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ARTICLE INFO ABSTRACT
Keywords: Bacterial contamination often impairs uterine function in cattle leading to uterine diseases such
Prostaglandin E; as endometritis. Inflammatory responses to bacterial infections in the uterus of cattle are gen-
Bovine endometrial epithelial cells erated through pattern recognition receptors, including Toll-like receptor 2 (TLR2), which is

Toll-like receptor 2

responsible for Pam3CSK4 recognition. This cellular response induces inflammatory responses
Inflammatory response

through stimulation of mitogen-activated protein kinases (MAPKs) and nuclear factor (NF)-xB
signaling activation, stimulating the expression of inflammatory mediators. Prostaglandin (PG)
E, has important actions in bacterial endometritis, although details through which these me-
chanisms regulate Pam3CSK4-induced inflammatory responses in cattle endometrial epithelial
cells (bEECs) remain unclear. In the present study there was examination of the actions of exo-
genous PGE, in Pam3CSK4-induced inflammatory responses. The bEECs pre-treated with exo-
genous PGE, prior to Pam3CSK4 treatment had an augmented Pam3CSK4-stimulated phos-
phorylation of protein kinase A (PKA), extracellular signal-regulated kinase (ERK), and IkB-o;
stimulation of TLR2, cyclooxygenase-2, and interleukin-6 functions; and suppression of the ac-
tivation of PGE, receptor 4. Thus, Pam3CSK4-induced inflammatory responses through TLR2
signaling in bEECs were enhanced by exogenous PGE, pre-treatment.

1. Introduction

Bacterial contamination often impairs uterine function in cattle, causing uterine diseases such as endometritis (Sheldon and
Dobson, 2004). The endometrial epithelium has an important function in the initial immune response against bacterial invasion
through recognition by Toll-like receptors (TLRs) (Davies et al., 2008). The TLRs are type I transmembrane glycoproteins consisting
of an extracellular leucine-rich repeat domain, a transmembrane domain, and an intracellular Toll-interleukin-1 (IL-1) receptor
domain (Akira et al., 2006; O’Neill and Bowie, 2007). Endometrial epithelia of cattle is able to detect and respond to bacterial
lipopeptides with TLR2, -1, and -6 activation (Cronin et al., 2012; Turner et al., 2014). Triacylated lipopeptides are commonly found
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in gram-negative bacteria and bind TLR2, which heterodimerizes with TLR1 in mice. Diacylated lipopeptides are found in gram-
positive bacteria or Mycoplasma and bind TLR2/TLR6 heterodimers (Takeuchi et al., 2001; Jin et al., 2007). The Pam3CSK4 is a
commercially available synthetic structural analog of the Braun lipoprotein and a TLR2 agonist (Neilsen et al., 2001). For TLR2
responses, there is a MyD88-dependent signaling pathway activated that is associated with TLR1 or TLR6 to recognize the target
ligands and initiate signaling, which induces inflammatory responses via MAPKs and NF-«B signaling. Activation of NF-kB and MAPK
in the nucleus initiates the transcription of inflammatory cytokine genes such as IL-6 and IL-8 (Pietrocola et al., 2011).

Endometritis in cattle is a mucosal disease characterized by sustained neutrophil infiltration and increased IL-6 and IL-8 con-
centrations following postpartum gram-negative bacterial infection (Cronin et al., 2016). Gene transcripts for IL-6 and IL-8 are more
abundant in the endometrium of cattle with a uterine disease than in animals that do not have this disease (Herath et al., 2009;
Wathes et al., 2009). The IL-8 secretion products attract neutrophils from the peripheral circulation, whereas IL-6 has multiple
functions including activation of neutrophils and stimulation of the acute-phase response (Bell et al., 2004).

