via their secretion, PMN or BEECs were exposed to the PCM (collected after 0.5 h incubation). Later on, cells were analyzed for gene expression by RT-PCR. Besides, PMNs phenotyping was examined by flow cytometry using Arg 1 (anti-inflammatory intracellular marker). Using commercial ELISA kit, the TGFB1 concentration was quantified to examine the platelets’ functionality. Moreover, ELISA was also performed to determine the PGE2 levels in conditioned media after different treatments.







Blood platelets’ isolation and preparation of PCM and Lysate

Blood was collected from the tail veins of multiparous Holstein dairy cows (n=3) at the Obihiro University of Agriculture and Veterinary Medicine (OUAVM) farm. The platelets were isolated and the PCM were prepared as previously described (13). Platelets were incubated at 37°C for 0.5 h and then centrifuged at 2500 ×g for 5 min. Then, the supernatant (PCM) was collected and stored at -30°C till using in experiments as described below. Lysate was prepared as previously described by Strandberg et al. (30) with minor modification. In brief, platelets (10×107/mL of Tyrode’s buffer) were lysed by freezing at -80°C for at least 10 min and thawing in a water bath at 37°C for 7.5 min. Then, supernatants (Lysate) were collected after centrifugation at 2500 ×g for 5 min at 25°C after 3 freeze-thaw cycles. Supernatants were aliquoted and stored at -80°C till use.





Detection of TGFB1 level in PCM and Lysate

The concentration of TGFB1 in PCM and Lysate was measured using a bovine TGFB1 ELISA kit (Cat No. MBS2886167, MyBioSource.com) according to the manufacturer’s instructions. The kit has a sensitivity with the minimum detection limit of 19.5 pg/mL as well as a wide quantification range of 78-5000 pg/mL. All samples were run in duplicate. Optical density (OD) readings were performed at 450 nm.





Preparation and stimulation of PMNs

PMNs were isolated as described previously (31). Basically, blood collection experiments were conducted at the Field Center of Animal Science and Agriculture of Obihiro University, Heparinized blood from a multiparous Holstein cow in luteal stage was collected and mixed with an equal volume of PBS−/−, slowly layered over Ficoll-Paque solution (Lymphoprep, Axis Shield, Oslo, Norway), and centrifuged at 1000 g for 30 min at 10°C. PMN layer was mixed with ammonium chloride lysis buffer (NH4Cl, 155 mM; KHCO3, 3.4 mM; and EDTA, 96.7 μM) for 10 s and then centrifuged at 500 g for 10 min at 10 °C to purify PMNs from red blood cells. After centrifugation, the cell pellet was washed two times with PBS−/−. The purity of PMNs was evaluated by flow cytometry was >98%, and the viability was around 99% as assessed by Trypan Blue staining. PMNs were suspended at a density of 1×107 cells/mL with PCM in a culture tube and incubated for 3 h with gentle shaking. After incubation, PMNs were centrifuged, lysed in Trizol, and stored at -80°C until RNA extraction. While the supernatant was collected and stored in aliquots at -80°C till further use.





Preparation of BEECs and stimulation with PCM and Lysate

BEECs were isolated and then cultured according to the previously described protocols (32, 33). In brief, uterine samples from cows were collected at a local slaughterhouse (Hokkaido Livestock, Doto plant, Obihiro, Japan). Uteri from late estrous cycle (diestrus) cows (Days 2–5) were used. A polyvinyl catheter was inserted into the oviduct, and the horn near the corpus uteri was tied to retain the collagenase solution for epithelial cell solubilization, as described below. The uterine lumen was washed three times with 30–50 ml of sterile Hanks’ balanced salt solution (HBSS), supplemented with 100 IU/ml penicillin, 100 μg/ml streptomycin, and 0.1% BSA (Boehringer Mannheim GmbH, Mannheim, Germany; #735078). Subsequently, 30–50 ml of enzyme solution (sterile HBSS containing 0.05% collagenase I [Sigma Chemical Co., St. Louis, MO; #C-0130], 0.005% deoxyribonuclease I [Sigma; #D-5025], and 0.1% BSA) was infused into the uterine lumen through the catheter. Epithelial cells were isolated by incubating the tissue at 37°C for 30 minutes, with gentle shaking. The cell suspension from the digestion was filtered through metal mesh (100 μm) to remove undissociated tissue fragments. The filtrate was washed three times by centrifugation (10 minutes at 100 × g) with Dulbecco’s modified Eagle’s medium (DMEM; Sigma; #D-1152), supplemented with antibiotics and 0.1% BSA. After washing, cells were counted using a hemocytometer, and cell viability was assessed by 0.5% trypan blue dye exclusion, with viability exceeding 95%. The purity of epithelial cells in our model (>98%) was ensured as described previously (34). Sub-confluent BEECs monolayers in 24-well plates were incubated in 1 mL/well with PCM or Lysate for 24 h. BEECs incubated in Tyrode’s buffer were kept as a control group. This experiment was repeated four times using epithelial cells from four different uteri.





Quantitative real-time PCR

RNA extraction, cDNA synthesis, and quantitative real-time PCR were performed following the protocol described previously (35). Quantitative real-time PCR of targeted genes (Table 1) was performed using SYBR Green PCR Master Mix (Bio-Rad Laboratories) by using CFX Connect™ Real Time PCR detection system (Bio-Rad Laboratories). The amplification program was set up according to the previous protocol (35). The calculated cycle threshold values were normalized using β-actin as the internal reference gene by applying the Delta-Delta comparative threshold method to quantify the fold change between samples.


Table 1 | List of primers used in real-time PCR.







