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Background

Prematurity is the leading cause of childhood death under the age of five. The aetiology of preterm birth is multifactorial; however, inflammation and infection are the most common causal factors, supporting a potential role for immunomodulation as a therapeutic strategy. 15-Deoxy-Delta-12,14-prostaglandin J2 (15dPGJ2) is an anti-inflammatory prostaglandin and has been shown to delay lipopolysaccharide (LPS) induced preterm labour in mice and improve pup survival. This study explores the immunomodulatory effect of 15dPGJ2 on the transcription factors NF-κB and AP-1, pro-inflammatory cytokines, and contraction associated proteins in human cultured myocytes, vaginal epithelial cell line (VECs) and primary amnion epithelial cells (AECs).



Methods

Cells were pre-incubated with 32µM of 15dPGJ2 and stimulated with 1ng/mL of IL-1β as an in vitro model of inflammation. Western immunoblotting was used to detect phosphorylated p-65 and phosphorylated c-Jun as markers of NF-κB and AP-1 activation, respectively. mRNA expression of the pro-inflammatory cytokines IL-6, IL-8, and TNF-α was examined, and protein expression of COX-2 and PGE2 were detected by western immunoblotting and ELISA respectively. Myometrial contractility was examined ex-vivo using a myograph.



Results

15dPGJ2 inhibited IL-1β-induced activation of NF-κB and AP-1, and expression of IL-6, IL-8, TNF-α, COX-2 and PGE2 in myocytes, with no effect on myometrial contractility or cell viability. Despite inhibiting IL-1β-induced activation of NF-κB, expression of IL-6, TNF-α, and COX-2, 15dPGJ2 led to activation of AP-1, increased production of PGE2 and increased cell death in VECs and AECs.



Conclusion

We conclude that 15dPGJ2 has differential effects on inflammatory modulation depending on cell type and is therefore unlikely to be a useful therapeutic agent for the prevention of preterm birth.
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1 Introduction

Preterm birth (PTB) occurs in 5-18% of pregnancies worldwide and is the leading cause of mortality in children under the age of five (1, 2). There is a global drive to reduce the rates of preterm birth and its related morbidity and mortality. The United Nations Sustainable Development Goal 3 has set a target to reduce neonatal and under-five mortality to 12 and 25 per 1000 births respectively in all countries by 2030 (3). One of the challenges for reducing PTB rates is its multifactorial aetiology, and the unrealistic expectation that a single preventative strategy, for example tocolytics, could be effective regardless of aetiology. Infection and inflammation are the most common causal factors for spontaneous PTB, especially at earlier gestations, where morbidity and mortality are at their highest (4–6). Despite this knowledge, there have not been any new developments in therapies since the last century.

Term labour is an inflammatory process, with evidence of leukocyte invasion and pro-inflammatory cytokine production in the myometrium, cervix, and fetal membranes (7–11). In addition, pro-labour mediators COX-2, prostaglandins, matrix metalloproteinases contribute to fetal membrane activation, uterine contractility and cervical remodelling that is required for fetal membrane rupture, uterine contractions, and cervical dilation. The transcription factors NF-κB and AP-1 have been shown to regulate the expression of pro-inflammatory cytokines and pro-labour mediators such as COX-2, prostaglandins, and the oxytocin receptor (12–17). We and others have demonstrated in vitro and ex vivo activation of the transcription factors NF-κB and AP-1 by Toll like receptor (TLR) agonists (18–21), which leads to further augmentation of a pro-inflammatory response via a feed forward loop. Early activation of these transcription factors by microbes and/or cytokines is likely to trigger preterm cervical dilatation, fetal membrane rupture, myometrial contractility, and ultimately preterm birth, and therefore serve as potential therapeutic targets. The sources of infection can be via haematogenous spread, disseminated locally via the placenta, or most commonly ascending to the intrauterine cavity and fetal membranes from the vagina (22). It is plausible that therapeutics could be developed to target local sites, either the myometrium (systemic administration, or utilising nanoparticle technology) or the cervical-vaginal interface and overlying fetal membranes using a vaginal pessary.

15-Deoxy-Delta-12,14-prostaglandin J2 (15dPGJ2) is an endogenous prostaglandin of the J2 series (23, 24) and is a ligand for the peroxisome proliferator-activated receptor (PPAR)-γ, and components of the NF-κB, and AP-1 signalling pathways (25–27). Several studies have demonstrated differential expression of the PPAR receptors (28, 29), NF-κB (14, 30) and AP-1 (31–33) in gestational tissue, depending on gestational age and the presence or absence of labour. We have previously demonstrated that the anti-inflammatory prostaglandin 15-Deoxy-Delta-12,14-prostaglandin J2 (15dPGJ2) inhibits NF-κB at multiple levels in the NF-κB pathway in human myocytes and amnion epithelial cells (AECs) in vitro (26). Additionally, we have shown in a mouse model that 15dPGJ2 inhibits LPS-induced activation of NF-κB, delays LPS-induced preterm labour, and improves pup survival (20). In contrast, the effects of 15dPGJ2 on AP-1 activation in vitro has been shown to be variable, depending on cell type (27, 34–36). Given that AP-1 is a key mediator of inflammation-induced preterm labour in the mouse (16, 17, 37), it is important to establish the effect of 15dPGJ2 on AP-1 activation on human gestational tissue. We hypothesised that 15dPGJ2 would have immunosuppressive effects on human gestational tissue, and thus serve as a novel potential therapeutic agent for PTB prevention. We report on the effects of 15dPGJ2 on the transcription factors NF-κB and AP-1, pro-inflammatory cytokines and pro-contractile mediators in cultured human myocytes, vaginal and amnion epithelial cells.



2 Materials and methods


2.1 Ethics statement

Myometrial biopsies and placentas were collected from women undergoing elective caesarean section between 38- and 41-weeks gestational age at Queen Charlotte’s and Chelsea Hospital, Imperial College Healthcare NHS Trust, London. Consent was taken in accordance ethical committee approval from Riverside Research Ethics Committee (Ref 3358) and Hammersmith, Queen Charlotte’s & Chelsea Hospitals Research Ethics Committee (Ref 2002/628) and in accordance with Imperial College NHS Healthcare Trust Research and Development. Written consent was obtained from all subjects. Women undergoing pre-labour elective caesarean section from healthy pregnancies were selected. This was to avoid any confounding effects of labour and gestational age, such as variations in the expression of prostaglandin pathway and immune mediator genes (38), or pathologies, leading to variations in tissue responses.



2.2 Cell culture and treatments


2.2.1 Myometrial cells

Myometrial biopsies were taken from the upper margin of lower segment incisions during elective caesarean sections. The tissue was washed with phosphate buffered saline (PBS) to rinse off excess blood and then dissected mechanically using two sterile blades to form a fine paste-like texture. Cells were isolated by incubating the tissue for 45 min at 37°C with a sterile enzyme mix of 10 mg of Collagenase 1A, 10 mg of Collagenase XI, and 200 mg of bovine serum albumin (BSA) in 30 mls of 1:1 of Dulbecco’s Modified Eagle’s Medium (DMEM) and F-12 HAM. DMEM containing 10% fetal calf serum (FCS) was added to inactivate the enzymes before the suspension was filtered through a cell strainer and centrifuged at 3000 rpm for 5 min. The pellet was resuspended in DMEM (10% FCS) containing 2 mM/L L-glutamine, 100 U/ml penicillin, and 100 µg/ml of streptomycin and cultured to confluence. Cells up to passage five were used for experiments. A minimum of 3 biological replicates were used per experiment.



2.2.2 Vaginal epithelial cells

The vaginal epithelial cell line VK2/E6E7 was purchased from ATCC (ATCC® CRL2616™) and stored in liquid nitrogen until use. In preparation for experiments, cells were thawed for 1 min at 37°C in a water bath and transferred into pre-warmed DMEM containing 10% FCS. The suspension was centrifuged at 125 x g for 5 min and cells were resuspended in keratinocytes serum free medium (KSFM), bovine pituitary extract (BPE), epidermal growth factor (EGF) and calcium chloride (CaCl2) at 37°C with 5% CO2 and grown to confluence. Confluent cells were trypsinised and plated for experiments. Only passage numbers 3-6 were used for experiments. Experiments were repeated a minimum of three times.



2.2.3 Amnion epithelial cells

AECs were processed as described previously (19). Placentas were collected within an hour of delivery and processed immediately. The amnion tissue was separated from the choriodecidua, and the excess blood was removed by rinsing the tissue in PBS. The tissue was cut into strips of approximately 5cm length and then incubated in 0.5 mM EDTA-PBS for 15 minutes at room temperature. The strips were then washed with PBS and incubated in 60 mls of pre-warmed Dispase (Gibco) at 2 g/L in PBS for 50 min at 37°C. The strips were carefully removed from the Dispase and transferred into DMEM containing 10% FCS, 2 Mm/L L-glutamine, 100 U/ml Penicillin and 100 µg/ml Streptomycin, and shaken vigorously to isolate the epithelial cells. The floating strips were removed, and the medium was centrifuged at 2000 rpm for 10 min. The cell pellet was re-suspended in DMEM and filtered through a 20 µm filter. The collected cells were re-suspended to a required volume in DMEM containing 10% FCS, 2 Mm/L L-glutamine, 100 U/ml Penicillin and 100 µg/ml Streptomycin and plated for culture at 37°C with 5% CO2 until confluent. Confluence was reached by days 4 or 5.




2.3 Cell treatment

A concentration of 32 µm of 15dPGJ2, (Cayman Chemical, Ann Arbor, MI), was selected on the basis of previous data demonstrating inhibitory effect on p-p65 in peripheral blood mononuclear cells (PBMCs) (39),myocytes (26), and amniocytes (40). Although no published data exist for the optimal concentration to be used in VECs, we selected the same concentration for consistency, especially with the long-term view of needing to use single concentration/dosing regime in clinical practice. A vehicle control of DMSO was used for non-treated samples. Myocytes, VECs, and AECs were treated with 32 µM of 15dPGJ2 for 2 hrs before stimulation with IL-1β (1 ng/mL), (R&D Systems, Abingdon, UK). IL-1β (1 ng/mL) stimulation was for 15 mins when determining activation of NF-κB and AP-1, 4 hrs when determining expression of COX-2, and 24 hrs for PGE2 concentrations. A time course of 4, 8, 12 and 24 hrs was carried out when examining IL-6, IL-8, and TNF-α mRNA expression. Experiments were terminated by removing cell culture supernatant and storing cells at -80°C until further use. Between 3-6 biological replicates were performed for each experiment.



