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Abstract

The peroxisome proliferator-activated receptors (PPARs) are a family of nuclear transcription fac-
tors thought to act as receptors for polyunsaturated fatty acids and to reduce production of series 2
prostaglandins (PG). The objectives of the current study were to characterize PPAR expression and
the prostaglandin synthetic activity of cultured bovine endometrial cells in response to known PPAR
ligands, as well as to key stimulators and inhibitors of series 2 prostaglandin secretiorn BRAR
PPARB, but not PPAR, mRNAs are expressed in the BEND cell line regardless of treatment. Under
resting conditions, PPARMRNA levels increase in response to growth hormdhe @.05). In cells
stimulated with PdBu, growth hormone depresses RPAIRNA levels, regardless of whether cells
also are treated with IFNIn contrast, PPARMRNA levels are increased by exposure to PdBu, eicos-
apentanoic acid and IFiNand these effects are additive. PPAR mRNA levels are not predictive of
prostaglandin accumulation. Agonist activation of PBARPAR or PPARy augments PdBu-induced
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increases in prostaglandin H synthase-2 mRNA and media accumulation of prostaglandind F
E, Treatment with the PPA&S agonist carbaprostacyclin, but not the PRA&Yonist Wy14643 or
PPARYy agonist ciglitazone, completely reverses the tRNppression of prostaglandin synthesis. In
conclusion, PPAR and PPAR function in the response of bovine endometrium to growth hormone
and long chain omega-3 polyunsaturated fatty acids.

© 2005 Elsevier Inc. All rights reserved.

Keywords: Pregnancy; Female reproductive tract; Polyunsaturated fatty acid; Peroxisome proliferator-activated
receptor; Prostaglandin

1. Introduction

The peroxisome proliferator-activated receptors (PPARSs) are a family of nuclear recep-
tors activated by selected long chain fatty acids, eicosanoids and peroxisome proliferators.
There are three subtypes of PPAR (icg $ andy) that upon ligand binding, heterodimerize
with the retinoid receptor RXR and interact with specific PPAR response elements in the
promoter region of target genes to affect transcription. Regulation of promoter function is
complex, since there is tissue specific expression of the PPAR and RXR subtypes, com-
petition for the RXR binding partner, and differences in binding affinity among the PPAR
subtypes and among the RXR subtyjpHs PPAR activation may be ligand dependent or
independent, and there is also cross-talk with other nuclear receptors and their response
elements, as well as several transcription fadib)]. The PPARSs are best known for their
roles in lipid metabolism, but they are also involved in development, nervous tissue, lung,
kidney and cardiac functions, epidermal maturation and reproduction in several animal
models[1,3].

A distinctive feature of ruminant endometrium is its role in control of the estrous cycle.

If the female is not pregnant, at about day 16 postestrus the endometrial epithelial cells
differentiate in response to oxytocin receptor stimulation and secrete large amounts of
prostaglandin i, (PGF,) in a pulsatile mannd#]. This PGk is delivered to the ovarian
arterial blood from the uterine vein by a countercurrent mechanism, and causes luteolysis
and subsequent return to estrus at about day 21. During pregnancy, the trophoblast of the
elongating embryo produces interferon-tau (HfNwhich suppresses oxytocin receptor
upregulation and pulsatile PGFsecretion. Supplementation of dairy cow diets with long
chain omega-3 polyunsaturated fatty acids (PUFA) such as those found in flax or fish
oil improves reproductive performance, likely by decreasing uterine R ®Foduction

and increasing embryo survivi,6]. Our recent studies with a bovine cell line derived
from endometrial epithelial cells showed that omega-3 long chain PUFA added to culture
medium depress PGE secretior]7], and others have found similar results using cultured
human decidual cell linef8]. The mechanism for this inhibition is not known, but long
chain omega-3 PUFA are known to affect eicosanoid signaling in a variety of ways: they
reduce the efficiency of the prostaglandin H synthase (also known as cyclooxygenase)
enzymes which regulate prostanoid synthesis, increase eicosanoid catabolism and favor the
production of less biologically active products, including the production of series 1 and

3 prostaglandins at the expense of series 2 prostaglaf@litd]. There is evidence that
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some of these effects may be mediated through PPAR activation, since the omega-3 PUFA
are ligands for all three PPARS,11]. In murine endometrium, a strong link has been
made between prostaglandin H synthase-2 (PGHS-2) activity, prostaglanmtiduction

(PGk) and activation of PPAR[12]. Induction of PGHS-2 expression by PPAR activation

is observed in other model systems, and a putative PPRE is present in the human PGHS-2
promotef13]. In airway smooth muscle cells, this response element is stimulated byy?PAR
agonistq14].