Flow cytometry

Representative phenotypic marker for anti-inflammatory N2 PMN (arginase 1; Arg 1) was determined using polyclonal antibody according to the manufacturer’s protocol. In brief, PMNs (1x106) were fixed, permeabilized with 0.2% Triton-X (10 min) and cells were blocked in 5% BSA for 1 h at room temperature, followed by incubation with Anti-Liver Arginase antibody (1:100, Abcam, ab96183) overnight at 4°C. After washing three times with PBS, the cells were incubated with Alexa Flour conjugated secondary antibody (1:200, Invitrogen, A-11035) for 1h at 4°C. Data was acquired using SA3800 Spectral Analyzer (Sony Biotechnology, Tokyo, Japan).





Immunofluorescence of uterine explants

Uterine explants were prepared and processed for immunofluorescence as described previously (36). In brief, uterine samples of cows were collected from the local slaughterhouse (Hokkaido Livestock, Doto plant Tokachi Factory, Obihiro, Hokkaido, Japan). The reproductive tracts were trimmed free of surrounding tissues, opened and macroscopically examined to be free from pus, inflammation, and abnormal color. The phase of the estrous cycle was identified based on the appearance, weight, and color of the corpus luteum and follicular diameter. The uteri from the late estrous cycle (diestrus) cows (Days 2–5) were used. The horn ipsilateral to the corpus luteum was transported on ice to the lab and longitudinally incised. Endometrial tissue samples were taken from the intercaruncular regions using an 8 mm biopsy punch. The functional endometrial layer was isolated with surgical scissors. Explants were placed epithelial side up in TALP medium, maintained at 38.5°C, and incubated at 38.5°C with 5% CO2 for 15 minutes. Tissue integrity was confirmed by histology using hematoxylin and eosin and minimal apoptosis was verified by analyzing Caspase 3 mRNA expression. Sections were incubated with primary antibodies for LXA4-R (FPR2- specific rabbit polyclonal, 1:200, cat. no. 720293, Thermo Fisher Scientific) at 40°C in a humidified chamber overnight. The sections were then labeled with Alexa Fluor goat anti-rabbit secondary antibodies (1:200, A-11035 or A11034, Thermo Fisher Scientific) for 30 min. Sections were washed, and coverslips were mounted using VECTASHIELD mounting medium containing DAPI (H-1000; Vector Laboratories). The fluorescence signal was then captured using an all-in-one fluorescence microscope (Keyence, BZ-X800) using the BZ-X GFP, BZ-X Texas Red and BZ-X DAPI filters. Exposure time was kept constant for the primary antibody and its negative control.





Proliferation assay

Cell proliferation rates were measured using the Cell Counting Kit-8 (CCK-8) assay (CK04; Dojindo Molecular Technologies, Inc., Kumamoto, Japan). Briefly, the epithelial cells were detached and suspended in Dulbecco’s Modified Eagle Medium: Nutrient Mixture F12 (DMEM/F12) (Gibco) supplemented with 22 mM NaHCO3 (Sigma-Aldrich, St. Louis, MO, USA), 0.1% gentamicin (Sigma-Aldrich), 1% amphotericin B (Gibco), and 10% heat-inactivated fetal calf serum (FCS) (Bio Whittaker, Walkersville, MD, USA). Then, cells were seeded in 25 cm2 culture flasks (Nalge Nunc International, Roskilde, Denmark), and cultured at 38.5˚C in a humidified atmosphere of 5% CO2 in air. Upon reaching 70-80% (sub-confluence). BEECs, following first passage, were trypsinized and seeded in 1.5 ml/well culture medium (DMEM/F12, 22 mM NaHCO3, 0.1% gentamicin, 1% amphotericin, and 5% FCS) onto 96-well culture plates pre-coated with type I collagen (1 × 104 cells/well). BEECs were co-cultured with PCM or Lysate for 24 h. Cell proliferation rates were measured for 24 h using the Cell Counting Kit-8 (CCK-8) assay (CK04; Dojindo Molecular Technologies, Inc., Kumamoto, Japan). A total of 10 μL of CCK-8 solution (Dojindo, Tokyo, Honshu, Japan) was added to each well at 0 h and 24 h. The cells cultured with vehicle/Tyrode’s buffer were kept as a control group. The absorbance at 450 nm was read using a microplate reader (Labsystem Multiskan MS 352, Labsystems, Finland) after 2 h incubation. The current assay was performed in triplicate.





TUNEL assay

After coculture of BEECs with PCM or Lysate for 24h, apoptotic cell death was evaluated by TUNEL assay using the In situ cell death detection kit, Fluorescein (catalog no. 11684795910; Roche Diagnostics GmbH, Mannheim, Germany) according to the manufacturer’s protocol. Next, the cells were mounted in VECTASHIELD mounting medium containing DAPI (H-1200, Vector Laboratories, CA, USA). The apoptotic cells were observed under a fluorescence microscope (BZ-X800).





Determination of LXA4 and PGE2 concentrations

LXA4 concentrations in the supernatants of PMNs that cultured in the presence of PCM were measured by commercially available ELISA kit (Neogen, Lexington, KY; range was 20 to 2000 pg/mL). The assay was performed following the instructions of the manufacturer and measured by a microplate reader at 650 nm. Moreover, the concentration of PGE2 in the culture media was determined using a Prostaglandin E2 ELISA Kit (514010, Cayman Chemical Co., Ann Arbor, MI) in accordance with the manufacturer’s instructions. The absolute production of PGE2 by PMNs and BEECs was calculated after subtracting out the amounts of PGE2 that were detected in the PCM or Lysate.





Statistical analysis

The statistical analysis was conducted with SPSS® software version 22 (IBM, Armonk, Ny, USA). The data were first tested for normality using Kolmogorov–Smirnov test. Statistical differences were determined using a Student’s t-test (for two groups; PMNs’ data) or One-Way ANOVA followed by Bonferroni’s post hoc test (for more than two groups; BEECs’ data). The results were presented as mean ± standard error of the mean (SEM). The statistical significance was set at p ≤ 0.05.