2.4 Protein extraction, Sodium Dodecyl sulfate polyacrylamide gel electrophoresis (SDS- PAGE) and Western immunoblotting

The adherent cells were lysed with whole cell lysis buffer (Cell Signalling) with 5 µl/mL of protease inhibitor cocktail (Sigma), 5 µl/mL pf phosphatase inhibitor cocktail (Sigma), 1 mM of PMSF and collected using a cell scraper. Cells were incubated on ice for 5 min and centrifuged at 14,000 g for 10 min at 4°C. Supernatant was collected and the protein was quantified using Bio-Rad quantification assay measuring absorbance at 655 nm (Bio‐Rad, Hercules, CA). Protein was resolved using SDS-PAGE and transferred onto PVDF membranes (GE Healthcare, Chalfont St Giles, UK) at a constant voltage of 300 mA. The membranes were then blocked in 5% (weight/volume) milk in Tris‐buffered saline supplemented with 0·1% Tween 20 for 1 hr at room temperature before incubation with primary and secondary antibodies as shown in Table 1. The chemiluminescence detection was performed using Clarity™ Western ECL Substrate (Bio-Rad) and imaged using chemiluminescent imager (ImageQuant) and the densitometry was performed with ImageQuantTL (version 8.1).


Table 1 | Western immunoblotting antibodies.





2.5 Cytokine mRNA quantification by quantitative RT-qPCR

Total RNA was isolated from the adherent cells using Trizol© (Invitrogen Life Technologies, Grand Island, NY) according to the manufacturer’s instructions. 2 µg of RNA was added to the mixture of 1 µl of DNAse 10x buffer and 1 µl of DNAse with DEPC treated water made to total volume of 10 µl. The solution was incubated for 15 min at room temperature before adding 1 µl of stop solution. The mixture was heated to 70°C for 10 min. 8 µl of the DNAse treated samples were then added to the remaining 1 μl 10 mM dNTP mix and 1 μl of Oligo DT (0.5 μg/ml), mixed and incubated at 70°C for 10 min. Later, 2 μl 10x M-MLV RT buffer, 1 μl M-MLV RT, 0.5 μl RNase Inhibitor, and 6.5 μl DEPC treated water were then added and the solution was incubated at room temperature for 15 min, 37°C for 50 min, and 90°C for 10 min. The resulting cDNA was diluted 1:5 for the specific amplification of genes of interest, and the fold change of target genes were analysed taking into account the reference gene β actin, Table 2. cDNA synthesis and RT-qPCR reagents were purchased from Sigma-Aldrich (Gillingham, UK) unless otherwise stated. Cycling conditions were; Polymerase activation at 94°C for 3 minutes, denaturing at 94°C for 45 s, annealing at 60°C for 30 s, extension at 72°C for 1 min 30 s, holding at 72°C for 10 minutes.


Table 2 | Primers for gene expression.





2.6 PGE2 quantification

Supernatant was collected after pre-treatment with either vehicle control or 15dPGJ2 and 24 hrs of IL-1β stimulation for quantification of PGE2 production by ELISA according to the manufacturer’s guidance (KGE004B, R&D Systems, Minneapolis, MN). The supernatant was diluted 1:3 with the assay diluent and plated alongside the calibration curve standards (range of 39-2,500 pg/mL). The optical density of each well was read at 450 nm, 540 nm and 570 nm. To calculate PGE2 concentrations, the average readings from the absorbance values of 540 and 570 nm was subtracted from the reading taken from 450 nm.



2.7 Myometrial contractility

Myometrial tissue biopsies were dissected at 4°C into 8 strips of approximately 5 mm x 10 mm and mounted onto the thermostatically-controlled isolated organ baths (DMT Myograph 800MS) and stretched to 4 g of tension. The tissue was allowed to equilibrate for 90 min in 4 mls of oxygenated (95% O2 and 5% CO2) modified Kreb’s solution (D-Glucose 2.0 g/L, Magnesium sulphate (anhydrous) 0.141 g/L, Potassium phosphate monobasic 0.16 g/L, Potassium chloride 0.35 g/L, Sodium chloride 6.9 g/L, Calcium chloride dihydrate 0.373 g/L, Sodium bicarbonate 2.1 g/L) at 37°C, pH 7.4. Strips were treated with a cumulative dose response from 1 µM to 100 µM of 15dPGJ2 after spontaneous contractions were established. At the end of the experiment 10-7 M of oxytocin was added to demonstrate myometrial strip contractility as a marker of viability. The total area under the curve, average area under the curve, average peak amplitude, and the rate of contractions were analysed by comparing to the vehicle control using the Powerlab software V5.5.6 (ADI Instruments) using the peak parameters extension.



2.8 Cell integrity and viability

Cell morphology was assessed every four hrs during incubations with 15dPGJ2 or vehicle control using standard light microscopy. The release of the LDH into myocyte culture medium using the LDH assay kit (Cayman Chemicals) was performed as per the manufacturer’s instructions with Triton-X (1%) as the positive control. Since the morphological appearance of VECs and AECs changed following incubation with 15dPGJ2, cell viability was determined using the MTT assay. Briefly, 50,000 cells were cultured in a 96 wells plate and MTT reagent was added into each well after treatment and incubated for 4 hrs at 37°C with 5% CO2. The crystal dissolving solution was then added into each well for 12 hrs at 37°C with 5% CO2 before reading the plate at 570 nm.



2.9 Statistical analysis

Statistical analyses were performed using Kruskal Wallis, one-way analysis of variance (ANOVA), or two-way ANOVA with Dunn’s or Bonferroni’s multiple comparison test depending on the distribution of data and the number of treated groups or tests on respective experiments. All analyses, including tests for normality were carried out using GraphPad v5 (GraphPad Software v5, San Diego, CA). A value of p<0.05 was considered to indicate statistical significance.




3 Results


3.1 Effects of 15dPG2 on myocytes


3.1.1 15dPGJ2 inhibits IL-1β-induced transcription factor NF-κB and AP-1 in myocytes

To study the effect of 15dPGJ2 on the activation of the transcription factors NF-κB and AP-1 in myocytes, cells were pre incubated with 15dPGJ2 or vehicle control for 2 hrs, and then stimulated with 1 ng/ml IL-1β for 15 min. We demonstrated that IL-1β stimulation leads to an increase in p-p65 (p<0.01), reflecting activation of NF-κB, and that 15dPGJ2 inhibits this effect (p<0.05), (Figure 1A). Similarly, IL-1β stimulation leads to an increase in p-c-Jun (p<0.01), reflecting activation of AP-1, and 15dPGJ2 inhibits this effect (p<0.05, Figure 1B).




Figure 1 | 15dPGJ2 inhibits IL-1β-induced NF-κB and AP-1 activation in myometrial cells. Myometrial cells were pre-incubated for 2 hours with 32µM 15dPGJ2 or vehicle control before stimulation with 1ng/ml of IL-1β for 15 minutes. Whole cell lysates were prepared and assessed by Western immunoblotting for serine 536-phosphorylated p65 (Ser536-p-p65) as a marker of NF-κB activation, and serine 73-phosphorylated c-Jun (Ser73-p-c-Jun) as a marker of AP-1 activation. Representative immunoblots are shown for p-p65 (A) and p-c-Jun (B) with β-actin as a loading control. Densitometry analysis of the immunoblots showed a significant increase in p-p65 and p-c-Jun with IL-1β stimulation after 15 minutes (p<0.01). Pre-incubation with 15dPGJ2 significantly inhibited IL-1β-induced p-p65 and p-c-Jun (p<0.05) activation. n=5-6. *p<0.05, **p<0.01. Data are presented as mean ± SEM.





3.1.2 15dPGJ2 inhibits IL-1β-induced inflammatory mediators IL-6, IL-8, and TNF-α in myometrial cells

IL-1β stimulation significantly increased IL-6 mRNA at 8 (p<0.01) and 12 (p<0.05) hrs, the effect of which was significantly inhibited by 15dPGJ2 (Figure 2A). Similarly, IL-1β induced IL-8 expression at 8 hrs (p<0.01, Figure 2B), and TNF-α at 4 hrs (p<0.001,Figure 2C), and were inhibited by 15dPGJ2 (p<0.05 and p<0.001 respectively).




Figure 2 | 15dPGJ2 inhibits IL-1β-induced IL-6, IL-8, and TNF-α cytokines mRNA production in myometrial cells. Myometrial cells were pre-incubated for 2 hours with 32µM 15dPGJ2 or vehicle prior to 1ng/ml of IL-1β stimulation. Cells were harvested at -2, 0, 4, 8, 12 and 24 hours post IL-1β stimulation. Quantitative RT-qPCR was used to determine the effect of 15dPGJ2 on IL-6, IL-8, and TNF-α mRNA. Fold change took into account the reference gene β actin. A significant increase in IL-6 was observed with IL-1β at 8 and 12 hours (p < 0.01, p < 0.05), and inhibition of this effect was seen when cells were pre-incubated with 15dPGJ2 at 8 hours (p < 0.05) (A). A significant increase in IL-8 was seen at 8 hours (p < 0.01), and inhibition of this effect was seen when cells were pre-incubated with 15dPGJ2 at 8 hours (p < 0.05) (B). TNF-α mRNA was upregulated at 4 hours with IL-1β stimulation (p < 0.001), the effect of which was inhibited on pre-incubation with 15dPGJ2 (p < 0.001) (C). n = 3. The effect of IL-1β was compared to -2 non-stimulated (vehicle) time point. *p < 0.05, **p < 0.01, ***p < 0.001. The effect of 15dPGJ2 was determined by comparing the IL-1β plus 15dPGJ2 treatment to IL-1β alone †p < 0.05, †††p < 0.001. Data are presented as mean ± SEM.





3.1.3 15dPGJ2 inhibits IL-1β-induced contraction associated genes and proteins in myometrial cells but does not affect contractility

15dPGJ2 significantly inhibited IL-1β-induced cPLA2-α mRNA expression at 8 and 12 hrs (p<0.001) (Figure 3A). IL-1β-induced COX-2 mRNA and protein expression at 4 hrs (p<0.01 and p<0.05), which was inhibited by 15dPGJ2 (p<0.01 and p<0.05 respectively, Figures 3B, C). Increased PGE2 production following stimulation of myocytes with IL-1β (p<0.05). was also inhibited by 15dPGJ2 (p<0.05, Figure 3D).