Prostaglandins (PGs) are lipid mediators not stored by cells, but synthesized from arachidonic acid as a result of actions of
cyclooxygenase (COX) enzymes, either constitutively or in response to cell specific trauma, stimuli, or signaling molecules
(Berenbaum, 2000; Funk, 2001). The COX-2 protein is a key enzyme in the production of prostaglandin F5, (PGF,,) and pros-
taglandin E, (PGE,) (Fortier et al., 2008). When basal conditions prevail, PGF,,, the principal prostaglandin produced by epithelial
cells, is produced through stimulation of transcription occurring as a result of the constitutively expressed COX-1 gene (Parent et al.,
2003). The PGE, molecule functions as an endogenous hormone essential for normal physiological functions of various organs in the
female reproductive, gastrointestinal, and cardiovascular systems; however, when pathological conditions are prevalent, PGE, also
functions as an inflammatory mediator or, in some cases, an anti-inflammatory mediator (Takayama et al., 2002; Wanggren et al.,
2006; Diaz-Munoz et al., 2012). The most abundant eicosanoid lipid in the inflammatory environment is PGE,, and results of studies
indicate this hormone signals through cyclic adenylyl monophosphate (cAMP)/PKA to suppress inflammation, although the specific
mechanism is unclear (Xu et al., 2008; Wall et al., 2009). There is an important function of PGE, in the immune response as well as in
endocrine function through actions on the E prostanoid (EP)-2 and EP4 receptors to control inflammation (Harizi and Gualde, 2006;
Okano et al., 2006).

Taking into consideration these previous findings, the present study was conducted to determine whether exogenous PGE, is
associated with Pam3CSK4-induced inflammatory responses in endometrial epithelial cells (bEECs) of cattle.

2. Materials and methods
2.1. Ethics statement

All animal studies were conducted in accordance with the experimental practices and standards approved by the animal welfare
and research ethics committee of Inner Mongolia Agricultural University (Approval ID: 20160829-1), and all efforts were made to
minimize animal suffering.

2.2. Culture of bEECs

Fresh specimens from healthy Holstein cattle (approximately 6 years old and not pregnant) were obtained from a local slaugh-
terhouse. Primary bEECs were isolated from the uterine horn using enzymatic digestion and mechanical separation. The fresh uterine
tissues were washed three times with phosphate-buffered saline (PBS) with 100 IU/mL penicillin and streptomycin (Gibco, Grand
Island, NY, USA).Initially, each uterine horn (< 2 cm in length) was surgically isolated. To expose the endometrial tissue, the uterine
horn was cut longitudinally and washed three times with Dulbecco’s PBS supplemented with 100 IU/mL penicillin and streptomycin.
The endometrial tissue was subsequently digested in 1% protease from Streptomyces griseus (Sigma Aldrich, St. Louis, MO, USA)
overnight at 4 °C. For bEEC collection, the endometrial tissue was gently scraped, and the resulting cell slurry was washed three times
with PBS supplemented with 100 [U/mL penicillin and streptomycin and centrifuged (300 x g for 5min at 4 °C). The cells were
seeded into cell culture flasks containing Dulbecco’s modified Eagle’s medium/F12 medium (Gibco) supplemented with 15% fetal
bovine serum (ExCell Biolog, Shanghai, China) and 100 IU/mL penicillin and streptomycin and incubated at 37 °C with 5% CO,. The
culture medium was replaced every 48 h until cells reached confluence. The cells were then digested with trypsin (0.25%) supple-
mented with 0.1% ethylenediaminetetraacetic acid-2Na. Subsequently, the pure bEECs were isolated after three passages for further
analysis. After three passages, the cellular morphology of bEECs was stable, and cells plated at a density of 1 x 10° cells/ml in six-
well plates used for subsequent analyses, such as real-time polymerase chain reaction (PCR) analysis, western blotting, and enzyme-
linked immunosorbent assays (ELISAs) (Gao et al., 2017).