Result




PGE2 and TGFB1 concentrations in PCM and Lysate

We investigated whether bovine platelets could produce and store TGFB1 and PGE2, by using ELISA. Results showed that PCM contains a considerable concentration of PGE2 and TGFB1 (234.9 ± 38.3 and 118.7 ± 14.9 pg/mL, respectively). While the highest levels of TGFB1 (3678.3 ± 467.1 pg/mL) and PGE2 (560.4 ± 32.2 pg/mL) were quantified in the Lysate group (Figure 2). The higher levels of TGFB1 and PGE2 in the Lysate group likely reflect the broader and more comprehensive exposure to platelet-derived bioactive molecules compared to the more selective release observed in the PCM group.




Figure 2 | Detection of TGFB1 and PGE2 concentrations in platelet derived media using ELISA assays. Platelets were isolated from whole blood collected from three multiparous Holstein dairy cows (n=3). PCM were obtained after culturing of platelets (10 x 107) for 30 min. Platelet lysate (Lysate) was prepared by repeated freezing and thawing cycles of platelet concentrates. Considerable concentrations of TGFB1 (A) and PGE2 (B) were detected in PCM and Lysate. Dilution buffer (Tyrode’s buffer) served as the negative control media. All samples were run in duplicate. Data represent means ± SEM; asterisks denote statistical differences: **p < 0.01 and ***p < 0.001 determined by a student’s t-test.







PCM upregulated anti-inflammatory response in PMNs

PCM suppressed (p < 0.05) the mRNA expression of pro-inflammatory cytokines (Tumor necrosis factor-alpha (TNFA) and Interleukin-1beta (IL1B)) and increased the expression of PGES1 (Figure 3A). Furthermore, we measured the production of PGE2 (Figure 3B) and LXA4 (Figure 3C) by PMNs after exposure to PCM. ELISA of the present study showed that PCM could increase (p ≤ 0.05) the PGE2 and LXA4 release from PMNs. Of note, PMNs alone produced detectable amounts of LXA4. Importantly, the flow cytometry analysis showed that PCM induced Arg 1 protein expression in PMNs (Figure 3D).




Figure 3 | PCM shift the PMNs toward anti-inflammatory response. PMNs were isolated and cultured with PCM for 3h. (A) PCM suppressed the mRNA expression of pro-inflammatory cytokines (TNFA and IL1B) and induced the expression of PGES1 quantified by RT-PCR (n = 4). (B, C) Determination of PGE2 and LXA4 concentrations produced by PMNs after incubation with PCM using ELISA. PCM contain no or below detectable levels of the LXA4. (D) PCM induced arginase-1 expression in PMNs. PMNs were cultured with PCM for 3h. Then, PMNs phenotyping was examined by flow cytometry using Arg 1 (anti-inflammatory intracellular marker). Each experiment was repeated in triplicate. Data are presented as the mean ± SEM. Asterisks denote statistical differences: *p < 0.05, **p < 0.01 and ***p < 0.001 determined by a student’s t-test.







PCM and Lysate upregulated anti-inflammatory response in BEECs

Both PCM and Lysate upregulated (p < 0.05) the TGFB1 and PGES1 mRNA expression in BEECs. Lysate suppressed (p < 0.001) IL1B mRNA expression (Figure 4A). Notably, both PCM and Lysate increased (p < 0.05) the production of PGE2 in BEECs (Figure 4B). Moreover, BEECs proliferation was inhibited by exposing BEECs to PCM but not with Lysate (Figure 5A). Further, PCM and Lysate have no adverse impact on the BEECs viability as detected by TUNEL assay (Figure 5B).




Figure 4 | PCM have anti-inflammatory on BEECs. (A) Effect of PCM and Lysate on the gene expression of BEECs. BEECs were exposed to PCM or lysate for 24 (h) The mRNA expression of multiple genes of interest was quantified by RT-PCR. Both PCM and Lysate upregulated the TGFB1, and Lysate suppresses IL1B in BEECs. (B) Both PCM and Lysate increased PGES1 expression and PGE2 production in BEECs comparing to control (Con). Results are presented as the mean ± SEM of four independent experiments performed in triplicates. Different asterisks/letter denote statistical differences: *p < 0.05, **p < 0.01 and ***p < 0.001 when compared to the control using a One-Way ANOVA followed by Bonferroni’s test.






Figure 5 | Effect of PCM and Lysate on proliferation and apoptotic status of BEECs. BEECs monolayers were exposed to PCM and Lysate for 24 h followed by a CCK-8 and TUNEL assays to evaluate the proliferation and apoptotic status of BEECs, respectively. (A) CCK-8 analysis: PCM showed anti-proliferative effect on BEECs. The values of CCK-8 were measured at 450 nm at 0 and 24 h with a microplate reader. (B) TUNEL assay: there was no visible effect of different treatments on the BEECs viability. Results are presented as the mean ± SEM of three independent experiments. Different letters denote a significant variance (p < 0.05) between the different groups using One-Way ANOVA followed by Bonferroni’s post hoc test.







PCM increased the expression of LXA4-R protein in bovine endometrium

The protein expression of LXA4 receptor (LXA4-R) was increased in the luminal epithelium of the uterine explants exposed to PCM (Figure 6).




Figure 6 | Immunofluorescence localization of Lipoxin A4 receptor (LXA4-R) in bovine endometrium. Uterine explants were incubated in the presence of PCM or without treatment (Con) for 4 h. The localization was observed by immunofluorescence labeling with the Alexa-Fluor-conjugated anti- LXA4-R antibody. The expression was increased in the treated explants especially in the luminal epithelium. Bar = 20µm. The y-axis represents CTCF (corrected total cell fluorescence) staining intensity measured in arbitrary units, which were quantified based on the immunohistochemical staining of the tissue samples. Asterisk denote statistical differences: *p < 0.05, determined by a student’s t-test.








Discussion

Since platelets are known to improve fertility and recognized as critical effector cells in different immune responses, we investigated its role in immune response in the bovine uterus. The present data reported the ability of platelets to communicate with PMNs and endometrial epithelial cells via their secretions. Shifting of the immune environment to anti-inflammatory and the regulation of the proliferative status of the uterus by platelet secretions explain the promising use of platelets and its derivatives to improve the reproductive performance in cattle.