Collectively, these observations indicate that there may be arole for one or more PPARS in
bovine endometrial prostaglandin production. The objective of this study was to characterize
PPAR expression and the prostaglandin synthetic activity of cultured bovine endometrial
cells in response to known PPAR ligands, as well as to key stimulators and inhibitors of
series 2 prostaglandin secretion.

2. Materials and methods
2.1. Materials

Recombinantbovine IFN(1.08x 10 units of antiviral activity per mg) and recombinant
bovine growth hormone (GH) were generous gifts from Dr. R. Michael Roberts (University
of Missouri, Columbia, MO) and Monsanto Co. (St. Louis, MO), respectively. Polystyrene
tissue culture dishes (10020) were from Corning (Corning Glass Works, Corning, NY).
Acrylamide, N,N'-methylenebisacrylamide, SDS, and Nonidet-P40 were purchased from
BDH Laboratory Supplies (Poole, UK). Eicosapentanoic acid was purchased from Cay-
man Chemicals (Ann Arbor, MI). The PPARagonist Wy14643 and the PPARxgonist
ciglitazone were purchased from Calbiochem (EMD Biosciences Inc., San Diego, CA). Car-
baprostacyclin, Coomassie brilliant blue, bromophenol bBimercaptoethanol, NaOH,
Tris, Tris—HCI, TEMED, ammonium persulfate, formaldehyde, acetic acid, Tween 20, NaCl,
EDTA, NaF, glycerol, glycine, and methanol were from Fisher Scientific (Pittsburgh, PA).
The phorbol 12,13 dibutyrate, Hams F-12 culture medium, antibiotic-antimycotic solution,
insulin, p-valine and other laboratory chemicals were from Sigma Chemical Company (St.
Louis, MO). Fetal bovine serum was purchased from Atlanta Biologicals (Norcross, GA).
Isotopically labeled [5, 6, 8, 11, 12, 14, #6i]-PGF,, and -PGE, and the nitrocellulose
membranes (Hybond-ECL) were from Amersham Corporation (Arlington Heights, IL).
X-ray film was from Eastman Kodak Co. (X-Omat Blue XB-1; Rochester, NY).

2.2. BEND cell culture and treatments

The isolation, characterization and culture of the BEND cell line is described elsewhere
([15]; American Type Culture Collection number CRL-2398; ATCC, 10801 University
Boulevard, Manassas, VA 20110-2209), but briefly this cytokeratin-positive uterine cell
line derived from a diestrus cow maintains an epithelial cell phenotype. It produceg PGF
in response to stimulation of protein kinase C, the downstream mediator of oxytocin recep-
tor activation in vivo, by the phorbol ester PDBu. The BEND cells were cultured in 100-mm
dishes (1x 10 cells/cn?) in culture medium (40% Hams F-12, 40% MEM, 1% antibiotic/
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antimycotic, 0.2 U/ml insulin, 34.3 mgti-valine, 10% fetal bovine serum, and 10% horse
serum) at 37C under a humidified atmosphere containing 95% air and 5% @il
90% confluence. The cells were washed in serum-free medium, then cultured for an addi-
tional 24 h in serum-free medium. At this time (designated 0 h), cultures were either not
treated (Basal) or treated with 100 ng/ml phorbol 12,13 dibutyrate (PdBu) to stimulate
prostaglandin synthesis, or PdBu plus 50 ng/mlt{RdBu-IFN), a treatment known to
suppress prostaglandin synthddis Cells and media were harvested 3 h post-treatment, a
time known to be sufficient for demonstration of significant treatment effdgts

The effects of the omega-3 polyunsaturated fatty acid eicosapentanoic acid (EPA) were
examined by supplementing medium beginning-24 h with 100uM EPA, prepared as
described by Mattos et dI7]. Cultures not receiving EPA received BSA carrier at the same
concentrations as treated cultures. For growth hormone treatments, 50 ng/ml recombinant
bovine growth hormone (GH) were added to the culture medium 6 h precolleet®h)(
as described by Badinga et §l.6]. Agonists used to stimulate PPARs were added in
culture medium at-24h, and included 1M ciglitizone, a PPAR-specific activator,
10pnM WY14643, a PPAR-specific activator, and LM carbaprostacyclin, an analogue of
prostaglandind that is known to activate both PPARInd PPAR.