Figure 3 | 15dPGJ2 inhibits IL-1β-induced contraction associated genes and proteins in myometrial cells. Myometrial cells were pre-incubated for 2 hours with 32µM 15dPGJ2 or vehicle before stimulation with 1ng/ml of IL-1β. For cPLA2-α mRNA, cells were harvested at -2, 0, 4, 8, 12 and 24 post 1ng/ml of IL-1β stimulation. COX-2 mRNA and protein were harvested after 4 hours. mRNA level was quantified using RT-qPCR and whole cells lysates were prepared and assessed by RT-qPCR and western immunoblotting used β-actin as the loading controland reference gene. PGE2 was quantified using ELISA after 24 hours stimulation of 1ng/ml IL-1β. IL-1β-induced cPLA2-α mRNA at 8 and 12 hours and was significantly inhibited by 15dPGJ2 (p < 0.001) (A). IL-1β stimulation significantly increased COX-2 production (p < 0.01) and pre-incubation with 15dPGJ2 significantly decreased mRNA (p < 0.01) (B) and protein expression p < 0.05). (C). IL-1β stimulation increased PGE2 production and pre-incubating the myocytes with 15dPGJ2 significantly inhibited the production (p < 0.05) (D). n = 3. *p < 0.05, **p < 0.01, ***p < 0.001, †††p < 0.001. Data are presented as mean ± SEM.



With the inhibitory effect of 15dPGJ2 seen on the main contraction associated proteins, we next evaluated the effect of 15dPGJ2 on myometrial contractility. We did not stimulate the tissue with IL-1β as we wanted to assess the tocolytic effect to model women who present with uterine contractions in threatened preterm labour where it is not possible to determine the presence of uterine inflammation. No change in total and average area under the curve, average peak amplitude or average rate of contractility was observed with 15dPGJ2 dose-response treatment compared to the vehicle control (Figures 4A–E).




Figure 4 | 15dPGJ2 has no effect on myometrial contractility. Myometrial tissues biopsies were dissected and mounted on the myograph machine and stretched to 4g tension to achieve spontaneous contractions. After spontaneous contractions were established, the tissues were treated with 1, 10, 20, 50 and 100µM of 15dPGJ2 or vehicle control. A representative trace is shown for two 15dPGJ2 treated strips and a vehicle control strip (A). A cumulative dose response with 15dPGJ2 or vehicle was performed and the effect on total and average area under the curve (B, C), peak amplitude (D) and rate of contractility (E) was determined. 15dPGJ2 had no significant effect on myometrial contractility. V = vehicle. n = 3 biological replicates, each containing at least two 15dPGJ2 treated strips per biological replicate. Data are presented as mean ± SEM.





3.1.4 15dPGJ2 is non-toxic to myometrial cells

To confirm that 15dPGJ2 did not have any cytotoxic effects on myocytes, the morphology of the cells was examined at four hourly intervals for 12 hrs, and again at 24 hrs at the final experimental timepoint. Cell morphology appeared unchanged under examination by bright field microscopy (Figure 5A). Confirmation of cell health was performed by assessing LDH release in cell culture supernatant with no significant difference in LDH release between cells treated with vehicle control or 32 µm of 15dPGJ2 (Figure 5B).




Figure 5 | 15dPGJ2 effects on myometrial cells integrity. Myometrial cells were pre-incubated with 32µM of 15dPGJ2 or vehicle for 2 hours and assessed for 24 hours. Morphology of the cells were assessed by brightfield microscopy (A) and LDH release into supernatant was detected at -2, 0, 4, 8, 12 and 24 hours (B). No difference in LDH release was seen between timepoints or between vehicle control and 15dPGJ2 treated cells. n = 3. Data are presented as mean ± SEM. NS, Non-stim.






3.2 Effects of 15dPG2 on vaginal and amnion epithelial cells


3.2.1 15dPGJ2 has differential effects on IL-1β-induced NF-κB and AP-1 in vaginal and amnion epithelial cells

The promising anti-inflammatory effects of 15dPGJ2 led us to investigate this effect on VECs and AECs in an in vitro model of ascending inflammation. We have previously demonstrated the inhibitory effect of 15dPGJ2 on IL-1β-stimulated NF-κB in AECs. However, the effects of 15dPGJ2 on VECs has not previously been explored. IL-1β induced NF-κB activation in VECs (p<0.001) and AECs (p<0.001) and was significantly inhibited by 15dPGJ2 in both cell types (p<0.001 and p<0.01 respectively) (Figures 6A, B). In contrast, IL-1β did not lead to a significant increase in p-c-Jun in either cell type. However, 15dPGJ2 alone and combined with IL-1β significantly increased p-c-Jun in VECs (p<0.01 and p<0.05 respectively,Figure 6C). In AECs, only the combined treatment of IL-1β and 15dPGJ2 increased p-c-Jun (p<0.01, Figure 6D).




Figure 6 | Effect of 15dPGJ2 on NF-κB and AP-1 in vaginal and amnion epithelial cells. Vaginal (VEC) and amnion epithelial cells (AECs) were pre-incubated with 32μM of 15dPGJ2 for 2 hours then stimulated with 1ng/ml of IL-1β. Whole cell lysate was used to determine serine 536-phosphorylated p65 (Ser536-p-p65) as a marker of NF-κB activation and serine 73-phosphorylated c-Jun (Ser73-p-c-Jun) as a marker of AP-1 via western immunoblotting. A representative blot was shown above each graph with β-actin as a loading control. Pre-incubation with 15dPGJ2 significantly inhibited IL-1β stimulated NF-κB in VECs (p < 0.001) (A) and AECs (p < 0.01) (B). AP-1 however significantly increased after incubation with 15dPGJ2 alone as well as with 15dPGJ2 and IL-1β in VECs (p < 0.01) (C) and also in 15dPGJ2 and IL-1β treated AECs (p<0.01) (D). *p < 0.05, **p < 0.01, ***p < 0.001. n = 3-6. Data are presented as mean ± SEM.





3.2.2 15dPGJ2 has differential effects on inflammatory cytokine production in vaginal and amnion epithelial cells

Due to the observed differential effect of 15dPGJ2 on AP-1 activation compared to NF-κB activation in VECs and AECs, we next examined its effect on IL-1β induced pro-inflammatory cytokine production. Similar to myocytes, an increase in IL-6 (p<0.001), IL-8 (p<0.001) and TNF-α (p<0.001) was seen with IL-1β stimulation. Pre-treatment of VECs with 15dPGJ2 inhibited IL-1β induced IL-8 and TNF-α (p<0.001, Figures 7A–C). In contrast, IL-1β induced IL-6 (p<0.001), and TNF-α (p<0.001) production in AECs (Figures 7D, F), but only IL-6 was significantly inhibited by 15dPGJ2 (p<0.001, Figure 7D). Furthermore, combined treatment with IL-1β and 15dPGJ2 led to a significant and substantial increase in production of IL-8 in AECs (p<0.01, Figure 7E).




Figure 7 | Effect of 15dPGJ2 on IL-6, IL-8 and TNF-α mRNA in vaginal and amnion epithelial cells. VEC and AECs were pre-incubated with 32μM of 15dPGJ2 for 2 hours then stimulated with 1ng/ml of IL-1β. Cells were harvested, and total RNA was quantified after -2, 0, 4, 8, 12 and 24 hours. Quantitative PCR was performed looking at IL-6, IL-8 and TNF-α mRNA level. Fold change took into account the reference gene β actin IL-1β stimulation increased IL-6 mRNA expression in VEC at 4 (**) and 24 (***) hours but no statistically significant inhibition was achieved with 15dPGJ2 pre-incubation (A). IL-8 mRNA expression increased with IL-1β stimulation and this effect was inhibited by 15dPGJ2 at 4, 8, 12 (***, †††) and 24 (**, †) hours (B). TNF-α mRNA also increased with IL-1β stimulation and this effect was inhibited by 15dPGJ2 at 4, 8, 12 (***, †††) and 24 (*, †) hours (C). In amniocytes, IL-1β stimulation significantly increased IL-6 expression in which this effect was inhibited at 8 (***, †††), 12 (***, ††) and 24 (***, †††) hours (D). Pre-incubation of 15dPGJ2 before IL-1β stimulation increased IL-8 mRNA compared to IL-1β alone (††) at 8 hours (E). TNF-α mRNA expression increased at 4 hours with IL-1β stimulation (***) but the inhibition by 15dPGJ2 did not reach statistical significance (F). n = 3. *p < 0.05, **p < 0.01, ***p < 0.001 = effect of IL-1β compared to -2 non-stimulated time point. †p < 0.05, ††p < 0.01, †††p < 0.001 = effect of IL-1β 15dPGJ2 compared to IL-1β treatment alone. Data are presented as mean ± SEM.





3.2.3 15dPGJ2 inhibits IL-1β-induced COX-2 in amnion and vaginal epithelial cells but does not inhibit PGE2

Next, we determined if there were differential effects of IL-1β and 15dPGJ2 on the expression of COX-2 and PGE2 in VECs and AECs. IL-1β induced COX-2 expression in both VECs (non-significant) and AECs (p<0.001), which was significantly inhibited by 15dPGJ2 pre-incubation in both VECs (p<0.05) (Figure 8A) and AECs (Figure 8B), (p<0.05). IL-1β stimulation had no significant effect on PGE2 production in either cell types. However, incubation with 15dPGJ2 alone significantly increased the production of PGE2 in VECs cells (p<0.001) and AECs (p<0.05) at 24 hrs (Figures 8C, D).




Figure 8 | Effect of 15dPGJ2 on COX-2 and PGE2 in vaginal and amnion epithelial cells. VECs and AECs were pre-incubated with 32μM of 15dPGJ2 for 2 hours then stimulated with 1ng/ml of IL-1β for 4 hours to examine COX-2 protein expression and 24 hours to examine PGE2 production. Whole cell lysate was used to determine COX-2 protein expression and an ELISA was used to determine PGE2 concentration in cell culture supernatant. 15dPGJ2 pre-incubation significantly inhibited IL-1β stimulated COX-2 protein expression in VECs (p < 0.05) (A) and AECs (B) (p < 0.05) at 4 hours. PGE2 concentration was increased in VEC culture supernatant when treated with 15dPGJ2 (p < 0.001) and 15dPGJ2 plus IL-1β (p < 0.01) (C) and in supernatant of 15dPGJ2 treated AECs (p < 0.05) (D). n=3-7. *p < 0.05, **p < 0.01, ***p < 0.001. Data are presented as mean ± SEM.