In the present study, we reported the ability of bovine platelets to produce and store high levels of TGFB1 and PGE2. Notably, the obtained findings showed that platelet secretions could modulate PMN’s gene expression toward the anti-inflammatory neutrophil phenotype (N2) in vitro. Further, platelet secretions suppressed the mRNA expression of pro-inflammatory cytokines (TNFA and IL1B) and increased the protein expressions of Arg 1 (N2 phenotypic marker) in PMNs. The observed basal cytokine levels expressed by epithelial and immune cells are likely a consequence of the in vitro handling as reported before (35, 37, 38), while the reduction upon PCM or lysate exposure reflects the inherent anti-inflammatory properties of platelet-derived factors. These anti-inflammatory effects may be mediated, at least in part, by PGE2 derived by platelets as well as the stimulation of PGE2 and LXA4 production from PMNs after incubation with the platelet secretions. Although PGE2 is generally considered to be a proinflammatory molecule (39), our earlier findings and other recent studies reported the basic role of PGE2 to generate the anti-inflammatory response in PMNs and other cells (35, 40, 41). Our data agreed with the previous study in that platelet secretions induce M2 anti-inflammatory macrophages phenotype in vitro which is mediated by PGE2 (13). Similarly, the previous reports in mice showed that platelet secretions reduce TNFA production (11, 42) and increase the arginase expression in macrophage (43).

Interestingly, the results of our investigation showed that platelet secretions could induce LXA4 production (anti-inflammatory mediator) from PMNs. As seen in humans, we found that the bovine PMNs alone showed the ability to produce LXA4 to the detectable level. Of note, the direct interactions between platelets and PMNs lead to the transcellular metabolism of LXA4 as a main resolving factor (44). However, platelet secretions contain the platelet-derived microparticles that can transfer a special enzyme (12-LO) to PMNs as an alternative pathway for LXA4 biosynthesis (45). It is well established that LXA4, through its receptor LXA4-R, can modulate PGE2 production. LXA4 has been shown to inhibit the production of pro-inflammatory mediators, including PGE2, in various models of inflammation (46, 47). This suggests that LXA4-R activation can lead to downstream signaling events that suppress PGE2 synthesis. While the exact molecular mechanism of this inhibition is not fully understood, a recent study indicated that both PGE2 and LXA4 values were significantly lower in neuroinflammation patients, suggesting a potential link in their roles to regulate inflammation (48). Additionally, PGE2 is known to stimulate the production of LXA4 in neutrophils to initiate the resolution of inflammation (40, 49).

In BEECs, the results showed that platelet secretions induced an anti-inflammatory effect. It should be noted that LXA4-R was detected and upregulated by platelet secretions in the uterine epithelia. It was found that LXA4-R expression was elevated in the human endometrium during early pregnancy (15). This may be due to the local production of LXA4 in the endometrium, or other anti-inflammatory ligands that can activate LXA4-R (i.e., annexin A1) (15, 50), thereby ensuring the local immune environment toward Th2. Previous studies have shown that LXA4-R activation can influence TGFB signaling. For example, research indicates that LXA4-R activation reduces TGFB levels and exhibits anti-fibrotic effects (51). This suggests that LXA4-R signaling can modulate the downstream effects of TGFB, potentially by interfering with TGFB receptor signaling or by regulating the expression of TGFB target genes. Additionally, studies in osteoarthritis models demonstrate a modulation of TGFB by LXA4, that plays a role in resolving inflammation (52). Further investigation is needed to determine the precise molecular mechanisms by which LXA4-R signaling interacts with TGFB signaling pathways. Thus, the bovine uterus could be responsive also to LXA4 and work as one of the systems for setting an anti-inflammatory environment via interactions with other pathways (e.g., TGFB).

In the present study, platelet secretions show anti-proliferative effect in BEECs. A similar trend was observed previously (53) where the human platelet lysate weakened osteogenic cell proliferation in vitro. This anti-proliferative action of platelet secretions is likely to contribute to maintain the stable endometrial condition that is a prerequisite for embryo implantation. In response to the pregnancy hormone (progesterone; P4), epithelial cells exit from the cell cycle, maintain the non-proliferative state, and enter a differentiation pathway to acquire the receptive state that supports embryo implantation (54). Moreover, PRP inhibits apoptosis and induces the proliferation of endometrial stromal cells in human (55). The cellular mechanisms by which platelet secretions induce anti-proliferative effects on BEECs are still unknown.

While this study examined the effects of unfractionated platelet secretions, specifically PCM and Lysate, it is known that these preparations contain a complex mixture of bioactive molecules such as cytokines and microRNAs. Future studies employing fractionation techniques for bovine platelets, such as targeted proteomics, are warranted to isolate and identify the specific platelet-derived factors that contribute to the observed anti-inflammatory effects on neutrophils and uterine epithelia in cattle.

Overall, the present data provide the first clear evidence that platelets, via their secretions, communicate with PMNs and endometrial epithelial cells, to induce anti-inflammatory response in cattle. Such a novel crosstalk could be the part of amplification system in the initial phase of immune network for driving uterine immunity toward anti-inflammatory (Th2) condition for establishing pregnancy in cattle (Figure 7). Thus, platelets and/or their derivatives could be used as a potential biological material to modulate the uterine environment and improve fertility. The present findings require further expansion of sample sizes, clarification of the platelet components and in vivo validation to confirm their physiological relevance within the bovine uterine environment, to achieve potential clinical applications in the field.