2.3. Total RNA isolation and real-time PCR analysis

Total RNA was isolated from bEECs at 4, 8, and 12 h after pre-treatment with PGE, and/or PGF,, (CAYMAN, Ann Arbor, ML, USA)
and Pam3CSK4 (InvivoGen, San Diego, CA, USA) alone or in combination with TRIzol (AxyGen, Union City, CA, USA). Total RNA was
treated with DNase I and reverse transcribed using a Revert Aid first-strand cDNA synthesis kit (Thermo Scientific, Schaumburg, IL,
USA). Total cDNA was used as starting material for real-time PCR with FastStart Universal SYBR Green Master (Roche, Mannheim,
Germany) on an iQ5 multicolor real-time PCR detection system (Bio-Rad, Hercules, CA, USA). The primers used for real-time reverse
transcription (RT)-PCR are presented in Table 1. The glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene was used as the
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Table 1
Primers used for GAPDH, TLR2, COX-2, IL-8, IL-6, EP4 gene amplification, sequencing, and Accession No.
Gene symbol Accession No. Primer sequence
GAPDH NM_001034034.2 Forward: 5’-CCTGCCAAGTATGATGAGAT-3’
TLR2 AC_000174.1 Reverse: 5-AGTGTCGCTGTTGAAGTC-3’
COX-2 NM_174445.2 Forward: 5’-CGATGACTACCGCTGTGACTC-3’
IL-8 NM_173925.2 Reverse: 5-CCTTCCTGGGCTTCCTCTT-3’
IL-6 NM_173923.2 Forward: 5-GGTGCCTGGTCTGATGATGT-3’
EP4 NM_174589.2 Reverse: 5-GATTAGCCTGCTTGTCTGGAAC-3’

Forward: 5-ACACATTCCACACCTTTCCA-3’
Reverse: 5-GGTTTAGGCAGACCTCGTTT-3’
Forward: 5"-ATGCTTCCAATCTGGGTTC-3’

Reverse: 5-TGAGGATAATCTTTGCGTTC-3’
Forward: 5-TCCCAGTGAAACGCTGAAC-3’
Reverse: 5-CTCGTCTGTCTGCAAAGTGC-3"

internal control. The results were expressed as 2744Ct (where AACt = ACt — ACt conero; and ACt = Ct target — Ct GAPDH)-

2.4. Western blot analysis

The bEECs were treated with M-PER mammalian protein extraction reagent (Thermo Scientific) for total protein extraction at the
indicated time points (15 min, 30 min, 60 min, and 18 h post-treatment). The concentrations of the protein samples were determined
using a BCA assay kit (Thermo Scientific). For western blotting analysis, 10 ug total protein per lane was resolved by sodium dodecyl
sulfate polyacrylamide gel electrophoresis on 12% and 15% gels and blotted onto polyvinylidene difluoride membranes. Rabbit anti-
phospho-extracellular signal-regulated kinase (ERK), anti-ERK, anti-phospho-c-Jun N-terminal kinase (JNK), anti-JNK, anti-phospho-
P38, anti-p38, anti-phospho-PKA, and anti-phospho-IkB-a monoclonal antibodies; mouse anti-IkB-a monoclonal antibodies (1:1000;
Cell Signaling Technology, Beverly, MA, USA); rabbit anti-TLR2 polyclonal antibodies (1:250; Novus, CO, USA); mouse anti-IL-8
monoclonal antibodies (1:1000); rabbit anti-GAPDH monoclonal antibodies (1:10,000); rabbit anti-EP4 polyclonal antibodies
(1:1000; Abcam, Cambridge, UK), and goat anti-COX-2 polyclonal antibodies (Acris, Germany) were used for protein detection.
Proteins were visualized using secondary horseradish peroxidase-COnjugated goat anti-rabbit and goat anti-mouse antibodies
(1:10,000; Cell Signaling Technology), donkey anti-goat antibodies (1:10,000; Abcam), and Pierce SuperSignal West Femto chemi-
luminescent substrate (Thermo Fisher Scientific, IL, USA). Protein signal intensity was measured by densitometry analysis using
ImageJ software (National Institutes of Health).

2.5. ELISA

The bEECs were pre-treated with PGE, (10~7 M) and PGF», (107 M) alone or in combination for 24 h. The concentrations of IL-6
in the supernatant secretions from cells with or without Pam3CSK4 (100 ng/mL) treatment at 24 h were measured using ELISA kits
for IL-6 (Thermo Scientific) according to the manufacturer’s instructions.