3.2.4 15dPGJ2 increased p-JNK and p-p38, but not p-ERK

We next examined upstream MAP kinase activation since regulation of AP-1 by MAPK signaling pathways involve p-JNK, p-p38 and p-ERK. In VECs, 15dPGJ2 treatment significantly increased p-JNK (Figure 9A) and p-p38 (Figure 9B) (p<0.01) levels while no effect was seen with IL-1β stimulation alone. In contrast, IL-1β-induced p-ERK was significantly attenuated by 15dPGJ2 (p<0.01, Figure 9C). Neither 15dPGJ2 nor IL-1β altered p-JNK levels in AECs (Figure 9D). There was a trend increase in p-p38 and p-ERK levels observed following treatment of AECs with 15dPGJ2 alone, although did not reach statistical significance (Figures 9E, F). However, 15dPGJ2 was shown to attenuate IL-1β induced phosphorylation of p-38 (p<0.05) but not ERK.




Figure 9 | Effect of 15dPGJ2 MAPKs in vaginal and amnion epithelial cells. VECs and AECs were pre-incubated with 32μM of 15dPGJ2 for 2 hours then stimulated with 1ng/ml of IL-1β for 15 minutes. Whole cell lysate was used to determine, phosphorylated-JNK1/JNK2(Thr183/Tyr185), phosphorylated-p38(Thr180/Tyr182) and phosphorylated-ERK (Thr202/Tyr204) via Western immunoblotting. A representative blot was shown above each graph with β-actin as a loading control. In VECs, incubation with 15dPGJ2 alone for 2 hours significantly increased the basal level p-JNK (p < 0.01) (A) and p-p38 (p < 0.01) (B) but had no effect on p-ERK (C). Treatment with 1ng/ml of IL-1β increased p-ERK, and this was attenuated by pre-incubation with 15dPGJ2 (p < 0.01) in VECs (C). In AECs, no effect was seen on p-JNK with IL-1β and/or 15dPGJ2 (D). IL-1β stimulation of AECs led to an increase in p-p-38 (p < 0.001) (E) and p-ERK (p < 0.001) (F), the response of which were attenuated upon pre-incubation with 15dPGJ2. *p < 0.05, **p < 0.01, ***p < 0.001, NS non significant. n = 3-6.​ Data are presented as mean ± SEM.





3.2.5 15dPGJ2 reduced cell viability in vaginal and amnion epithelial cells ​

Examination of the morphological appearance of VECs and AECs under light microscopy during the experimental time points following administration of either vehicle control or 15dPGJ2,indicating changes suggestive of 15dPGJ2 induced reduction in cell integrity (Figures 10A, C respectively). MTT assaying confirmed a reduction in cell viability from the 2 hr time point in VECs (p<0.05, Figure 10B), and in AECs which reached statistical significance at 18 hrs post treatment (p<0.05, Figure 10D).




Figure 10 | Effect of 15dPGJ2 on cell viability in vaginal and amnion epithelial cells. VECs and AECs were incubated with or without 32μM of 15dPGJ2 and the morphology of the cells were assessed by brightfield light microscopy at -2, 0, 2, 4, 6, 18 and 24 hours. 15dPGJ2 or vehicle control was inserted in the corresponding wells at -2 timepoint following image and supernatant capture. The culture medium at each time point was used to detect cell viability using the MTT assay. The morphology of VECs changed from a healthy polygonal shape to an abnormal round shape compared to the control (A). The effect of 15dPGJ2 on cell viability was detected as early as 2 hours (p < 0.05), and a steady change was seen at 4, 6, 18 and 24 hours (p < 0.001) (B). In AECs, the morphological shape of the cells started to change from an ovoid, slab stone- and cobblestone-like pattern to a stretched star-like pattern at 18 hours compared to the control (C). The cell viability of amnion epithelial cells was significantly changed by 18 hours in 15dPGJ2 treated cells (p < 0.05) (D). *p < 0.05, ***p < 0.001, NS non significant. n = 3.​ Data are presented as mean ± SEM.







4 Discussion

Parturition is considered to be an inflammatory process, with term labour being a physiological process. In contrast, preterm labour is a pathological process whereby premature activation of biochemical and inflammatory pathways occur (4, 41). The presence of infection and or inflammation is seen in 25-40% of all preterm births (6), and in up to 80% of extreme preterm births (42). We and others have shown that the presence of certain vaginal microbial communities increase the risk of preterm birth (43), which is likely to be due to the combined effect of local inflammation and ascending infection/inflammation (44, 45). Furthermore, inflammation in the absence of infection, known as ‘sterile inflammation’, has also been widely associated with PTB (46, 47). Activation of the transcription factors NF-κB and AP-1 initiate a proinflammatory cascade of cytokines, chemokines, COX-2, prostaglandins, and matrix metalloproteinases (14, 48, 49) which participate in several processes of labour including cervical remodelling, uterine contractility, and rupture of fetal membranes (50). Our study reports on the effects of 15dPGJ2 on NF-κB, AP-1, cytokines, COX-2, and prostaglandins. Whilst we demonstrate inhibitory effects in myocytes, we demonstrate unfavourable stimulatory effects on pro-inflammatory and pro-labour mediators and reduced cell viability in VEC and AECs.

One of the challenges of developing new therapeutic strategies for pregnancy related conditions is the desire to deliver drugs in a way that avoids transport to the fetus, and to target relevant gestational tissues, such as the myometrium or the cervix. Nanomedicine based technology for drug delivery has been used to deliver histone deacetylase (HDAC) inhibitors via vaginal pessary in the mouse and leads to a reduction in PTB rates (51). Several groups have purified and encapsulated 15dPGJ2 into nanoparticles and both in vitro and in vivo experiments have confirmed anti-inflammatory effects (52–54). For example, 15dPGJ2 loaded nanoparticles inhibit surgically induced inflammation in rat femurs as demonstrated by a reduction in tissue IL-6, IL-1β, and TNF-α mRNA (54). Intraperitoneal delivery of 15dPGJ2 solid lipid nanoparticles leads to a reduction in neutrophil migration and reduced IL-1β concentrations in peritoneal fluid of LPS treated mice (53). The lack of tocolytic effect seen in myometrial strips in our study would not support the development of targeted drug delivery of 15dPGJ2 to the uterus in humans.

We have previously shown that intra-amniotic co-administration of LPS with 15dPGJ2 delays PTB and increases pup survival in the mouse (20). This was demonstrated to involve inhibition of myometrial p-p65, p-IκBβ, and JNK activity, a reduction in p-cPLA2, COX-2 expression, and a reduction in the proinflammatory chemokines CCL2 and CXCL1 when mice were co-treated with 15dPGJ2 compared to LPS alone. Consistent with this murine model, we have demonstrated with the current study that 15dPGJ2 is also able to inhibit IL-1β induced pro-contractile and pro-inflammatory and mediators in human cultured primary myocytes. However, we acknowledge that some of our results have large error bars and should be interpreted with his in mind. Despite this, our results are consistent with our previous findings that 15dPGJ2 inhibits IL-1β and PMA-induced p-p65 in myocytes, AECs and PBMCs (26, 39). In addition, we demonstrated inhibition of IL-1β induced AP-1 activation in myocytes. AP-1 proteins (cFos, FosB, c-Jun, JunB and JunD) are expressed in human myometrium (31), and term labour is associated with an increase in cFos, and JunB expression (33). In vitro assays show that AP-1 transcriptional activity is increased with exposure to TNF- α (33). Both NF-κB and AP-1 have been shown to directly regulate IL-1β- induced IL-8 gene expression in myocytes cultured from human myometrium at term (15). Furthermore, we have demonstrated that IL-1β-induced mRNA expression of IL-6, TNF-α, and IL-8 occurs in association with increased p-p65 and p-c-Jun protein expression. It is therefore unsurprising that 15dPGJ was able to inhibit IL-1β- induced cytokine production.

Despite inhibition of IL-1β induced cPLA2, COX 2 and PGE2 in myocytes, the lack of inhibitory effect on myometrial contractility may have been due to the limitation of the ex vivo contractility experimental model. Myometrial strips do not contract for longer than 8 hrs in our model, and therefore it is not possible to determine the longer term effect of 15dPGJ2-mediation of PGE2 production and contractility. Another possible limitation was that we did not test the effect of 15dPGJ2 on IL-1β treated myometrial strips. Our ex – vivo contractility model was designed to determine if 15dPGJ2 had tocolytic effects once contractions had commenced and in the absence of inflammation, since the majority of women who present in threatened preterm labour are already contracting, and it is not always possible to establish if inflammation is present before commencing tocolytic therapy.

In preterm birth, the presence of intra-amniotic infection and inflammation is most commonly due to ascending from the vagina (22). Therefore, when exploring new therapeutic targets, it is also essential to explore effects on both VECs and AECs. We acknowledge that AECs were cultured from tissue taken from women at term rather than preterm gestations, and that a cell line was used to study the effects of 15dPG2 on VECs. This may limit the application of our results to the use of 15dPGJ2 in preterm women. Our justification for using pre labour healthy term samples (and a cell line for VECs), was to limit variation in cellular responses. As observed in myocytes, 15dPGJ2 was able to inhibit IL-1β-induced NF-κB activation in both VECs and AECs. However, a differential response in AP-1 activation was seen in the epithelial cells. Despite 15dPGJ2 inhibiting p-c-Jun in myocytes, it led to increased phosphorylation of c-Jun in both epithelial cell types, but more significantly in VECs. Despite many studies demonstrating 15dPGJ2 driven inhibition of AP-1 activation (55–58), there are also several studies confirming 15dPGJ2 driven activation, predominantly in epithelial cells. AP-1 activation, as determined by increased AP-1 DNA binding activity, is increased in both epithelial colonic and breast cancer cell lines following treatment with 10 and 30µm of 15dPGJ2 respectively (59, 60).

The mechanism for 15dPGJ2 induced activation of AP-1 is unclear. AP-1 regulation by the mitogen-activated protein kinase (MAP) signal transduction pathways occurs via: extracellular signal-regulated kinases (ERKs), c-Jun N terminal kinases (JNKs), and p-38 mitogen activated protein kinases (p38). Studies have demonstrated variable effects of 15dPGJ2 on the MAP kinases, but most report on activation rather than inhibition. 15dPGJ2 can induce JNK activation (61), p-p38 (62) and p-ERK (63, 64) expression, but has also been reported to inhibit JNK (65), p-38 (66) and p-ERK (67) expression. The differential effect is likely to be dependent on multiple variables including dosing time course, concentration, and cell type. In our study we saw a trend in activation of p-p38 and p-ERK in AECs treated with 15dPGJ2 alone, yet 15dPGJ2 was able to inhibit the stimulatory effects of IL-1β. In contrast, we observed a significant and substantial increase in p-JNK and p-p38 expression in VECs following pre-treatment with 15dPGJ2. Without the use of specific inhibitors and/or knockdown experiments, our results are purely observational, rather than mechanistic and therefore, we cannot conclude how AP-1 is being regulated in response to 15dPGJ2 in our study. 