Figure 7 | Schematic diagram summarizing the findings and the working hypothesis of the study. Platelet secretions induced anti-inflammatory effects on the bovine neutrophils (PMNs) and endometrial epithelial cells (BEECs). Platelet secretions shift the PMNs toward anti-inflammatory. They trigger the production of Lipoxin A4 (LXA4; anti-inflammatory mediator) from N2-PMNs and upregulate the expression of LXA4-receptor (LXA4-R) in BEECs. LXA4 produced by N2 neutrophils may support the anti-inflammatory response in the bovine uterus by interaction with LXA4-R. Platelets are likely to modulate the innate immunity of the bovine uterus toward anti-inflammatory response and may support the early pregnancy in cattle. However, the exact mechanisms by which the platelets’ components [i.e. platelet extracellular vesicles (PEVs)] in the bovine uterus remain unknown (?).







Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Ethics statement

The animal study was approved by the Committee on the Ethics of Animal Experiments of the Obihiro University of Agriculture and Veterinary Medicine, Japan (Permit number 27-74). The study was conducted in accordance with the local legislation and institutional requirements.





Author contributions

MY: Conceptualization, Writing – review & editing, Formal Analysis, Methodology, Writing – original draft. IA: Conceptualization, Data curation, Methodology, Writing – original draft. DM: Methodology, Writing – review & editing. SH: Conceptualization, Methodology, Writing – review & editing. KK: Conceptualization, Writing – review & editing. MS: Conceptualization, Writing – review & editing. KI: Conceptualization, Writing – review & editing. AM: Conceptualization, Writing – review & editing, Funding acquisition, Project administration, Supervision.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by a Grant-in-Aid for Scientific Research (22KF0017 and 23H02356) of Japan Society for the Promotion of Science (JSPS).




Acknowledgments

This work was supported by the Station for Management of Common Equipment, Obihiro University of Agriculture and Veterinary Medicine, Japan.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. Hamad, MA, Krauel, K, Schanze, N, Gauchel, N, Stachon, P, Nuehrenberg, T, et al. Platelet subtypes in inflammatory settings. Front Cardiovasc Med. (2022) 9:823549. doi: 10.3389/fcvm.2022.823549

2. Supernat, A, Popęda, M, Pastuszak, K, Best, MG, Grešner, P, SIt, V, et al. Transcriptomic landscape of blood platelets in healthy donors. Sci Rep. (2021) 11:15679. doi: 10.1038/s41598-021-94003-z

3. Davizon-Castillo, P, Rowley, JW, and Rondina, MT. Megakaryocyte and platelet transcriptomics for discoveries in human health and disease. Arterioscler Thromb Vasc Biol. (2020) 40:1432–40. doi: 10.1161/atvbaha.119.313280

4. Holinstat, M. Normal platelet function. Cancer Metastasis Rev. (2017) 36:195–8. doi: 10.1007/s10555-017-9677-x

5. Cremonesi, F, Bonfanti, S, Idda, A, and Lange-Consiglio, A. Platelet rich plasma for regenerative medicine treatment of bovine ovarian hypofunction. Front Vet Sci. (2020) 7:517. doi: 10.3389/fvets.2020.00517

6. Paul, M, Hong, F, Falet, H, and Kim, H. Gelsolin controls the release of phosphatidylserine (PS)-positive microvesicles (MVs) from platelets. Cell Signal. (2024) 124:111433. doi: 10.1016/j.cellsig.2024.111433

7. Guerreiro, EM, Kruglik, SG, Swamy, S, Latysheva, N, Østerud, B, Guigner, J-M, et al. Extracellular vesicles from activated platelets possess a phospholipid-rich biomolecular profile and enhance prothrombinase activity. J Thromb Haemost. (2024) 22:1463–74. doi: 10.1016/j.jtha.2024.01.004

8. Cauwenberghs, S, Feijge, MA, Harper, AG, Sage, SO, Curvers, J, and Heemskerk, JW. Shedding of procoagulant microparticles from unstimulated platelets by integrin-mediated destabilization of actin cytoskeleton. FEBS Lett. (2006) 580:5313–20. doi: 10.1016/j.febslet.2006.08.082

9. Caragea, T, Ivanov, M, Ciobanu, L, Cobet, V, Popovici, M, Dicusar, O, et al. Platelet-derived microvesicles in cardiovascular diseases. Bull Acad Sci Mold Med Sci. (2024) 78:166–78. doi: 10.52692/1857-0011.2024.1-78.17

10. Guo, J, Cui, B, Zheng, J, Yu, C, Zheng, X, Yi, L, et al. Platelet-derived microparticles and their cargos: The past, present and future. Asian J Pharm Sci. (2024) 19:100907. doi: 10.1016/j.ajps.2024.100907

11. Linke, B, Schreiber, Y, Picard-Willems, B, Slattery, P, Nüsing, RM, Harder, S, et al. Activated platelets induce an anti-Inflammatory response of monocytes/macrophages through cross-regulation of PGE(2) and cytokines. Mediators Inflamm. (2017) 2017:1463216–. doi: 10.1155/2017/1463216

12. Zamora, C, Cantó, E, Nieto, JC, Bardina, J, Diaz-Torné, C, Moya, P, et al. Binding of platelets to lymphocytes: A potential anti-inflammatory therapy in rheumatoid arthritis. J Immunol (Baltimore Md: 1950). (2017) 198:3099–108. doi: 10.4049/jimmunol.1601708

13. Heffron, SP, Weinstock, A, Scolaro, B, Chen, S, Sansbury, BE, Marecki, G, et al. Platelet-conditioned media induces an anti-inflammatory macrophage phenotype through EP4. J Thromb haemost: JTH. (2021) 19:562–73. doi: 10.1111/jth.15172

14. Kral, JB, Schrottmaier, WC, Salzmann, M, and Assinger, A. Platelet interaction with innate immune cells. Transfus Med Hemother. (2016) 43:78–88. doi: 10.1159/000444807

15. Macdonald, LJ, Boddy, SC, Denison, FC, Sales, KJ, and Jabbour, HN. A role for lipoxin A4 as an anti-inflammatory mediator in the human endometrium. Reproduction. (2011) 142:345–52. doi: 10.1530/rep-11-0021