2.6. Data analyses

All data were analyzed using GraphPad Prism 6 (GraphPad InStat Software, San Diego, CA, USA) and expressed as the mean
+ standard deviation (SD). Statistical significance was analyzed using the Student’s t tests or one-way analysis of variance (ANOVA)
followed by post-test analysis (Tukey’s multiple comparison tests for control comparisons) when applicable. Differences with P values
of 0.05 or less were considered statistically significant.

3. Results
3.1. Effects of PGE, and PGF, on relative abundance of TLR2 in Pam3CSK4-stimulated bEECs

The bEECs were pre-treated with PGE, (107 M) and PGF», (107 M) alone or in combination for 24 h. The relative abundance of
TLR2 mRNA (4 h) and abundance of TLR2 protein (18 h) in cells with or without Pam3CSK4 (100 ng/mL) treatment at the indicated
time points were determined using real-time RT-PCR and western blotting, respectively. As depicted in Fig. 1, cells pre-treated with
PGE, had a greater relative abundance of TLR2 mRNA (P < 0.01) and abundance of protein (P < 0.05) compared with those in
control cells. These results indicated that relative abundance of TLR2 mRNA and abundance of protein was greater in Pam3CSK4-
stimulated cells compared with those in the control group (P < 0.001). In addition, relative abundance of mRNA with Pam3CSK4-
induction of TLR2 was enhanced by treatment with PGE, and when combined with the PGF,, treatment (P < 0.001). The PGF5,
pre-treatment alone had no effect on relative abundance of Pam3CSK4-induced TLR2 mRNA in bEECs.
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Fig. 1. Effects of PGE, and PGF,, on TLR2 relative abundance of Pam3CSK4-stimulated bEECs. Relative abundance of TLR2 mRNA and abundance
of TLR2 protein were analyzed in Pam3CSK4-induced bEECs pre-treated with PGE, (10~ 7 M) or PGF,, (107 M) for 24 h; mRNA was extracted after
treatment with Pam3CSK4 (100 ng/mL) for 4 h, whereas total proteins were extracted after Pam3CSK4 treatment for 18 h; Western blot and real-
time RT-PCR analyses were used to determine abundance of protein and relative abundance of TLR2, respectively, are depicted. Target/GAPDH
abundance are indicated in gray; Results are expressed as means + SDs (n = 3); *P < 0.05, **P < 0.01, ***P < 0.001 relative to that of the
control (Con).

3.2. Effects of PGE, and PGF,, on Pam3CSK4-induced MAPKs and NF-kB signaling pathway activation in bEECs

The bEECs were pre-treated with PGE, (107 M) and PGF,, (107 M) alone or in combination for 24 h. Phosphorylation of ERK,
JNK, p38, and IkB-a after Pam3CSK4 (100 ng/mL) treatment was analyzed at the indicated time points (15, 30, and 60 min post-
treatment) by western blotting (Fig. 2A). As depicted in Fig. 2B-E, PGE, and PGF,, pre-treatment alone or in combination had no
effect on the activation of MAPK and NF-kB signaling compared with that in the control cells. The Pam3CSK4-stimulated groups had
greater ERK, JNK, p38, and IkB-a phosphorylation (Fig. 2B-E). In addition, cells pre-treated with PGE, had a greater Pam3CSK4-
induced ERK (P < 0.01, Fig. 2B) and IkB-a (P < 0.001, Fig. 2E) phosphorylation at 15 min post-treatment, but there was no effect
on Pam3CSK4-induced phosphorylation of JNK and p38 at 30 min post-treatment (Fig. 2C, D). Furthermore, cells pre-treated with
PGE, combined with PGF,, had greater Pam3CSK4-induced ERK phosphorylation (P < 0.001, Fig. 2B) at 15 min post-treatment,
but there was no effect on Pam3CSK4-induced p38 and JNK phosphorylation at 30 min post-treatment and this resulted in a decrease
in Pam3CSK4-induced IkB-a phosphorylation at 15 min post-treatment (P < 0.05, Fig. 2E).