We showed that 15dPGJ2 inhibited IL-1β induced cytokine production in VECs and AECs. Although we acknowledge that the cytokine responses were subject to large error bars in some cases, which may limit the validity of some data. Lappas et al. examined the effects of 30 µm 15dPGJ2 and the synthetic PPAR-γ troglitazone on lipopolysaccharide induced cytokine production in placental, amnion and choriodecidual explants (68). Cytokine production was reduced in all tissue types with both agents, yet only 15dPGJ2 led to attenuation of NF-κB DNA binding activity. Berry et al. showed differential and dose dependant effects of 15dPGJ2 and the PPAR-γ ligand rosiglitazone on IL-1β induced pro-inflammatory and pro-labour mediator production in amnion derived WISH epithelial cells (69). These studies suggest that the downstream effects of 15dPGJ2 differ depending on which pathway is targeted and is likely to be influenced by cell type and the concentration of 15dPGJ2.

The enzyme COX-2 is the rate limiting step for prostaglandin production and plays a key role in fetal membrane rupture and cervical remodelling in the process of labour. Clinically, PGE2 is used as a vaginal pessary to ripen the cervix and induce labour at term, whereas the non -selective COX inhibitor Indomethacin has been shown to delay preterm labour (70). Both NF-κB and AP-1 have been shown to transcriptionally regulate COX-2 expression (71). In this study, IL-1β induced COX-2 expression was inhibited by 15dPGJ2 in all cell types at 4 hrs, yet at 24 hrs PGE2 production was substantially increased in VECs and AECs, but not myocytes, when treated with 15dPGJ2. The capacity for 15dPGJ2 to modulated COX-2 expression appears to be cell type specific. For example, in astrocytes it inhibits COX-2 expression yet has no effect on microglia COX-2 expression. In contrast, 15dPGJ2 has been reported to increase expression in osteosarcoma cells and breast cancer cells (34, 62). It is plausible that increased transcription of COX-2 in VECs and AECs occurred at a later timepoint than that assessed during this study. In support of this, 15dPGJ2 induced COX-2 expression has been reported to be first detectable at 6 hrs, increasing further at 12 hrs, with maximal expression seen at 24 hrs (72). Furthermore, it is likely that transcriptional regulation was via AP-1 and not NF-κB since the increase in PGE2 was seen in VECs and AECs but not in myocytes, although not conclusive in the without the use of specific inhibitors.

Despite not seeing any obvious morphological changes to myocytes treated with 15dPGj2, we saw a significant change in morphology of both amnion and vaginal epithelial cells. We also saw a significant reduction in cell viability as demonstrated by the MTT assay. Previous studies have shown similar effects on cell viability with a dose and time dependent effect (73, 74). Keelan et al. showed that 15dPGJ2 reduced cell viability, using the MTT assay, from 4 hours onwards, and with increasing the concentration up to 30 µm in amnion-like WISH cells (73). They also demonstrated morphological changes consistent with apoptosis from 2 hours, and biochemical changes like caspase activation and substrate cleavage from four hours post incubation. Since rosiglitazone had no effect on cell viability, they concluded this was likely to be a mechanism independent of PPAR-γ activation. We did not pursue exploring the role of PPARs in the 15dPGJ2-mediated effects demonstrated in this study, neither did we explore the explicit role of the MAP kinases with specific agonists/inhibitors. Whilst this may be seen as a limitation to our study, we felt that the unfavourable effects of 15dPGJ2 on cell viability rendered 15dPDJ2 an unlikely therapeutic agent and therefore we did not explore additional in vitro molecular targets.

In summary, we have reported on the cell type specific effects of 15dPGJ2 on pro-inflammatory and pro-labour mediators in an in vitro model of local and ascending and intrauterine inflammation. Whilst 15dPGJ2 had promising inhibitory effects on IL-1β induced pro-inflammatory and pro-contractile mediators in myocytes as summarised in Figure 11, there was no inhibition of myometrial contractility, and there was activation of AP-1, reduced cell viability, and increased production of PGE2 in both VECs and AECs (Figures 11B, C), and additionally an increase in IL-8 in AECs. We conclude that 15dPGJ2 is therefore unlikely to be an effective therapeutic agent in humans for preventing inflammation and/or infection induced preterm labour.




Figure 11 | Illustration on the effect of IL-1β and 15dPGJ2 on myocytes, vaginal and amnion epithelial cells. Pre-incubation of 15dPGJ2 in myocytes for 2 hours inhibited IL-1β induced activation of the transcription factors NF-κB and AP-1. This led to inhibition of cytokine expression and PGE2 production. In VECs and AECs, 15dPGJ2 inhibited IL-1β-stimulated NF-κB but led to activation of AP-1. A downstream inhibition of the pro-labour cytokines IL-6, IL-8, and TNF-α was seen in VECs. In contrast upregulation of IL-8 was seen in AECs. PGE2 production was increased both VECs and AECs following treatment with 15dPGJ2, and this may be due to AP-1 activation. In addition, increased cell death was seen in VECs and AECs with 15dPGJ2 treatment. We conclude that 15dPGJ2 has differential effects depending on cell type, and due to its ability to increase the production of pro-labour and pro- inflammatory mediators, we would not advocate its development as a novel therapeutic strategy for preterm birth prevention. Created with BioRender.com





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by Riverside Research Ethics Committee (Ref 3358) and Hammersmith, Queen Charlotte’s & Chelsea Hospitals Research Ethics Committee (Ref 2002/628). The patients/participants provided their written informed consent to participate in this study.



Author contributions

LS, ZR, TT, DM, and PB were responsible for the conception and design of the study. ZR, SK, YL, and LS conducted experiments and data analysis. All figures and tables were created by ZR and LS. ZR drafted the manuscript and all authors critically reviewed it. All authors contributed to the article and approved the submitted version.



Funding

This study was funded by Majlis Amanah Rakyat (MARA) (MARA Ref: 3304082377500), Malaysian Government Agency. LS was funded by a Wellbeing of Women Research Training Fellowship (Grant Ref 148), a National Institute for Health Research (NIHR) Clinical Lectureship and Genesis Research Trust and is currently a Parasol Foundation Clinical Senior Lecturer in Obstetrics. DAM was supported by the Medical Research Council (Grant Ref MR/L009226/1). This work was also supported by the National Institute for Health Research Comprehensive Biomedical Research Centre at Imperial College Healthcare NHS Trust and Imperial College London (Grant Ref P45272). This publication presents independent research funded by the National Institute for Health Research (NIHR). The views expressed are those of the authors and not necessarily those of Imperial College, the NHS, the NIHR or the Department of Health.



Acknowledgments

We would like to thank the study participants from Imperial College Healthcare NHS Trust for their contribution. We would also like to thank Xintong Li for her contributions as part of her BSc project at Imperial College London.



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.



Abbreviations

15dPGJ2, 15-Deoxy-Delta-12,14-prostaglandin J2; AP-1, activator protein-1; BPE, bovine pituitary extract; CaCL2, calcium chloride; COX-2, cyclooxygenase-2; cPLA2-α, cytosolic phospholipase A2- alpha; Cx43, connexin 43; DMT, Danish Myo Technology AS; DMEM, dulbecco’s modified eagle’s medium; EGF, epidermal growth factor; FCS, fetal calf serum; IL, interleukin; IL-1β, interleukin-1β; KSFM, keratinocytes serum free medium; LDH, lactate dehydrogenase; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide; NF-κB, nuclear factor‐κB; p-JNK, phospho-c-Jun N terminal kinase; p-p38, phospho-p-38 mitogen activated protein kinase; p-ERK, phospho-extracellular signal-regulated kinase; PGE2, prostaglandin E2; TNF‐α, tumour necrosis factor‐alpha.



References

1. Howson, CP, Kinney, MV, and Lawn, JE. Born too soon: The global action report on preterm birth. In: March of dimes, PMNCH, save the children. Geneva: World Health Organisation (2012).

2. Liu, L, Oza, S, Hogan, D, Perin, J, Rudan, I, Lawn, JE, et al. Global, regional, and national causes of child mortality in 2000-13, with projections to inform post-2015 priorities: an updated systematic analysis. Lancet (2015) 385(9966):430–40. doi: 10.1016/S0140-6736(14)61698-6

3. UnitedNations. (2022). Available at: https://sdgs.un.org/goals/goal3.

4. Romero, R, Espinoza, J, Kusanovic, JP, Gotsch, F, Hassan, S, Erez, O, et al. The preterm parturition syndrome. BJOG. (2006) 113 Suppl 3:17–42. doi: 10.1111/j.1471-0528.2006.01120.x.

5. Agrawal, V, and Hirsch, E. Intrauterine infection and preterm labor. Semin Fetal. Neonatal. Med (2012) 17(1):12–9. doi: 10.1016/j.siny.2011.09.001

6. Goldenberg, RL, Hauth, JC, and Andrews, WW. Intrauterine infection and preterm delivery. N Engl J Med (2000) 342(20):1500–7. doi: 10.1056/NEJM200005183422007

7. Thomson, AJ, Telfer, JF, Young, A, Campbell, S, Stewart, CJ, Cameron, IT, et al. Leukocytes infiltrate the myometrium during human parturition: further evidence that labour is an inflammatory process. Hum Reprod (1999) 14(1):229–36. doi: 10.1093/humrep/14.1.229

8. Luo, L, Ibaragi, T, Maeda, M, Nozawa, M, Kasahara, T, Sakai, M, et al. Interleukin-8 levels and granulocyte counts in cervical mucus during pregnancy. Am J Reprod Immunol (2000) 43(2):78–84. doi: 10.1111/j.8755-8920.2000.430203.x

9. Osman, I, Young, A, Ledingham, MA, Thomson, AJ, Jordan, F, Greer, IA, et al. Leukocyte density and pro-inflammatory cytokine expression in human fetal membranes, decidua, cervix and myometrium before and during labour at term. Mol Hum Reprod (2003) 9(1):41–5. doi: 10.1093/molehr/gag001

10. Gomez-Lopez, N, Vega-Sanchez, R, Castillo-Castrejon, M, Romero, R, Cubeiro-Arreola, K, and Vadillo-Ortega, F. Evidence for a role for the adaptive immune response in human term parturition. Am J Reprod Immunol (2013) 69(3):212–30. doi: 10.1111/aji.12074