16. Ludwig, N, Hilger, A, Zarbock, A, and Rossaint, J. Platelets at the crossroads of pro-inflammatory and resolution pathways during inflammation. Cells. (2022) 11:1957. doi: 10.3390/cells11121957

17. Moser, G, Guettler, J, Forstner, D, and Gauster, M. Maternal platelets-friend or foe of the human placenta? Int J Mol Sci. (2019) 20:5639. doi: 10.3390/ijms20225639

18. Marques, LF, Stessuk, T, Camargo, IC, Sabeh Junior, N, dos Santos, L, and Ribeiro-Paes, JT. Platelet-rich plasma (PRP): methodological aspects and clinical applications. Platelets. (2015) 26:101–13. doi: 10.3109/09537104.2014.881991

19. Kim, JH, Park, M, Paek, JY, Lee, WS, Song, H, and Lyu, SW. Intrauterine infusion of human platelet-rich plasma improves endometrial regeneration and pregnancy outcomes in a murine model of Asherman’s syndrome. Front Physiol. (2020) 11:105. doi: 10.3389/fphys.2020.00105

20. Marini, MG, Perrini, C, Esposti, P, Corradetti, B, Bizzaro, D, Riccaboni, P, et al. Effects of platelet-rich plasma in a model of bovine endometrial inflammation in vitro. Reprod Biol Endocrinol.: RB&E. (2016) 14:58. doi: 10.1186/s12958-016-0195-4

21. Bos-Mikich, A, Ferreira, MO, de Oliveira, R, and Frantz, N. Platelet-rich plasma or blood-derived products to improve endometrial receptivity? J Assist Reprod Genet. (2019) 36:613–20. doi: 10.1007/s10815-018-1386-z

22. Segabinazzi, L, Canisso, IF, Podico, G, Cunha, LL, Novello, G, Rosser, MF, et al. Intrauterine blood plasma platelet-therapy mitigates persistent breeding-induced endometritis, reduces uterine infections, and improves embryo recovery in mares. Antibiotics (Basel). (2021) 10:490. doi: 10.3390/antibiotics10050490

23. Hassaneen, ASA, Rawy, MS, Yamanokuchi, E, Elgendy, O, Kawano, T, Wakitani, S, et al. Use of platelet lysate for in-vitro embryo production and treatment of repeat breeding in cows. Theriogenology. (2023) 210:199–206. doi: 10.1016/j.theriogenology.2023.07.034

24. Colombo, I, Mislei, B, Mari, G, Iacono, E, and Merlo, B. Effect of platelet lysate on uterine response of mares susceptible to persistent mating-induced endometritis. Theriogenology. (2022) 179:204–10. doi: 10.1016/j.theriogenology.2021.12.001

25. Dawood, AS, and Salem, HA. Current clinical applications of platelet-rich plasma in various gynecological disorders: An appraisal of theory and practice. Clin Exp Reprod Med. (2018) 45:67–74. doi: 10.5653/cerm.2018.45.2.67

26. Zhang, P, Li, D, Yang, Z, Xue, P, and Liu, X. Nrf2/HO-1 pathway is involved the anti-inflammatory action of intrauterine infusion of platelet-rich plasma against lipopolysaccharides in endometritis. Immunopharmacol Immunotoxicol. (2022) 44:119–28. doi: 10.1080/08923973.2021.2012483

27. Sheldon, IM, Cronin, JG, and Bromfield, JJ. Tolerance and innate immunity shape the development of postpartum uterine disease and the impact of endometritis in dairy cattle. Annu Rev Anim Biosci. (2019) 7:361–84. doi: 10.1146/annurev-animal-020518-115227

28. Mekibib, B, Belachew, M, Asrade, B, Badada, G, and Abebe, R. Incidence of uterine infections, major bacteria and antimicrobial resistance in postpartum dairy cows in southern Ethiopia. BMC Microbiol. (2024) 24:4. doi: 10.1186/s12866-023-03160-w

29. Abeysinghe, P, Turner, N, Mosaad, E, Logan, J, and Mitchell, MD. Dynamics of inflammatory cytokine expression in bovine endometrial cells exposed to cow blood plasma small extracellular vesicles (sEV) may reflect high fertility. Sci Rep. (2023) 13:5425. doi: 10.1038/s41598-023-32045-1

30. Strandberg, G, Sellberg, F, Sommar, P, Ronaghi, M, Lubenow, N, Knutson, F, et al. Standardizing the freeze-thaw preparation of growth factors from platelet lysate. Transfusion. (2017) 57:1058–65. doi: 10.1111/trf.13998

31. Jiemtaweeboon, S, Shirasuna, K, Nitta, A, Kobayashi, A, Schuberth, H-J, Shimizu, T, et al. Evidence that polymorphonuclear neutrophils infiltrate into the developing corpus luteum and promote angiogenesis with interleukin-8 in the cow. Reprod Biol Endocrinol.: RB&E. (2011) 9:79. doi: 10.1186/1477-7827-9-79

32. Skarzynski, DJ, Miyamoto, Y, and Okuda, K. Production of prostaglandin f (2alpha) by cultured bovine endometrial cells in response to tumor necrosis factor alpha: cell type specificity and intracellular mechanisms. Biol Reprod. (2000) 62:1116–20. doi: 10.1095/biolreprod62.5.1116

33. Ezz, MA, Marey, MA, Elweza, AE, Kawai, T, Heppelmann, M, Pfarrer, C, et al. TLR2/4 signaling pathway mediates sperm-induced inflammation in bovine endometrial epithelial cells in vitro. PloS One. (2019) 14:e0214516. doi: 10.1371/journal.pone.0214516

34. Elweza, AE, Ezz, MA, Acosta, TJ, Talukder, AK, Shimizu, T, Hayakawa, H, et al. A proinflammatory response of bovine endometrial epithelial cells to active sperm in vitro. Mol Reprod Dev. (2018) 85:215–26. doi: 10.1002/mrd.22955