3.3. Effects of PGE, and PGF,, on cAMP/PKA signaling pathway activation in Pam3CSK4-stimulated bEECs

The bEECs were pre-treated with PGE; (107 M) and PGF,, (10~ 7 M) alone or in combination for 24 h. Phosphorylation of
cAMP/PKA after Pam3CSK4 (100 ng/mL) treatment was subsequently quantified at the indicated time points (15, 30, and 60 min
post-treatment) by western blotting. Results indicated that PKA phosphorylation was greater in the Pam3CSK4-stimulated groups
(Fig. 3). In addition, cells pre-treated with PGE, alone or in combination with PGF,, had an increased PKA phosphorylation after
Pam3CSK4 treatment compared with that in cells stimulated with Pam3CSK4 alone. The results of ERK phosphorylation were similar
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Fig. 2. Effects of treatments with PGE, and PGF,, on Pam3CSK4-induced MAPKs and NF-kB signaling pathway activation in bEECs; bEECs were pre-
treated with PGE, (10~7 M) and/or PGF,, (107 M) for 24 h and then treated with 100 ng/mL Pam3CSK4 for 15, 30, and 60 min; Protein samples
were analyzed by western blotting with specific antibodies, and the abundance of phosphorylated proteins were determined based on the abundance
of phosphorylated protein relative to abundance of GAPDH; Results are expressed as the means + SDs of three independent experiments; *P <
0.05, **P < 0.01, ***P < 0.001 compared with the control (Con).
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Fig. 3. Effects of PGE, and PGF,, on cAMP/PKA signaling pathway activation in Pam3CSK4-stimulated bEECs. bEECs were pre-treated with PGE,

(107 M) and/or PGF,, (107 M) for 24 h; Cells were then treated with 100 ng/mL Pam3CSK4 for 15, 30, and 60 min; Protein samples were
analyzed by western blotting using specific antibodies.

to those of PKA phosphorylation.
3.4. Effects of PGE, and PGF, on relative abundance of COX-2 in Pam3CSK4-stimulated bEECs

The bEECs were pre-treated with PGE, (10 ~7 M) and PGF,, (107 M) alone or in combination for 24 h. The relative abundance of
COX-2 mRNA (12 h) and abundance of protein (18 h) in cells with or without Pam3CSK4 (100 ng/mL) treatment were then measured
at the indicated time points using real-time RT-PCR and western blotting, respectively. Results indicated that cells pre-treated with
PGE, had greater relative abundances of COX-2 mRNA and abundance of protein compared with those in control cells (P < 0.01,
Fig. 4).Furthermore, relative abundance of COX-2 mRNA and abundance of protein were greater in Pam3CSK4-stimulated cells after
PGE, pre-treatment (P < 0.05, Fig. 4). Cells pre-treated with PGE, combined with PGF,, had a greater relative abundance of COX-2
mRNA and abundance of protein after Pam3CSK4 treatment compared with those in cells stimulated with Pam3CSK4 alone (P <
0.001, Fig. 4), and PGF,, pre-treatment alone had no effect on Pam3CSK4-induced COX-2 relative abundance in bEECs.

3.5. Effects of PGE, and PGF,, on the secretion of inflammatory mediators in Pam3CSK4-stimulated bEECs

The bEECs were pre-treated with PGE, (10~7 M) and PGF,, (107 M) alone or in combination for 24 h. The relative abundance of
IL-8 mRNA (12 h) and abundance of protein (18 h) and relative abundance of IL-6 mRNA (12 h) in cells and IL-6 secretion (24 h) into
the culture medium with or without Pam3CSK4 (100 ng/mL) treatment were then measured at the indicated time points using real-
time RT-PCR, western blotting, and ELISA. The results indicated that cells pre-treated with PGE, had a greater relative abundance of
in IL-8 mRNA and abundance of protein compared with those in the control group (P < 0.001, Fig. 5A). In addition, cells pre-treated