11. Young, A, Thomson, AJ, Ledingham, M, Jordan, F, Greer, IA, and Norman, JE. Immunolocalization of proinflammatory cytokines in myometrium, cervix, and fetal membranes during human parturition at term. Biol Reprod (2002) 66(2):445–9. doi: 10.1095/biolreprod66.2.445

12. Lappas, M, and Rice, GE. The role and regulation of the nuclear factor kappa b signalling pathway in human labour. Placenta (2007) 28(5-6):543–56. doi: 10.1016/j.placenta.2006.05.011

13. Lappas, M, and Rice, GE. Transcriptional regulation of the processes of human labour and delivery. Placenta (2009) 30:S90–S5. doi: 10.1016/j.placenta.2008.10.005

14. Lindstrom, TM, and Bennett, PR. The role of nuclear factor kappa b in human labour. Reproduction (2005) 130(5):569–81. doi: 10.1530/rep.1.00197

15. Khanjani, S, Terzidou, V, Johnson, MR, and Bennett, PR. NFkappaB and AP-1 drive human myometrial IL8 expression. Mediators Inflamm (2012) 2012:504952. doi: 10.1155/2012/504952

16. MacIntyre, DA, Lee, YS, Migale, R, Herbert, BR, Waddington, SN, Peebles, D, et al. Activator protein 1 is a key terminal mediator of inflammation-induced preterm labor in mice. FASEB J (2014) 28(5):2358–68. doi: 10.1096/fj.13-247783

17. Migale, R, Herbert, BR, Lee, YS, Sykes, L, Waddington, SN, Peebles, D, et al. Specific lipopolysaccharide serotypes induce differential maternal and neonatal inflammatory responses in a murine model of preterm labor. Am J Pathol (2015) 185(9):2390–401. doi: 10.1016/j.ajpath.2015.05.015

18. Rasheed, ZBM, Lee, YS, Kim, SH, Rai, RK, Ruano, CSM, Anucha, E, et al. Differential response of gestational tissues to TLR3 viral priming prior to exposure to bacterial TLR2 and TLR2/6 agonists. Front Immunol (2020) 11:1899. doi: 10.3389/fimmu.2020.01899

19. Sykes, L, Thomson, KR, Boyce, EJ, Lee, YS, Rasheed, ZB, MacIntyre, DA, et al. Sulfasalazine augments a pro-inflammatory response in interleukin-1beta-stimulated amniocytes and myocytes. Immunology (2015) 146(4):630–44. doi: 10.1111/imm.12534

20. Pirianov, G, Waddington, SN, Lindstrom, TM, Terzidou, V, Mehmet, H, and Bennett, PR. The cyclopentenone 15-deoxy-delta 12,14-prostaglandin J(2) delays lipopolysaccharide-induced preterm delivery and reduces mortality in the newborn mouse. Endocrinology (2009) 150(2):699–706. doi: 10.1210/en.2008-1178

21. Elovitz, MA, and Mrinalini, C. Animal models of preterm birth. Trends Endocrinol Metab (2004) 15(10):479–87. doi: 10.1016/j.tem.2004.10.009

22. Goldenberg, RL, Culhane, JF, Iams, JD, and Romero, R. Epidemiology and causes of preterm birth. Lancet (2008) 371(9606):75–84. doi: 10.1016/S0140-6736(08)60074-4

23. Scher, JU, and Pillinger, MH. 15d-PGJ2: the anti-inflammatory prostaglandin? Clin Immunol (2005) 114(2):100–9. doi: 10.1016/j.clim.2004.09.008

24. Sykes, L, MacIntyre, DA, Teoh, TG, and Bennett, PR. Anti-inflammatory prostaglandins for the prevention of preterm labour. Reproduction (2014) 148(2):R29–40. doi: 10.1530/REP-13-0587

25. Forman, BM, Tontonoz, P, Chen, J, Brun, RP, Spiegelman, BM, and Evans, RM. 15-deoxy-delta 12, 14-prostaglandin J2 is a ligand for the adipocyte determination factor PPAR gamma. Cell (1995) 83(5):803–12. doi: 10.1016/0092-8674(95)90193-0

26. Lindstrom, TM, and Bennett, PR. 15-Deoxy-{delta}12,14-prostaglandin j2 inhibits interleukin-1{beta}-induced nuclear factor-{kappa}b in human amnion and myometrial cells: mechanisms and implications. J Clin Endocrinol Metab (2005) 90(6):3534–43. doi: 10.1210/jc.2005-0055

27. Perez-Sala, D, Cernuda-Morollon, E, and Canada, FJ. Molecular basis for the direct inhibition of AP-1 DNA binding by 15-deoxy-Delta 12,14-prostaglandin J2. J Biol Chem (2003) 278(51):51251–60. doi: 10.1074/jbc.M309409200

28. Berry, EB, Eykholt, R, Helliwell, RJ, Gilmour, RS, Mitchell, MD, and Marvin, KW. Peroxisome proliferator-activated receptor isoform expression changes in human gestational tissues with labor at term. Mol Pharmacol (2003) 64(6):1586–90. doi: 10.1124/mol.64.6.1586

29. Marvin, KW, Eykholt, RL, Keelan, JA, Sato, TA, and Mitchell, MD. The 15-deoxy-delta(12,14)-prostaglandin J(2)receptor, peroxisome proliferator activated receptor-gamma (PPARgamma) is expressed in human gestational tissues and is functionally active in JEG3 choriocarcinoma cells. Placenta (2000) 21(4):436–40. doi: 10.1053/plac.1999.0485

30. Lim, S, MacIntyre, DA, Lee, YS, Khanjani, S, Terzidou, V, Teoh, TG, et al. Nuclear factor kappa b activation occurs in the amnion prior to labour onset and modulates the expression of numerous labour associated genes. PloS One (2012) 7(4):e34707. doi: 10.1371/journal.pone.0034707

31. Nadeem, L, Farine, T, Dorogin, A, Matysiak-Zablocki, E, Shynlova, O, and Lye, S. Differential expression of myometrial AP-1 proteins during gestation and labour. J Cell Mol Med (2018) 22(1):452–71. doi: 10.1111/jcmm.13335

32. Bamberger, AM, Bamberger, CM, Aupers, S, Milde-Langosch, K, Loning, T, and Makrigiannakis, A. Expression pattern of the activating protein-1 family of transcription factors in the human placenta. Mol Hum Reprod (2004) 10(4):223–8. doi: 10.1093/molehr/gah011

33. Lim, R, and Lappas, M. Differential expression of AP-1 proteins in human myometrium after spontaneous term labour onset. Eur J Obstet. Gynecol. Reprod Biol (2014) 177:100–5. doi: 10.1016/j.ejogrb.2014.04.016

34. Janabi, N. Selective inhibition of cyclooxygenase-2 expression by 15-deoxy-Delta(12,14)(12,14)-prostaglandin J(2) in activated human astrocytes, but not in human brain macrophages. J Immunol (2002) 168(9):4747–55. doi: 10.4049/jimmunol.168.9.4747

35. Castrillo, A, Traves, PG, Martin-Sanz, P, Parkinson, S, Parker, PJ, and Bosca, L. Potentiation of protein kinase c zeta activity by 15-deoxy-delta(12,14)-prostaglandin J(2) induces an imbalance between mitogen-activated protein kinases and NF-kappa b that promotes apoptosis in macrophages. Mol Cell Biol (2003) 23(4):1196–208. doi: 10.1128/MCB.23.4.1196-1208.2003

36. Zernecke, A, Erl, W, Fraemohs, L, Lietz, M, and Weber, C. Suppression of endothelial adhesion molecule up-regulation with cyclopentenone prostaglandins is dissociated from IkappaB-alpha kinase inhibition and cell death induction. FASEB J (2003) 17(9):1099–101. doi: 10.1096/fj.02-0485fje

37. Pirianov, G, MacIntyre, DA, Lee, Y, Waddington, SN, Terzidou, V, Mehmet, H, et al. Specific inhibition of c-jun n-terminal kinase delays preterm labour and reduces mortality. Reproduction (2015) 150(4):269–77. doi: 10.1530/REP-15-0258

38. Phillips, RJ, Fortier, MA, and Lopez Bernal, A. Prostaglandin pathway gene expression in human placenta, amnion and choriodecidua is differentially affected by preterm and term labour and by uterine inflammation. BMC Pregnancy Childbirth. (2014) 14:241. doi: 10.1186/1471-2393-14-241

39. Sykes, L, MacIntyre, DA, Yap, XJ, Ponnampalam, S, Teoh, TG, and Bennett, PR. Changes in the Th1:Th2 cytokine bias in pregnancy and the effects of the anti-inflammatory cyclopentenone prostaglandin 15-deoxy-Delta(12,14)-prostaglandin J2. Mediators Inflamm (2012) 2012:416739. doi: 10.1155/2012/416739

40. Sykes, L, Lee, Y, Khanjani, S, Macintyre, DA, Yap, XJ, Ponnampalam, S, et al. Chemoattractant receptor homologous to the T helper 2 cell (CRTH2) is not expressed in human amniocytes and myocytes. PloS One (2012) 7(11):e50734. doi: 10.1371/journal.pone.0050734

41. Gotsch, F, Gotsch, F, Romero, R, Erez, O, Vaisbuch, E, Kusanovic, JP, et al. The preterm parturition syndrome and its implications for understanding the biology, risk assessment, diagnosis, treatment and prevention of preterm birth. J Matern Fetal. Neonatal. Med (2009) 22 Suppl 2:5–23. doi: 10.1080/14767050902860690

42. Cappelletti, M, Della Bella, S, Ferrazzi, E, Mavilio, D, and Divanovic, S. Inflammation and preterm birth. J Leukoc Biol (2016) 99(1):67–78. doi: 10.1189/jlb.3MR0615-272RR

43. Bayar, E, Bennett, PR, Chan, D, Sykes, L, and MacIntyre, DA. The pregnancy microbiome and preterm birth. Semin Immunopathol (2020) 42(4):487–99. doi: 10.1007/s00281-020-00817-w

44. Kindinger, LM, MacIntyre, DA, Lee, YS, Marchesi, JR, Smith, A, McDonald, JA, et al. Relationship between vaginal microbial dysbiosis, inflammation, and pregnancy outcomes in cervical cerclage. Sci Transl Med (2016) 8(350):350ra102. doi: 10.1126/scitranslmed.aag1026

45. Chan, D, Bennett, PR, Lee, YS, Kundu, S, Teoh, TG, Adan, M, et al. Microbial-driven preterm labour involves crosstalk between the innate and adaptive immune response. Nat Commun (2022) 13(1):975. doi: 10.1038/s41467-022-28620-1

