BIOLOGY OF REPRODUCTION 57, 217-225 (1997)

Ovarian Expression, Cellular Localization, and Hormonal Regulation of Rat
Secretory Phospholipase A,: Increased Expression by Interleukin-1 and by

Gonadotropins’

Izhar Ben-Shlomo,® Shahar Kol,* Motomu Ando, Kristiina Ruutiainen Altman, Lechoslaw T. Putowski,’

Richard M. Rohan,® and Eli Y. Adashi?

Division of Reproductive Endocrinology, Department of Obstetrics and Gynecology,
University of Maryland School of Medicine, Baltimore, Maryland 21201

ABSTRACT

It has been suggested that ovulation may constitute a cyclic
inflammatory-like process and that gonadotropin-inducible in-
traovarian interleukin (IL)-1, an established mediator of inflam-
mation, may play a central role in this regard. In support of this
hypothesis, our group has been able to document the ability of
IL-1 to potently stimulate prostaglandin biosynthesis by cultured
rat ovarian cells. Herein we explore the possibility that the pros-
taglandin-stimulating action of IL-1 is due, in part, to the en-
hanced expression of ovarian secretory phospholipase-A,
(SPLA,). A single sPLA, transcript of 1.4 kilobases was noted in
all extraovarian tissues of immature rat origin subjected to
Northern blot analysis. However, only a barely detectable signal
was apparent in ovarian tissue. In contrast, the more sensitive
RNase protection assay revealed the unequivocal presence of
ovarian sPLA, transcripts. Cellular localization studies by way of
in situ hybridization documented sPLA, transcripts primarily in
the granulosa cell of the periovulatory ovary. Molecular probing
of untreated cultured whole ovarian dispersates disclosed spon-
taneous elaboration of sPLA, transcripts as early as 20 h after
the introduction of cells into culture. Treatment of cultured
whole ovarian dispersates with IL-1B for 48 h produced a 1.7-
fold increase (over the value in untreated controls) in the rela-
tive expression of sPLA, transcripts (p < 0.01) along with a 1.7-
fold increase in media PLA, activity (p < 0.01). A more marked
increase was documented for IL-1B-treated cultured isolated
granulosa cells (12.5-fold increase, p < 0.001). Treatment of
whole ovarian dispersates with an IL-1 receptor antagonist (IL-
1RA) produced a reduction in the basal expression of sPLA, tran-
scripts (55% at the 5 pg/ml dose level; p < 0.01) and PLA,
activity (40%; p < 0.01), thereby suggesting basal endogenous
IL-1-like bioactivity. Treatment of cultured whole ovarian dis-
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persates with either hCG or FSH led to 2.6-fold (p = 0.056) and
3-fold (p = 0.029) increases in the abundance of sPLA, tran-
scripts, respectively, effects blocked by the concurrent presence
of IL-1RA. These observations 1) document the immature rat
ovary as a site of SPLA, gene expression, 2) localize the relevant
transcripts to the postovulatory granulosa cell, 3) confirm the
presence of functional secreted ovarian PLA, activity, 4) reveal
PLA, expression to be IL-1- and gonadotropin-dependent, and
5) suggest the existence of endogenous PLA,-stimulating 1L-1-
like activity. These findings also suggest that the ability of hCG
or FSH to up-regulate ovarian sPLA, transcripts may be due, in
part, to the endogenous elaboration of IL-like activity.

INTRODUCTION

It has been suggested that ovulation may constitute a
cyclic inflammatory-like process [1, 2] and that gonadotro-
pin-inducible intraovarian interleukin (IL)-1 [3], an estab-
lished mediator of inflammation [4], may play a central role
in this regard [5]. Indeed, the mammalian ovary has been
shown to be a site of IL-1 production [6-9], reception [8,
10, 11], and action [12-39]. Most importantly, IL-1 has
been shown to promote follicular rupture and to synergize
with LH in this respect [40, 41]. The IL-1 receptor antag-
onist in turn was shown to repress follicular rupture [42,
43].