g COX-212h - 5 .COx218h

Z 104 N z

8 T [=) |

>c§ 8 - 30.8

5 o 4 COX-2 T w

3 “1 [ Seel M

g 4 -

H GAPDH  [W W o e o | 0| -

N mBidl

5 o- Pam3CSKé¢ — — — — + + + + R S

£« PGE, — + — + — + — + & & S g
PGF, — — + 4+ — — + +

Fig. 4. Effects of PGE, and PGF, on relative abundance of COX-2 mRNA in Pam3CSK4-stimulated bEECs; Relative abundance of COX-2 mRNA was
examined by western blotting and real-time PCR in Pam3CSK4-induced bEECs after PGE, (10~7 M) and/or PGF,q (10~7 M) pre-treatment for 24 h
and treatment with 100 ng/mL Pam3CSK4 for 12 or 18 h (for mRNA and protein, respectively); Target/GAPDH protein relative abundances are
indicated in gray; Results are expressed as means = SDs (n = 3); *P < 0.05, **P < 0.01, ***P < 0.001 relative to the control (Con).
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Fig. 5. Effects of PGE, and PGF,, on the secretion of inflammatory mediators in Pam3CSK4-stimulated bEECs; Secretion of IL-8 (Panel A) and IL-6
(Panel B) in bEECs after PGE, (10”7 M) and/or PGF,, (10~7 M) pre-treatment for 24 h; mRNA was extracted after treatment with 100 ng/mL
Pam3CSK4 for 12 h whereas protein was extracted after treatment with 100 ng/mL Pam3CSK4 for 18 (IL-8) or 24 h (IL-6); Results are expressed as
the means = SDs (n = 3); *P < 0.05, **P < 0.01, ***P < 0.001 compared with the control (Con).

with PGE, and PGF,, alone or in combination had a greater relative abundance of IL-8 mRNA and there was no difference in
abundance of IL-8 protein after Pam3CSK4 treatment compared with that in cells treated with Pam3CSK4 alone (P < 0.001,
Fig. 5A). As depicted in Fig. 5B, PGE, and PGF,, pre-treatment had no effect on relative abundance of IL-6 mRNA and abundance of
protein in bEECs without Pam3CSK4 treatment. The relative abundance of Pam3CSK4-induced IL-6 mRNA and abundance of IL-6
protein were greater in the PGE, or combined PGE, and PGF,,, treatment groups (P < 0.001). The PGF,, pre-treatment alone had no
effect on Pam3CSK4-induced relative abundance of IL-6 in bEECs.

3.6. Effects of PGE, and PGF, on relative abundance of EP4 in Pam3CSK4-stimulated bEECs

The bEECs were pre-treated with PGE, (10~7 M) and PGF»,, (107 M) alone or in combination for 24 h. The relative abundance of
EP4 mRNA (4 h) and abundance of protein (18 h) were then quantified in cells with or without Pam3CSK4 (100 ng/mL) treatment at
the indicated time points using real-time RT-PCR and western blotting, respectively. The results indicated that PGE, and PGF», pre-
treatment alone or in combination had no effect on the relative abundance of EP4 mRNA and abundance of protein compared with
the control treatment (Fig. 6). The relative abundance of EP4 mRNA and abundance of protein was greater in Pam3CSK4-stimulated
groups compared with those in the control group (P < 0.001, Fig. 6). In addition, relative abundance of EP4 after Pam3CSK4-
treatment was less in PGE, and with the combination treatment with PGE, and PGF5, (P < 0.05). The PGF,, pre-treatment alone
had no effect on relative abundance of EP4 after Pam3CSK4 treatment of bEECs.

4. Discussion
The innate immune responses to pathogens are very important for the removal of bacteria, the regulation of inflammation, and
the maintenance of endometrial health (Hirata et al., 2005; Herath et al., 2006). Epithelial and stromal cells have a generalized

function in innate immunity to initiate inflammatory responses against a wide range of bacteria that infect the endometrium by
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Fig. 6. Effects of PGE, and PGF,, on relative abundance of EP4 in Pam3CSK4-stimulated bEECs; Relative of abundance of EP4 in Pam3CSK4-treated
bEECs after PGE, (107 M) and/or PGF,, (107 M) pre-treatment for 24 h was determined; mRNA was extracted after treatment with 100 ng/mL
Pam3CSK4 for 4 h, and total proteins were extracted after treatment with 100 ng/mL Pam3CSK4 for 18 h; Relative abundance of EP4 mRNA was
assessed by western blotting and real-time RT-PCR; Results are expressed as the means = SDs (n = 3);. *P < 0.05, **P < 0.01, ***P < 0.001
compared with the control (Con).