46. Romero, R, Dey, SK, and Fisher, SJ. Preterm labor: one syndrome, many causes. Science (2014) 345(6198):760–5. doi: 10.1126/science.1251816

47. Gilman-Sachs, A, Dambaeva, S, Salazar Garcia, MD, Hussein, Y, Kwak-Kim, J, and Beaman, K. Inflammation induced preterm labor and birth. J Reprod Immunol (2018) 129:53–8. doi: 10.1016/j.jri.2018.06.029

48. Romero, R, Espinoza, J, Goncalves, LF, Kusanovic, JP, Friel, L, and Hassan, S. The role of inflammation and infection in preterm birth. Semin Reprod Med (2007) 25(1):21–39. doi: 10.1055/s-2006-956773

49. MacIntyre, DA, Sykes, L, Teoh, TG, and Bennett, PR. Prevention of preterm labour via the modulation of inflammatory pathways. J Matern Fetal. Neonatal. Med (2012) 25 Suppl 1:17–20. doi: 10.3109/14767058.2012.666114

50. Terzidou, V. Preterm labour. biochemical and endocrinological preparation for parturition. Best Pract Res Clin Obstet. Gynaecol. (2007) 21(5):729–56. doi: 10.1016/j.bpobgyn.2007.05.001

51. Zierden, HC, Ortiz, JI, DeLong, K, Yu, J, Li, G, Dimitrion, P, et al. Enhanced drug delivery to the reproductive tract using nanomedicine reveals therapeutic options for prevention of preterm birth. Sci Transl Med (2021) 13(576):1–32. doi: 10.1126/scitranslmed.abc6245

52. Maekawa, N, Hiramoto, M, Sakamoto, S, Azuma, M, Ito, T, Ikeda, M, et al. High-performance affinity purification for identification of 15-deoxy-Delta 12,14 -PGJ(2) interacting factors using magnetic nanobeads. BioMed Chromatogr (2011) 25(4):466–71. doi: 10.1002/bmc.1469

53. de Melo, NF, de Macedo, CG, Bonfante, R, Abdalla, HB, da Silva, CM, Pasquoto, T, et al. 15d-PGJ2-Loaded solid lipid nanoparticles: Physicochemical characterization and evaluation of pharmacological effects on inflammation. PloS One (2016) 11(8):e0161796. doi: 10.1371/journal.pone.0161796

54. Tang, Q, Chen, LL, Wei, F, Sun, WL, Lei, LH, Ding, PH, et al. Effect of 15-Deoxy-Delta(12,14)-prostaglandin J2Nanocapsules on inflammation and bone regeneration in a rat bone defect model. Chin Med J (Engl). (2017) 130(3):347–56. doi: 10.4103/0366-6999.198924

55. Surh, YJ, Na, HK, Park, JM, Lee, HN, Kim, W, Yoon, IS, et al. 15-Deoxy-Delta(1)(2),(1)(4)-prostaglandin J(2), an electrophilic lipid mediator of anti-inflammatory and pro-resolving signaling. Biochem Pharmacol (2011) 82(10):1335–51. doi: 10.1016/j.bcp.2011.07.100

56. Lee, JH, Woo, JH, Woo, SU, Kim, KS, Park, SM, Joe, EH, et al. The 15-deoxy-delta 12,14-prostaglandin J2 suppresses monocyte chemoattractant protein-1 expression in IFN-gamma-stimulated astrocytes through induction of MAPK phosphatase-1. J Immunol (2008) 181(12):8642–9. doi: 10.4049/jimmunol.181.12.8642

57. Jozkowicz, A, Nigisch, A, Winter, B, Weigel, G, Hukb, I, and Dulaka, J. 15-deoxy-delta12,14-prostaglandin-J2 inhibits expression of eNOS in human endothelial cells. Prostaglandins Other Lipid Mediat. (2004) 74(1-4):11–28. doi: 10.1016/j.prostaglandins.2004.05.001

58. Fahmi, H, Pelletier, JP, Di Battista, JA, Cheung, HS, Fernandes, JC, and Martel-Pelletier, J. Peroxisome proliferator-activated receptor gamma activators inhibit MMP-1 production in human synovial fibroblasts likely by reducing the binding of the activator protein 1. Osteoarthr. Cartilage. (2002) 10(2):100–8. doi: 10.1053/joca.2001.0485

59. Park, JM, and Na, HK. 15-Deoxy-Delta(12,14)-prostaglandin J2 upregulates the expression of 15-hydroxyprostaglandin dehydrogenase by inducing AP-1 activation and heme oxygenase-1 expression in human colon cancer cells. J Cancer Prev (2019) 24(3):183–91. doi: 10.15430/JCP.2019.24.3.183

60. Song, NY, Kim, DH, Kim, EH, Na, HK, and Surh, YJ. 15-deoxy-delta 12, 14-prostaglandin J2 induces upregulation of multidrug resistance-associated protein 1 via Nrf2 activation in human breast cancer cells. Ann N Y Acad Sci (2009) 1171:210–6. doi: 10.1111/j.1749-6632.2009.04914.x

61. Chen, K, Dai, W, Wang, F, Xia, Y, Li, J, Li, S, et al. Inhibitive effects of 15-deoxy-Delta(12),(14)-prostaglandin J2 on hepatoma-cell proliferation through reactive oxygen species-mediated apoptosis. Onco Targets Ther (2015) 8:3585–93. doi: 10.2147/ott.s92832

62. Kitz, K, Windischhofer, W, Leis, HJ, Huber, E, Kollroser, M, and Malle, E. 15-Deoxy-Delta12,14-prostaglandin J2 induces cox-2 expression in human osteosarcoma cells through MAPK and EGFR activation involving reactive oxygen species. Free Radic Biol Med (2011) 50(7):854–65. doi: 10.1016/j.freeradbiomed.2010.12.039

63. Kawakita, T, Masato, N, Takiguchi, E, Abe, A, and Irahara, M. Cytotoxic effects of 15-deoxy-Delta12, 14-prostaglandin J2 alone and in combination with dasatinib against uterine sarcoma in vitro. Exp Ther Med (2017) 13(6):2939–45. doi: 10.3892/etm.2017.4346

64. Kim, HR, Lee, HN, Lim, K, Surh, YJ, and Na, HK. 15-Deoxy-Delta12,14-prostaglandin J2 induces expression of 15-hydroxyprostaglandin dehydrogenase through elk-1 activation in human breast cancer MDA-MB-231 cells. Mutat Res (2014) 768:6–15. doi: 10.1016/j.mrfmmm.2014.06.005

65. Grau, R, Iniguez, MA, and Fresno, M. Inhibition of activator protein 1 activation, vascular endothelial growth factor, and cyclooxygenase-2 expression by 15-deoxy-Delta12,14-prostaglandin J2 in colon carcinoma cells: evidence for a redox-sensitive peroxisome proliferator-activated receptor-gamma-independent mechanism. Cancer Res (2004) 64(15):5162–71. doi: 10.1158/0008-5472.CAN-04-0849

66. Si, Q, Zhao, ML, Morgan, AC, Brosnan, CF, and Lee, SC. 15-deoxy-Delta12,14-prostaglandin J2 inhibits IFN-inducible protein 10/CXC chemokine ligand 10 expression in human microglia: mechanisms and implications. J Immunol (2004) 173(5):3504–13. doi: 10.4049/jimmunol.173.5.3504

67. Li, H, and Pauza, CD. Effects of 15-deoxy-delta12, 14-prostaglandin J2 (15d-PGJ2) and rosiglitazone on human gammadelta2 T cells. PloS One (2009) 4(11):e7726. doi: 10.1371/journal.pone.0007726

68. Lappas, M, Permezel, M, Georgiou, HM, and Rice, GE. Regulation of proinflammatory cytokines in human gestational tissues by peroxisome proliferator-activated receptor-gamma: effect of 15-deoxy-Delta(12,14)-PGJ(2) and troglitazone. J Clin Endocrinol Metab (2002) 87(10):4667–72. doi: 10.1210/jc.2002-020613

69. Berry, EB, Keelan, JA, Helliwell, RJ, Gilmour, RS, and Mitchell, MD. Nanomolar and micromolar effects of 15-deoxy-delta 12,14-prostaglandin J2 on amnion-derived WISH epithelial cells: differential roles of peroxisome proliferator-activated receptors gamma and delta and nuclear factor kappa b. Mol Pharmacol (2005) 68(1):169–78. doi: 10.1124/mol.104.009449

70. Loudon, JA, Groom, KM, and Bennett, PR. Prostaglandin inhibitors in preterm labour. Best Pract Res Clin Obstet. Gynaecol. (2003) 17(5):731–44. doi: 10.1016/S1521-6934(03)00047-6

71. Allport, VC, Slater, DM, Newton, R, and Bennett, PR. NF-kappaB and AP-1 are required for cyclo-oxygenase 2 gene expression in amnion epithelial cell line (WISH). Mol Hum Reprod (2000) 6(6):561–5. doi: 10.1093/molehr/6.6.561

72. Kim, EH, Na, HK, Kim, DH, Park, SA, Kim, HN, Song, NY, et al. 15-Deoxy-Delta12,14-prostaglandin J2 induces COX-2 expression through akt-driven AP-1 activation in human breast cancer cells: a potential role of ROS. Carcinogenesis (2008) 29(4):688–95. doi: 10.1093/carcin/bgm299

73. Keelan, J, Helliwell, R, Nijmeijer, B, Berry, E, Sato, T, Marvin, K, et al. 15-deoxy-delta12,14-prostaglandin J2-induced apoptosis in amnion-like WISH cells. Prostaglandins Other Lipid Mediat. (2001) 66(4):265–82. doi: 10.1016/S0090-6980(01)00164-2

74. Berry, EB, Sato, TA, Mitchell, MD, Stewart Gilmour, R, and Helliwell, RJ. Differential effects of serum constituents on apoptosis induced by the cyclopentenone prostaglandin 15-deoxy-delta12,14-prostaglandin J2 in WISH epithelial cells. Prostaglandins Leukot Essent Fatty Acids (2004) 71(3):191–7. doi: 10.1016/j.plefa.2004.04.001



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 © 2022 Rasheed, Lee, Kim, Teoh, MacIntyre, Bennett and Sykes. 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/fendo-13-983924-g009.jpg
Vaginal epithelial cells