35. Yousef, MS, Marey, MA, Hambruch, N, Hayakawa, H, Shimizu, T, Hussien, HA, et al. Sperm binding to oviduct epithelial cells enhances TGFB1 and IL10 expressions in epithelial cells as well as neutrophils in vitro: Prostaglandin E2 as a main regulator of anti-inflammatory response in the bovine oviduct. PloS One. (2016) 11:e0162309. doi: 10.1371/journal.pone.0162309

36. Akthar, I, Suarez, SS, Morillo, VA, Sasaki, M, Ezz, MA, Takahashi, KI, et al. Sperm enter glands of preovulatory bovine endometrial explants and initiate inflammation. Reproduction. (2020) 159:181–92. doi: 10.1530/rep-19-0414

37. Talukder, AK, Yousef, MS, Rashid, MB, Awai, K, Acosta, TJ, Shimizu, T, et al. Bovine embryo induces an anti-inflammatory response in uterine epithelial cells and immune cells in vitro: possible involvement of interferon tau as an intermediator. J Reprod Dev. (2017) 63:425–34. doi: 10.1262/jrd.2017-056

38. Talukder, AK, Rabaglino, MB, Browne, JA, Charpigny, G, and Lonergan, P. Dose- and time-dependent effects of interferon tau on bovine endometrial gene expression. Theriogenology. (2023) 211:1–10. doi: 10.1016/j.theriogenology.2023.07.033

39. Ricciotti, E, and FitzGerald, GA. Prostaglandins and inflammation. Arterioscler Thromb Vasc Biol. (2011) 31:986–1000. doi: 10.1161/atvbaha.110.207449

40. Loynes, CA, Lee, JA, Robertson, AL, Steel, MJ, Ellett, F, Feng, Y, et al. PGE(2) production at sites of tissue injury promotes an anti-inflammatory neutrophil phenotype and determines the outcome of inflammation resolution in vivo. Sci Adv. (2018) 4:eaar8320-eaar. doi: 10.1126/sciadv.aar8320

41. Saleh, LS, Vanderheyden, C, Frederickson, A, and Bryant, SJ. Prostaglandin E2 and its receptor EP2 modulate macrophage activation and fusion in vitro. ACS Biomater Sci Eng. (2020) 6:2668–81. doi: 10.1021/acsbiomaterials.9b01180

42. Xiang, B, Zhang, G, Guo, L, Li, XA, Morris, AJ, Daugherty, A, et al. Platelets protect from septic shock by inhibiting macrophage-dependent inflammation via the cyclooxygenase 1 signaling pathway. Nat Commun. (2013) 4:2657. doi: 10.1038/ncomms3657

43. Ando, Y, Oku, T, and Tsuji, T. Platelet supernatant suppresses LPS-induced nitric oxide production from macrophages accompanied by inhibition of NF-κB signaling and increased arginase-1 expression. PloS One. (2016) 11:e0162208. doi: 10.1371/journal.pone.0162208

44. Chiang, N, Arita, M, and Serhan, CN. Anti-inflammatory circuitry: lipoxin, aspirin-triggered lipoxins and their receptor ALX. Prostaglandins Leukot Essent Fatty Acids. (2005) 73:163–77. doi: 10.1016/j.plefa.2005.05.003

45. Tang, K, Liu, J, Yang, Z, Zhang, B, Zhang, H, Huang, C, et al. Microparticles mediate enzyme transfer from platelets to mast cells: A new pathway for lipoxin A4 biosynthesis. Biochem Biophys Res Commun. (2010) 400:432–6. doi: 10.1016/j.bbrc.2010.08.095

46. Serhan, CN. Pro-resolving lipid mediators are leads for resolution physiology. Nature. (2014) 510:92–101. doi: 10.1038/nature13479

47. Serhan, CN. Lipoxins and aspirin-triggered 15-epi-lipoxins are the first lipid mediators of endogenous anti-inflammation and resolution. rostaglandins Leukot Essent Fatty Acids. (2005) 73:141–62. doi: 10.1016/j.plefa.2005.05.002

48. Kocaturk, I, Gulten, S, Ece, B, and Kukul Guven, FM. Exploring PGE2 and LXA4 levels in migraine patients: The potential of LXA4-based therapies. Diagnostics. (2024) 14:635. doi: 10.3390/diagnostics14060635

49. Levy, BD, Clish, CB, Schmidt, B, Gronert, K, and Serhan, CN. Lipid mediator class switching during acute inflammation: signals in resolution. Nat Immunol. (2001) 2:612–9. doi: 10.1038/89759

50. Perretti, M, and D’Acquisto, F. Annexin A1 and glucocorticoids as effectors of the resolution of inflammation. Nat Rev Immunol. (2009) 9:62–70. doi: 10.1038/nri2470

51. Kim, H, Park, S-H, Han, SY, Lee, Y-S, Cho, J, and Kim, J-M. LXA4-FPR2 signaling regulates radiation-induced pulmonary fibrosis via crosstalk with TGF-β/Smad signaling. Cell Death Dis. (2020) 11:653. doi: 10.1038/s41419-020-02846-7

52. Tuerxun, P, Ng, T, Sun, J, Ou, F, Jia, X, Zhao, K, et al. Lipoxin A4 modulates the PKA/CREB and NF-κB signaling pathway to mitigate chondrocyte catabolism and apoptosis in temporomandibular joint osteoarthritis. Exp Cell Res. (2024) 442:114249. doi: 10.1016/j.yexcr.2024.114249

53. Shanbhag, S, Al-Sharabi, N, Mohamed-Ahmed, S, Gruber, R, Kristoffersen, EK, and Mustafa, K. Brief communication: Effects of conditioned media from human platelet lysate cultured MSC on osteogenic cell differentiation in vitro. Front Bioeng Biotechnol. (2022) 10:969275. doi: 10.3389/fbioe.2022.969275