sensing bacterial lipopeptides as a result of TLR2 in concert with TLR1 and TLR6 (Turner et al., 2014). Bacterial lipopeptides are
important for innate immunity because of production by all bacteria, and thus TLR2 has generalized functions in detecting bacteria,
usually involving monocytic immune cells (Aliprantis et al., 1999). The Pam3CSK4 is a commercially available synthetic triacylated
lipopeptide and specific agonist of the TLR2/1 heterodimer complex (Neilsen et al., 2001; Stivers et al., 2017). The most abundant
prostanoid in the mammalian body is PGE,, which is synthesized in large amounts in response to cell specific trauma, stimuli,
pathogen infection, or signaling molecules (Serhan and Levy, 2003; Park et al., 2006). In addition, PGE, can exert homeostatic,
inflammatory, or anti-inflammatory effects (Davies et al., 1984; Sugimoto et al., 2000; Takayama et al., 2002). Inhibition of PGE,
synthesis is considered an important anti-inflammatory reaction (Vane and Botting, 2003). In this study, Pam3CSK4-induced TLR2
gene expression was enhanced by exogenous PGE, pre-treatment, thereby implying that PGE, may have pro-inflammatory functions.

The TLR2 signaling has been thought to occur through MyD88 resulting in the activation of NF-kB and MAPKs and induction of
pro-inflammatory cytokines (Akira et al., 2006). In the present study, the concentrations of phosphorylated ERK and IkB-a were
increased by PGE, pre-treatment in bEECs following Pam3CSK4 treatment. According to previous studies, cAMP/PKA can activate
ERK signaling through additional mechanisms, and PGE, has an important function in the modulation of immune cell processes
through cAMP/PKA signaling. The primary intracellular second messenger of PGE, signaling is cAMP (Stork and Schmitt, 2002; Su
et al., 2008). Thus, the effects of exogenous PGE, on PKA phosphorylation were assessed in Pam3CSK4-treated bEECs. The results
indicated that phosphorylation of cAMP/PKA after Pam3CSK4 treatment at the indicated time points was enhanced by treatment
with PGE,. These results suggest that there is signaling between cAMP and MAPK pathways after Pam3CSK4 treatment of bEECs and
this signaling was enhanced by PGE,, resulting in increased ERK phosphorylation.

The primary product of COX-1 and COX-2 actions is PGE,. The COX-1 gene is constitutively expressed, whereas the COX-2 gene is
induced by various immune stimuli such as cytokines and various pathogen-associated molecular patterns (Dannenberg and
Subbaramaiah, 2003; Rodriguez et al., 2014). Furthermore, COX-2 gene expression is enhanced in endometrial tissues of cattle during
bacterial endometritis, implying that PGE, may contribute to this particular infection (Peter et al., 2015). It appears as though COX-2
is the primary COX controlling PGE, synthesis in response to inflammation (Park et al., 2006). In the present study, PGE, production
increased with an increase in COX-2 gene expression in bEECs treated with or not treated with Pam3CSK4, supporting the line of
thought that that exogenous PGE, could be involved in regulating the Pam3CSK4-induced inflammatory responses in bEECs.