2.3. Extraction of RNA and Northern blots

Total RNA was isolated from endometrial cells using Trfz@lccording to the man-
ufacturer’s recommendations (Invitrogen Corporation, Carlsbad, CA), then quantified by
spectrophotometry. Intron-spanning primers were designed to amplify cDNA from mRNA
transcribed by the bovine PPARPPARS and PPAR genes (able ). For PPARy, the
primers recognized a sequence common to both RRA&d PPAR2 gene products.
Total RNA (1p.g) from kidney (i.e., for PPARand PPAR) and adipose (i.e., for PPAR
was reversed transcribed with AMV reverse transcriptase using a commercial cDNA syn-
thesis kit (Invitrogen). The polymerase chain reaction was carried out using 100 ng of
forward and reverse primer andul of the cDNA reaction product in a 50 reaction
mix containing Taq polymerase (Boehringer-Mannheim) for 40 cycles in an Eppendorf
Mastercycler Gradient Thermocycler (Eppendorf Scientific Inc., Westborg, NY). The PCR
products were subcloned into the TOP@lasmid vector (Invitrogen). The nucleotide
sequences of the generated clones were determined at the nucleotide sequencing facility
of DNA Sequencing Core Laboratory of the Interdisciplinary Center for Biotechnol-
ogy Research of the University of Florida, and compared with published PPAR mRNA
sequences.

Table 1

Primer design for cDNA amplification of bovine PPAR mRNA

Amplicon Forward primer Reverse primer Fragment GenBank accession
size number

PPARx 5-aataacgcgattcgttttigg-3 ~ 5'-tccatgtcgtggatgagaaa-3 233 AF229356

PPARS 5'-cactctcactgctggaccaa-3 5'-tccatgtcgtggatgagaaa-3 216 AF229357

PPARy 5'-ccctggcaaagcatttgtat-3  5'-actgacacccctggaagatg-3 222 Y12419/Y12420
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The relative levels of PPAR mRNAs were assessed by Northern blotting. For Northern
blots, 30ng of total RNA were electrophoresed in 1% agarose—formaldehyde gels and
blotted to nylon membrane. Membrane bound RNA was crosslinked by UV radiation and
baked at 80C for 1 h. The blots were prehybridized with ULTRAHY{Ambion Inc.,
Austin, TX) for 1h at 42C, then hybridized with random primedP-labelled cDNA
probes for either PPAR PPARS or PPARy overnight at 42C. The next day, the blots were
washed in Z SSC/0.1% SDS and twice in 0x<1SSC/0.1% SDS for 20 min each at42,
then exposed to X-ray film. Blots were stripped with 1% SDS for 20 min, then reprobed
with cDNA probes specific for bovine prostaglandin H synthase-2 (PGHS-2; gift from
Dr. J. Sirois, University of Montreal, Que., Canada) and bovine glyceraldehyde phosphate
dehydrogenase (GAPDH) mRNA. The latter was used as a housekeeping control for RNA
loading. Densitometry (Alpha Imager 2000, Alpha Innotech Corporation, San Leandro,
CA) was used to compare pixel intensity of PPAR, PGHS-2 and GAPDH transcripts within
each experiment.

2.4. Radioimmunoassay for prostaglandins

Concentrations of PGE and PGE were measured in culture media 3 h post-PdBu
treatment by direct RIA as described by Danet-Desnoyers ft#@land Gross et a[18],
respectively. Both antisera were characterized by Dubois and BeeiThe anti-PGE,
antiserum was diluted 1:5000 and the anti-B@#atiserum was diluted 1:1000 in Tris buffer.
When assaying 2hl of media, sensitivities of the assays were 5 pg for RGihd 50 pg
for PGE. Cross-reactivities to prostaglandinwere determined to be negligible for each
assay (data not shown).