A p-JNK B p-p38 c p-ERK
54kDa
46kDa
£ 2% *k ek £ .is6 *x ok - *k
g 1 1 §™)— g [
LY & 2
2 = 3 20
H 2 100 74
3 s 2 B s
Q o > S
5 5 s
o 10 ° @ 1.0
3 2 50 -
g § §
5 " 5 508
T T ]
S o S o 2 0o
3 & g v & & v & v g v
EC A EC & A A
& & & & & & X & * N o &
RANIN SO& Y
N D D S
Amnion epithelial cells
D p-INK p-p38 F p-ERK
54kDa
46kDa
-actin
Hokk * c Kok NS
£ 18 Eeoq T f O
g 8 ?
@ oy S 4
; 1.0 g . L5 § =
H 2 — ¥ 1
5 5 40 s
& o6 ) 5°?
2 £ 2
5 520 R
z = 3
o 00 o 0 S 0
2 g 2
& Qofv Q@W Q@W R S8 Q&" & Qos”
& & K & K & o S &S & &
8 N N






OEBPS/Images/fendo-13-983924-g010.jpg
15dPGJ2

% of Cytotoxicity

a
s

N ow
s 8

Cc

NS

NS - 3 b A

foar 7] frnes s o
6 18
15dPGJ2
w8l 0,0 104
18 24

D

3

% of Cytotoxicity
3 a

o





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        15-Deoxy-Delta-12,14-prostaglandin J2 modulates pro-labour and pro-inflammatory responses in human myocytes, vaginal and amnion epithelial cells

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Ethics statement

          



          		

            2.2 Cell culture and treatments

          

            		

              2.2.1 Myometrial cells

            



            		

              2.2.2 Vaginal epithelial cells

            



            		

              2.2.3 Amnion epithelial cells

            



          



          



          		

            2.3 Cell treatment

          



          		

            2.4 Protein extraction, Sodium Dodecyl sulfate polyacrylamide gel electrophoresis (SDS- PAGE) and Western immunoblotting

          



          		

            2.5 Cytokine mRNA quantification by quantitative RT-qPCR

          



          		

            2.6 PGE2 quantification

          



          		

            2.7 Myometrial contractility

          



          		

            2.8 Cell integrity and viability

          



          		

            2.9 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Effects of 15dPG2 on myocytes

          

            		

              3.1.1 15dPGJ2 inhibits IL-1β-induced transcription factor NF-κB and AP-1 in myocytes

            



            		

              3.1.2 15dPGJ2 inhibits IL-1β-induced inflammatory mediators IL-6, IL-8, and TNF-α in myometrial cells

            



            		

              3.1.3 15dPGJ2 inhibits IL-1β-induced contraction associated genes and proteins in myometrial cells but does not affect contractility

            



            		

              3.1.4 15dPGJ2 is non-toxic to myometrial cells

            



          



          



          		

            3.2 Effects of 15dPG2 on vaginal and amnion epithelial cells

          

            		

              3.2.1 15dPGJ2 has differential effects on IL-1β-induced NF-κB and AP-1 in vaginal and amnion epithelial cells

            



            		

              3.2.2 15dPGJ2 has differential effects on inflammatory cytokine production in vaginal and amnion epithelial cells

            



            		

              3.2.3 15dPGJ2 inhibits IL-1β-induced COX-2 in amnion and vaginal epithelial cells but does not inhibit PGE2

            



            		

              3.2.4 15dPGJ2 increased p-JNK and p-p38, but not p-ERK

            



            		

              3.2.5 15dPGJ2 reduced cell viability in vaginal and amnion epithelial cells ​

            



          



          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo-13-983924-g007.jpg
Relative gene expression Relative gene expression

Relative gene expression

Vaginal epithelial cells

IL-6 mRNA

4 8
Time points

TNF-o. mRNA

Time points

Amnion epithelial cells

D

Relative gene expression
g P! Relative gene expression

Relative gene expression

IL-6 mRNA
250
-~ Non-stim
200 -m- 15dPGJ2
150 - IL-1B
100 - IL-1B 15dPGJ2
50

°

Time points
TNF-o. mMRNA
200
150
100
50

Time points





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-13-983924-g001.jpg
p-c-Jun

p-p65

B-actin

p-actin

© < ~ o

upoe-g junp-2-d jo abueyd pjo4

© ©o - ~N o
unoe-q /ggd-d jo abueys pjo4





OEBPS/Images/table2.jpg
COX-2
cPLA2-00
IL-6

IL-8
TNF-o

B-actin

Forward 5°

TGTGCAACACTTGAGTGGCT
TGCATTCTGCACGTGATGTG
CCTTCCAAAGATGGCTGAAA
GCCTTCCTGATTTCTGCAGC
TCCTTCAGACACCCTCAACC
AGGCATCCTCACCCTGAAGTA

Anti-sense 5°

ACTTTCTGTACTGCGGGTGG
CACCATGGCTCGGAAACC
AGCTCTGGCTTGTTCCTCAC
CGCAGTGTGGTCCACTCTCA
CAGGGATCAAAGCTGTAGGC
CACACGCAGCTCATTGTAGA

Size (bp)

77
68
153
151
208
105





OEBPS/Images/fendo-13-983924-g003.jpg
*k
SV
&
&
0
K

s o
o \V\
€
X1
= <
o )
o %,
e,
o o o o o o Q\
& & 2 ¢ *~
m VNYW unoe-g z-X09 jo abueyo pjog4
2]
15}
o
E 8 3
20 -
e 5 & =
2 e 4 4
¢ m {0
<
Z
4
E g
(W] ‘S
< Qo
o @
© £
N =
<
-
o
[$]

< VYNYW unose-d mo-zyid2 jo abueyd pjo4

PGE2 protein
2000

3000
1000

B-actin

SR coxa

e <

upoe-¢ /z-X09 Jo abueyo pjo4





OEBPS/Images/fendo-13-983924-g005.jpg
LDH (um/ml)

Z 10050
-2
Non-stim

.
8
8

-e- NS (Non-stim)
I 15dPGJ2

1000

0

15dPGJ2

1000 106\

Time points (hour)





OEBPS/Images/fendo.2022.983924_cover.jpg
’ frontiers | Frontiers in Endocrinology

15-Deoxy-Delta-12,14-
prostaglandin J2 modulates
pro-labour and pro-inflammatory
responses in human myocytes,
vaginal and amnion
epithelial cells





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-13-983924-g011.jpg
M
@\/\/\/\/
’ cell deatr1

M
o OH

XX

° 15dPGJ2 154PE.I2

=~





OEBPS/Images/fendo-13-983924-g002.jpg
IL-1B 15dPGJ2

£
=
4 «
6§ 3 T
Z - =
b ofon
kvw
<
2
& £
o
Q.
% g
P-3
¥ AH
o
&
o © o o o
e R ©o© o o
e o o o
e R © o o
o w o @ wu
&« & 2

m  vNyw ugoe-d /g- jo abueys pjog4

<

p3
‘.v )
[ I -
) [2]
- e E e E
o
. ‘ g 3
(] (]
u &.m s E
£ £
\ mH_” =
o
o
3
&
(=3 o (=3 o
g g S & z ) .t
©w < o~ o o o
© < ~N

VNYw unoe-g /9-7) jo abueyd pjo4
O VYNyw unoe g/ o-4N1 jo abueys pjo4





OEBPS/Images/fendo-13-983924-g008.jpg
Fold change of COX-2/ -actin

PGE2 pg/ml

Vaginal epithelial cells

25 I_I*

2.0
1.5
1.0
0.5

0.0

®
=
(=

o
=
o

400

N
=
=1

PGE2 pg/ml

Amnion epithelial cells

c
5 5 *** *
e
=4
a9
3
g 3
-
S 2
(=]
<
©
=
©
1] | I i
2
v v v
& QG} QQ} er
kS kS kS
<« N B 3
& N
A4 v
PGE2
*
5000 l_l
4000
3000
2000
1000
0
$ v v
o & IN] o
Vv 33 W 2§
& & Q
Pa N
& R





OEBPS/Images/fendo-13-983924-g006.jpg
thelial cells

ion epi

Amn

Vaginal epithelial cells

B-actin

p-actin

ek
0
p-c-Jun

*kk

=] o o o o
< ® ~ -

unoe-¢ /god-d jo abueys pjo4

p-c-Jun

dekk
L
&

dkk
v
&

0 o 0 =] o o
N « - -

unoe-¢ /god-d jo abueys pjo4 o

B-actin

B-actin

<
)
* %,
* 04
%.
bz
A
)
%,
3
%.
”
&
9
%,
%
%,
0,
© - o~ (=] A\

unoe-¢ junp-2-d jo abueyd pjo4

0,0
%,
* 3
&,
”
.
7
N
)
%
o ’4
%
£y
QO
o o o o o e
3 © o~ -

unoe-¢ yunp-2-d Jo abueyd pjo4





OEBPS/Images/table1.jpg
Primary antibody

COX-2 1:2000 o/n 4°C
P-p65 (Ser536) 1:1000 o/n t 4°C
P-c-Jun (Ser73) 1:2000 o/n 4°C
P-JNK1/JNK2 (Thr183/Tyr182) 1:1000 o/n 4°C
P-p38 (Thr180/Tyr182) 1:1000 o/n 4°C
P-ERK (Thr202/Tyr204) 1:1000 o/n 4°C
B-actin 1:160,000
30 mins RT

Catalogue number

Sc-1745 (Santa Cruz)
3031
9164
9252
9211
9101
AB6276 (ABCAM)

Secondary antibody

Anti-goat 1:2000 1hr RT
Anti-rabbit 1:2000 1hr RT
Anti-rabbit 1:2000 1hr RT
Anti-rabbit 1:2000 1hr RT
Anti-rabbit 1:2000 1hr RT
Anti-rabbit 1:2000 1hr RT

Anti-mousel:8000 15mins RT

Catalogue number

$C-2020 (Santa Cruz)
7074
7074
7074
7074
7074
SC-2005

COX-2: cyclooxygenase-2; P-p65, phosphorylated p65; P-c-Jun, phosphorylated c-Jun; P-JNK, phosphorylated JNK; P-p38, phosphorylated p38; P-ERK, phosphorylated ERK; o/n,

overnight; RT, room temperature.





OEBPS/Images/fendo-13-983924-g004.jpg
8! Mgiﬂ AML 15dPGJ2

B Total area under the curve

200
S
° 150
o2
L
< 100
]
= 50
=
L o
0110 20 50 100
UM
D
Average peak amplitude
150
€
o
2 100
&
>
a
£ 50
@
e
©
o
.
0
0110 20 50 100

(]

Average AUC / Vehicle (%)

Rate / Vehicle (%)

Vehicle

Average area under the curve

140
120

100

0
01 10 20

UM

50

100

Average rate of contractility

150

100

50

0
0110 20

50

100