54. Li, Q, Kannan, A, DeMayo, FJ, Lydon, JP, Cooke, PS, Yamagishi, H, et al. The antiproliferative action of progesterone in uterine epithelium is mediated by Hand2. Sci (New York NY). (2011) 331:912–6. doi: 10.1126/science.1197454

55. Yuan, G, Li, D, Du, X, Liu, Y, Wang, X, and Hao, C. Effects of platelet-rich fibrin on human endometrial stromal cells behavior in comparison to platelet-rich plasma. Front Cell Dev Biol. (2024) 12:1445928. doi: 10.3389/fcell.2024.1445928




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Yousef, Akthar, Ma, Haneda, Kusama, Shimada, Imakawa and Miyamoto. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-16-1560996-g007.jpg
°< TGFB1
s PGE2

-2% Platelet secretions

'.f:‘ Platelet extracellular vesicles (PEVs) ?

Platelet
&M r - G4

Platelet secretions shift the uterine immunity to Th2 toward pregnancy






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Platelet secretions exert anti-inflammatory effects in vitro on neutrophils and uterine epithelia in cattle: a possible role in amplifying the uterine immune network toward pregnancy

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Ethics statement

          



          		

            Experimental design

          



          		

            Blood platelets’ isolation and preparation of PCM and Lysate

          



          		

            Detection of TGFB1 level in PCM and Lysate

          



          		

            Preparation and stimulation of PMNs

          



          		

            Preparation of BEECs and stimulation with PCM and Lysate

          



          		

            Quantitative real-time PCR

          



          		

            Flow cytometry

          



          		

            Immunofluorescence of uterine explants

          



          		

            Proliferation assay

          



          		

            TUNEL assay

          



          		

            Determination of LXA4 and PGE2 concentrations

          



          		

            Statistical analysis

          



        



        



        		

          Result

        

          		

            PGE2 and TGFB1 concentrations in PCM and Lysate

          



          		

            PCM upregulated anti-inflammatory response in PMNs

          



          		

            PCM and Lysate upregulated anti-inflammatory response in BEECs

          



          		

            PCM increased the expression of LXA4-R protein in bovine endometrium

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-16-1560996-g005.jpg
A)

B)

Absorbance at 450 pm

Relative BEECs Viability (%)

100

80

60

40

20

(=]

Con

Oh

Proliferation assay

Incubation time

24 h

PCM Lysate

o gl I 1)

BEECs + DNase |
Perkthe contred

—o—Con
—o—PCM

—o— Lysate





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-16-1560996-g003.jpg
Z

Fold mRNA expression

1.0

B)

PGE2 (pg/ml)

700 -
600 -
500 -
400
300
200 4

100 +

PMIN

TGFB1

PMN-PCM

*

0

PMIN

PMIN-PCM

2.0

Lipoxin A4 (pg/ml)

PMIN

TNFA

PMIN-PCM

* %

PMIN

PMIN-PCM

2.0

e
o

=)

~
'S
S

w
S

% Positive cells for Arg 1
S S

ILIB

* %k %

PMN PMIN-PCM

PMN PMN-PCM

PMN

PMN-PCM

2.0

PGES1 %

I

Positive

Arg1-P1

PMIN-PCM





OEBPS/Images/fimmu-16-1560996-g001.jpg
Platelet isolation 30 min — -E
E— I — h
37" C \ ELISA

' 9
Platelet (TGFB1 & PGE2)

Platelet-conditioned media

PMN
CM
isolation (ECHM)

n ——
N @ PCM PCM

PMN

Flon‘;_;'fonllel'}' Gene expression ELISA
Al‘g 1 LAX4 & PGE2 (CCK-8)

h‘t:a

Gene expression ELISA (PGE2)






OEBPS/Images/fimmu.2025.1560996_cover.jpg
& frontiers | Frontiers in Immunology

Platelet secretions exert antiinflammatory
effects in vitro on neutrophils and uterine
epithelia in cattle: a possible role in
amplifying the uterine immune network
toward pregnancy





OEBPS/Images/fimmu-16-1560996-g006.jpg
Merge

&)
-





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-16-1560996-g004.jpg
=z

. TGFBI INEA ) IL1B ] PGEs] W—
& 2.0 15 4 5
=]
g 7 15 ¢ 2
& 1.0
7154 3 i
3 1.0
& 1.0 1 2
= 0.5
=
E 05 05 *** 1 .
0.0 0.0 0.0 0

PCM Lysate

B)
50 -
%%k
40 4
e * k%
E 301
o0
=
)
e~ 20 4
=
&}
A 10 4
|

Con PCM Lysate
Conditioned media

PCM

Lysate

PCM

Lysate

Con

PCM

Lysate





OEBPS/Images/table1.jpg
: Sequence of nucleotide Accession
Gene Primer a by
(5'=>3) No.
B-actin F TCACCAACTGGGACGACATG T
& R CGTTGTAGAAGGTGTGGTGCC :
F CTTTCTTCAAATGCAGCATTGG
HGHE | 5 GGGTCTGGGTGATACAACGAA | M-001166068.1
F CAAAAGCATGATCCGGGATG
TNFA NM_173966.
R TTCTCGGAGAGCACCTCCTC e lfoska
F AATCGAAGAAAGGCCCGTCT
b R ATATCCTGGCCACCTCGAAA ML 1740
F AAAATGTACGTGGTGGCCGT
PGESL ¢ CTTCTTCCGCAGCCTCACTT NM_174443.2






OEBPS/Images/fimmu-16-1560996-g002.jpg
B)

A)

* I
*
=3 [—3 [—3 [—3 [—3 [— [—3 =]
=4 (=3 (=4 =3 =4 =1 =3
~ o w - Lz} (o] —
(quy3d) zaod
*
*

8 S e 8
- @ o~ -
qu/3d)1gIOL

Lysate

PCM

Lysate

PCM