2.5. Data expression and statistical analysis

Effects of treatment on PPAR RNA levels and prostaglandin accumulation within exper-
iment were determined by analysis of variance using the general linear models procedure in
SAS™ (Statistical Analysis Software Version 8, SAS Institute Inc., Cary, NC). For RNA
analyses, pixel intensity of the GAPDH transcript (nested within experiment if appropriate)
was included as a covariate in the model to adjust for RNA loading. Least squares treatment
means were compared using Tukey’s test for multiple comparison of means. The selected
o error rate wa® < 0.05. The effects of treatments on relative GAPDH mRNA levels were
tested and confirmed to be non-significant for all datagets((10).

3. Results
3.1. Northern blot identification of PPAR mRNA

Northern blot analysis of BEND cell extracts revealed expression of a single transcript for
bovine PPAR of approximately 9 kb in length and a single transcript for bovine PPaiR

approximately 3.8 kbKig. 1). These transcript sizes correspond to the previously observed
sizes of the bovine and human PRARNd PPAR mRNAs (H. Sundvolt, Agricultural
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Fig. 1. Effects of treatment with 1gOM EPA and/or 50 ng/ml IFM on BEND cells stimulated with 100 ng/ml
PdBu for 3 h. (A) Total RNA was isolated from BEND cells and subjected to Northern blot analysis using specific
bovine PPAR, PPARx, PGHS-2 and GAPDH cDNA probes. GAPDH mRNA was used as a loading control.
(B-D) Least squares meanS.E. of indicated mRNA levels in three experiments each with duplicate samples after
adjustment for loading. Treatments with different letters were differ@rt@.05). (E) Accumulation of PGk
(pg/ml) and PGE (pg/0.1ml) in BEND cell supernatants was measured using RIA 3h after PdBu treatment.
Prostaglandin values are LS me&ai$.E. of two experiments each performed in duplicate. SignifiddrtQ.05)

differences among treatments are indicated by different letters within prostaglandin type.
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Table 2
Effect of IFNr and EPA on least squares mega.E. of PPAR mRNA levels in BEND cells in the absence of
phorbol ester stimulation

mRNA Treatment Significance &f

Basal EPA IFN EPA + IFNt

PPARS 17059+ 1665 17876k 2269 15185+ 2332 15492+ 2066 P>0.05
PPARx 24603+ 2279 23770t 3105 16815+ 3191 17543t 2827 P>0.05

University of Norway, personal communicatidg@p,21]). Regardless of treatment, PPAR
MRNA was not detected at significant levels in BEND cells, although samples of ovarian
or adipose mRNA indicated that our probe recognized two transcripts, approximately 2.1
and 2.3 kb (data not shown).

3.2. PdBu and IFM effects on PPAR and PGHS-2 mRNA expression, and
prostaglandin synthesis

In the absence of PdBu, neither PRARor PPARx mRNA levels were affected by
treatment with IFN (Table 2. Treatment of BEND cells with 100 ng/ml PdBu for 3h
increased steady-state levels of PRARRNA (Fig. 1), resulting in an increase in the
least squares mean for basal PPAR mRNA expression in arbitrary units fromt3{6D
to 8034+ 666 in PdBu-treated cell$( 0.05; means include treatments with and without
EPA). Addition of IFNr to PdBu-treated cultures further increased the least squares mean of
samples with and without EPA to 1168700 arbitrary unitsi < 0.05). Neither PdBu nor
PdBu + IFNr treatment consistently affected PPARRNA levels P> 0.10). In contrast,
PdBu consistently increased PGHS-2 mRNA levéls 0.05), and PdBu-IFN partially
reversed this effec< 0.05).

Accumulation of PGE, and PGE in culture media followed similar patterns in response
to the experimental treatments, although BG#els were approximately 10-fold higher.
Levels of both prostaglandins were below detection limits of the assays without PdBu
treatment, regardless of whether EPA and/or GH were preségs.(1 and 2 Three
hour treatment with PdBu consistently stimulated accumulation of both prostaglandins
(P<0.01). Combining PdBu stimulation with IFNsuppressed prostaglandin levels
(P<0.01) such that they were not different from those observed in unstimulated cells

(Fig. 1).