The NF-kB and MAPK pathways regulate pro-inflammatory mediators (Ha et al., 2010; Lee et al., 2011). Once NF-kB is activated,
subunit p65 dissociates from the inhibitory protein IkB-a and translocates from the cytoplasm to the nucleus, where it induces the
transcription of specific target genes such as TNF-a, IL-1f3, and IL-6 (Akira et al., 2006; Hennessy et al., 2010). Endometritis in cattle
is characterized by greater IL-6 and IL-8 gene expression following postpartum gram-negative bacterial infection (Cronin et al.,
2016). In cattle endometrial cultures, there is secretion of IL-1f3, IL-6, and IL-8 in response to Escherichia coli and Trueperella pyogenes
(Borges et al., 2012). An especially potent chemoattractant is IL-8 for neutrophils in the uterus (Zerbe et al., 2003). In cattle en-
dometrium explants, IL-8 production increases in vitro in response to both gram-positive and gram-negative bacteria (Borges et al.,
2012). The findings of the present study indicate that there was increased production of IL-8 as a result of PGE, pre-treatment in
Pam3CSK4-unstimulated bEECs. In addition, after Pam3CSK4 treatment there was a greater relative abundance of IL-8 mRNA in
bEECs and the abundance was greater after PGE, and PGF,,, pre-treatment alone or in combination, whereas PGE, and PGF,, had no
effect on abundance of IL-8 protein. A primary function of IL-8 is to stimulate angiogenic potential when it is secreted by the
endothelium during menstruation than when it is secreted by the secretory endometrium in vivo, thereby suggesting that increased
amounts of IL-8 coincide with endometrial repair (Maybin et al., 2011). Results of previous studies indicate that IL-8 secretion is
induced by the activation of PGE,/EP2 and PGF,,/PGF,, receptor (FP) signaling and is involved in endometrial growth during
estrous cycles and peri-implantation (Zhang et al., 2017a, b), consistent with the results of the present study. Furthermore, results of
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the present study also indicate that in bEECs, PGE2 and PGF2a pre-treatment did not regulate the Pam3CSK4-induced expression of
the IL-8 gene.

The primary cells that produce IL-6 are macrophages and monocytes (Bell et al., 2004) and IL-6 functions as an activator of acute-
phase responses and as a lymphocyte stimulatory factor. Greater expression of the IL-6 gene occurs in bEECs stimulated with E. coli
(Chapwanya et al., 2013). The IL-6 protein is promptly and transiently produced in response to infections and tissue injuries con-
tributes to host defense through the induction of acute phase responses, hematopoiesis, and immune reactions (Tanaka et al., 2014).
Results of the present study indicate that Pam3CSK4-induced IL-6 gene expression in bEECs was enhanced by treatment with PGE,,
which is consistent with the results of IkB-a phosphorylation, indicating that inflammatory responses in bEECs could be enhanced by
treatment with PGE, as a result of IL-6 secretion.

The effects of PGE, often occur as a result of activation of four G protein-coupled receptors (EP1-4) (Konya et al., 2013). Among
these receptors, EP2 and EP4 activate adenylate cyclase, induce intracellular cAMP production, and stimulate PKA signaling
(Alfranca et al., 2006). The expression of the EP2 gene in the endometrium of cattle is greatest during the estrus, while EP4 is
undetectable in the normal physiological state, which is consistent with the hypothesis that EP2 contributes to preventing necrosis
and that EP4 is important in responding to pathogen infections (Arosh et al., 2003; Nishimura et al., 2013). The EP4 receptor
activation contributes to the anti-inflammatory activity of PGE, in a range of disease relevant models (Birrell et al., 2015). Data from
the present study also indicate that Pam3CSK4-induced EP4 gene expression in bEECs decreased following PGE, pre-treatment,
indicating that PGE, may exert pro-inflammatory effects when there are Pam3CSK4-induced inflammatory responses in bEECs.

In conclusion, findings in the present study indicate that secretion of the pro-inflammatory cytokine IL-6 was enhanced in bEECs
after treatment with the TLR2 agonist Pam3CSK4 and exogenous PGE, at a dose of 10 ~7 M, which is consistent with the results where
there was IkB-a phosphorylation. In addition, Pam3CSK4-induced TLR2 gene expression was enhanced and EP4 gene expression was
suppressed after treatment with PGE,. Taken together, these findings indicated that PGE, enhances Pam3CSK4-induced inflammatory
responses through activation of the TLR2/NF-kB signaling pathway in bEECs. In the present study, however, there was not an
assessment of the specific functions of PGE, in the pathogenesis of bacterial endometritis. Furthermore, whether PGE, and its analogs
could be used for the prevention and treatment of bacterial endometritis in cattle remains unknown. Thus, further studies are needed
to address this potential use of PGE,.
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