3.3. Effects of EPA and GH on PPAR and PGHS-2 mRNA expression, and
prostaglandin synthesis

Although addition of EPA at-24 h did not influence basal PPARXpression consis-
tently (P> 0.05), orthogonal contrasts indicated that EPA increased BPARNA levels
in PdBu- and PdBu-IFNtreated cells relative to controlB € 0.05;Fig. 1A and B). Levels
of PPARx mRNA were not affected by EPAP(>0.05; Fig. 1C). Pretreatment of PdBu-
treated BEND cells with EPA partially reversed the Ikuppression of PGHS-2 mRNA
(P<0.05;Fig. 1D).
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Fig. 3. Effect of PPAR agonists on BEND cell RNA levels and prostaglandin accumulation. Treatmentidf 10
Wy14643 increased PPARMRNA levels but treatment with M cPGI did not (A). Either treatment increased
PPARx mRNA levels in PdBu-IFN-treated cells (B). Treatment with 1M ciglitazone or Wy14643 increased
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or Wy14643, but were stimulated by cPGI (G—H). Data are least squaresini&&n of two experiments each
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to differentiate prostaglandin types.
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Growth hormone addition did not consistently affect PBARRNA levels > 0.05;
Fig. 2A and B). Basal PPAR mRNA levels were increased by GH € 0.05; Fig. 2C),
but orthogonal contrasts indicated that there was a tendency for GH to decrease PPAR
MRNA levels in PdBu- and PdBu-IFNreated cells in comparison to controR<0.10).
Pretreatment with EPA prevented the GH effédg( 2C). There was a small but significant
decrease in PGHS-2 mRNA levels in response to GH in PdBu- and PdBt+tEbted
cells (P<0.05;Fig. 2D). Combined GH and EPA treatment reversed thetHaNsociated
decrease in PGHS-2 mRNA leveR < 0.05). The effects of GH and EPA on PGHS-2 were
subtle in comparison to those of PdBu and t=N

Combining PdBu stimulation with either EPA, or EPA + IfrBluppressed prostaglandin
levels P <0.01) such that they were not different from those observed in unstimulated cells
(Fig. 2E). Treatment with GH alone reduced prostaglandin levets@.01), but to a lesser
extent than EPA or IFN(P <0.05;Fig. 2E).

3.4. Effects of PPAR agonists

In unstimulated or PdBu-treated BEND cells, treatment with the PPAgonist cigli-
tazone, with the PPAR agonist Wy14643, or with carbaprostacyclin did not consistently
influence PPAR or PPARx mRNA levels P> 0.05; data not shown). In BEND cells treated
with both PdBu and IFK, PPAR mRNA levels were stimulated by the PPARxgonist
Wy14643 P <0.05;Fig. 3A), but not by ciglitazone (data not shown) or carbaprostacyclin
(P>0.10;Fig. 3A). Both Wy14643 and carbaprostacyclin increased PARRNA levels
in PdBuU-IFNr-treated cells® < 0.05;Fig. 3B).

Both the PPAR and PPAR agonistic compounds increased steady state levels of
PGHS-2 mRNA in PdBu-treated cellEi§. 3C; P<0.05), although the effect was mod-
est in comparison to the PdBu effect. Treatment of BEND cells with PPAR agonists also
affected prostaglandin production. Wy14643 stimulated R@Rd PGE accumulation in
the media above that stimulated by PdBu aldhe& 0.05;Fig. 3D).

Carbaprostacyclin did not affect mMRNA accumulation in BEND cells treated with PDBu
(Fig. 3E), but tended to stimulate PGHP < 0.10) and did stimulate PGEP < 0.05) accu-
mulation in the media of PdBu-treated cellsd. 3F). The IFNr suppression of PGHS-2
MRNA in PdBu-treated cells was reversed by carbaprostacy€ign 8G; P<0.02). Car-
baprostacyclin stimulated PGI(P <0.05) and tended to stimulate P& =0.10) accu-
mulation in PdBu-IFN-treated cells above that observed in PdBu-treated deiis 8H).
Neither Wy14643 nor ciglitazone affected the prostaglandin responses to PdBu-IFN
treatment.

4. Discussion

In this study, we show that PPARs a likely mediator of some of the effects of long
chain omega-3 PUFA action in bovine endometrium. PRARpears to be constitutively
expressed in BEND cells, consistent with our recent data indicating expression in the lumi-
nal and glandular epithelia of bovine endometrium (MacLaren et al., in preparation). The
relative level of PPAR mRNA expression in bovine endometrial cells is under the influ-
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ence of several factors, including the protein kinase C pathway (PdBu) and embryonic IFN
Stimulation of the protein kinase C pathway in vivo occurs in response to ligand binding
to the oxytocin receptor to initiate pulsatile secretion of BG&nd consequent luteolysis.
IFNT suppresses this activity and prevents luteolytic RGfilses as part of the pregnancy
recognition mechanism. Our observation that both PdBu and $fikiulate PPAR mRNA
accumulation while having opposite effects on prostaglandin synthesis suggest that the dif-
ferentiation state of the cell is more important to series 2 prostaglandin output than the
relative amount of PPARMRNA.

The regulation of PPARRNA expression is not well characterized. Inclusion of PdBu
in the media also stimulates PPARRNA expression in normal keratinocyte cultuf23].

Ding and co-workerf23,24]showed that PPARMRNA is regulated in uterine epithelium

in early rodent pregnancy, and is induced in uterine subluminal stroma by the presence of the
blastocyst. Levels of PPARNRNA are elevated in cancerous colorectal cells, andithas been
suggested that APC tumor suppressor activity and the nonsteroidal anti-inflammatory drugs
reduce PPARMRNA levelg[25]. Fasting and refeeding significantly affects PRARRNA

levels in kidney and liver, but not in other tissy@$]. Together, these studies indicate that
PPARS gene expression is locally regulated, and that more research is warranted to clarify
what role this regulation plays in mediating the actions of the receptor.

The BEND cell line responds to stimulation of protein kinase C (e.g., PdBu) or sup-
plementation with EPA, GH and IFNin a manner consistent with in vivo observations,
making it a useful model of bovine uterine prostaglandin synthesis. Regardless of treatment,
both PPAR: and PPAR, but not PPAR, mMRNAs are expressed in these cells, as expected
from expression patterns observed in whole endometrium (MacLaren et al., in prepara-
tion). Media accumulation of PGE and PGE occurs in parallel in this system regardless
of treatments, suggesting that these two prostaglandins are co-regulated in BEND cells
under the conditions tested, and that PPAR gene expression does not affect the ratio of
these prostaglandins. Similarly, Arntzen et[8]. found that production of both of these
prostaglandins by human decidual cells were reduced by supplementation with omega-3
PUFA, and elevated by omega-6 PUFA.

As established previously], the suppression of prostaglandin synthesis by EPA does
not depend upon a decrease in PGHS-2 mRNA levels. In contrast, EPA partially reverses
the IFNr suppression of PGHS-2 mRNA expression, which is consistent with the omega-3
PUFA stimulating transcription. Similarly, another omega-3 PUFA, docosahexanoic acid,
has been shown to increase transcription of PGHS-2 mRNA in bovine endothelial cells
[27]. Analysis of the bovine PGHS-2 promoter has been limited to the 1500 nucleotide
region close to the start site, so it is not known whether it has a PPRE or[E8REThe
human promoter has a functional PPRE located approximately 3700 bases upstream of the
start site[13,14] In addition to acting as a ligand for PPARSs, long chain omega-3 PUFA
such as eicosapentanoic acid and docosahexanoic acid can interact with other transcription
factors, including hepatic nuclear factax ASREBP-1c, LXR, RXR and NkB, and can
affect membrane phospholipid composition, including lipid rafts that are known to affect
cell signaling from the plasma membraj8. It also is proposed that EPA may directly
bind the PGHS-2 enzyme, inhibiting its functifi0].

In human adipocytes, EPA, but not other PUFA, increases RRARNA levels[29]. It
is also reported that activation of PPAResults in increased levels of PPARIRNA [30].
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However, expression of PPARN BEND cells is not detectable by Northern analysis regard-
less of treatment. Despite this, some functional PiPARIst be present, since we observed

that treatment of PdBu-treated BEND cells with the PRAdpecific agonist ciglitazone
stimulated PGHS-2 mRNA levels and accumulation of both R@Rd PGE. Induction of
PGHS-2 mRNA by ciglitazone activation of PPARIso occurs in cultured airway smooth
muscle celld14]. In these cells, this induction is overridden by dexamethasone, whereas
in BEND cells, the ciglitazone induction of PgFand PGE is overridden by IFN This

pattern suggests that the PPRE influence on the promoter of PGHS-2 is weaker than that of
other transcription factors involved in the response.

The PPAR\/3 agonist carbaprostacyclin (cPGI) stimulates PGHS-2 mRNA and the accu-
mulation of PGl and PGE, and this effectis observed even in the presence of JRiKich
generally suppresses both PGHS-2 mRNA and prostaglandin accumulation. Carbaprosta-
cyclin is considered an agonist of both PRABNd PPAR [31]. Although the PPAR
agonist Wy14643 also stimulates PGHS-2 and prostaglandin accumulation in the absence
of IFNT, it has little effect in its presence, suggesting that PRARNot mediating the
response to cPGI and that PP&\Ray be acting to counter the IkNeffect on PGHS-2
expression. Similarly, transfection experiments in the human uterine carcinoma AN3CA
cell line indicate that cPGl is not able to stimulate PRAR?]. It remains to be determined
whether this limitation is specific to these cell lines or a characteristic of uterine tissues. It
is interesting that in vivo there is an emerging importance of endogenousaB@lpotent
stimulator of PPAR. For example, in cultured medullary interstitial cells of the rabbit, PGl
acts through PPARand its response element (DRE) to mediate the cell survival response
seen in response to PGHS-2 induction by hypertonic siB2sin the mouse, PGlis the
most abundant prostaglandin at implantation sites. Both PGHS-2 and PGl synthase (PGIS)
gene expression are induced at the time of implantation, yet the classic receptor for PGI
IP, is not detected and the PGdffects are thought to be mediated by PRAR2]. PPARx
is not present in the rodent uterus at implantation, but expression of PRARJuced at
implantation in a pattern similar to PGHS-2 and P(18,23,24] Little is known about
PGl synthesis and activity in the ruminant uterus. Early studies indicated that there are
few binding sites for PGlin bovine endometrium, although PGIS is expressed in ovine
endometrium and administration of BGhcreases endometrial blood flg@3—35]

PPARx is expressed in the ovary and uterine epithelium of thg2jatand we know
from previous studies that growth hormone has an inhibitory effect on PGHS-2 mRNA
and prostaglandin accumulation in BEND cdll$]. The current studies indicate that in
unstimulated BEND cells, the expression of PRARRNA is increased by exposure to
growth hormone, whereas in the presence of the PdBu, growth hormone suppresses tran-
scriptlevels. Pretreatment of BEND cells with EPA reverses the growth hormone depression
of PPARx and PGHS-2 mRNA levels. As is the case for the other PPARS, relatively little is
known about the regulation of PPARNRNA. Cultured hepatocytes decrease mRNA levels
of PPARx in response to growth hormone, but this occurs over several days, not hours of
treatment as we used hei®6,37] In rats, hepatic PPAR mMRNA expression decreases
from 1-3 h post-growth hormone treatment, but recovers by 6 h post-treg@8¢rinter-
estingly, this effect is observed only in liver, and not in heart or soleus muscle, as is a sex
difference in expressiof88]. Liver expression of this mRNA in the rat is stimulated by
fasting and by high circulating levels of glucocorticoids, and decreased by ifik(28)38]
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Up-regulation of PPAR mRNA is observed in response to its own ligands in other in vitro
systemd1]. Given this apparent sensitivity of PPARranscript levels to a variety of hor-
mones and the metabolic state of the cell, it is perhaps not surprising that growth hormone
has different effects on cell PPARexpression depending upon the particular intercellular
pathways activated. Since the target genes of RPAIR involved in cellular uptake, acti-
vation and3-oxidation of fatty acids, the growth hormone may augment this process in the
BEND cells at rest by making more PPARawvailable, and inhibit it in those that have an
active PKc pathway.

In summary, we have demonstrated that PRARd PPAR are expressed in cultured
bovine endometrial cells and are subject to regulation by factors known to regulate series 2
prostaglandin synthesisinthese cells. The P&ARgonist cPGl has a dramatic stimulatory
effect on PGHS-2 mRNA levels and the synthesis of RG&d PGE, which appear to
be mediated at least in part through PRARVe hypothesize that PPARSs involved in the
pregnancy recognition process of cattle and that it mediates at least some of the beneficial
effects of long chain omega-3 PUFA supplementation.
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