Since prostaglandin biosynthesis constitutes an estab-
lished coroliary of the ovulatory cascade [44], the possi-
bility that IL-1 may modulate ovarian prostanoid accumu-
lation has been investigated [45-47]. In this connection,
this laboratory documented the ability of IL-1( to potenily
stimulate prostaglandin (PGE, > PGF,,) biosynthesis by
cultured whole ovarian dispersates from immature rats [45].
In order to begin elucidation of the molecular mechanisms
underlying this phenomenon, we explored the possibility
that the IL-1-stimulated biosynthesis of ovarian prostaglan-
dins is due, in part, to the enhancement of ovarian phos-
pholipase-A, (PLA,) activity. This enzyme, which is the
initial and event-limiting step in the eicosanoid biosynthetic
cascade [48], is a member of a heterogeneous family of
enzymes consisting of two main classes of proteins: a se-
cretory, low molecular weight species (14 kDa, sPLA;) and
a cytosolic, high molecular weight (85-110 kDa, cPLA;)
species. The former is further subclassified into digestive
group I (synthesized and secreted mainly by the pancreas)
and nondigestive group II (synthesized and secreted by
many cell types). This paper will focus on the ovarian ex-
pression, cellular localization, and hormonal regulation of
the group II sPLA, variety. Special emphasis will be placed
on examining the possibility that ovarian PLA, expression
is IL-1 dependent and the possibility that IL-1 may be an
intermediary in the prostaglandin-stimulating property of
gonadotropins [44].
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MATERIALS AND METHODS
Animals

Immature Sprague-Dawley female rats from Zivic-Miller
Laboratories (Zelienopole, PA) were killed by CO, asphyx-
iation. The project was approved by the Institutional Ani-
mal Care and Use Committee.

Hormones

Recombinant human IL-18 (2 X 107 U/mg) was gener-
ously provided by Drs. Errol B. De Souza and C.E. New-
ton, DuPont-Merck Pharmaceutical Co. (Wilmington, DE).
A recombinantly expressed preparation of the naturally oc-
curring human IL-1 receptor antagonist (IL-1RA) was gen-
erously provided by Dr. Danjel E. Tracey, The Upjohn Co.
(Kalamazoo, MI). Highly purified hCG (CR-127, 14900
IU/mg) was generously provided by Dr. R.E. Canfield
through the Center for Population Research, NICHD, NIH
(Bethesda, MD). Ovine FSH (oFSH; NIH-FSH-S17; FSH
potency equal to 20 U/mg; LH activity of 0.04 NIH-LH-
S1U/mg) was generously provided by the National Pituitary
Agency, National Institute of Diabetes and Digestive and
Kidney Diseases, NIH (Bethesda, MD). Equine CGs were
from Sigma Chemical Company (St. Louis, MO).

Reagents

McCoy’s 5a medium (without serum), penicillin-strep-
tomycin solution, L-glutamine, trypan blue stain (0.4%),
and BSA were obtained from Gibco-BRL Life Sciences
(Gaithersburg, MD). Collagenase (Clostridium histolyti-
cum; CLS type I; 144 U/mg) was from Worthington Bio-
chemical Corp. (Freehold, NJ). DNase (bovine pancreas),

phosphatidylicholine L-a-1-stearyl-2-arachidonyl, pepsin, °

and RNase A were obtained from Sigma. 5-Bromo-4 chlo-
ro-3-indolyl phosphate, nitro blue tetrazolium, digoxigenin-
UTP, and anti-digoxigenin polyclonal antibody Fab frag-
ments were from Boehringer-Mannhein Biochemical Prod-
ucts (Indianapolis, IN). [a->2PJUTP (800 Ci/mmol), [o-
*2PJdCTP (3000 Ci/mmol), and phosphatidylcholine
L-a-1-stearyl-2-arachidonyl farachidonyl-5,6,8,9,11,12,14,15-3
H(N)] (42 Ci/mmol) were from DuPont New England Nu-
clear Research Products (Boston, MA). Agarose was from
FMC BioProducts (Rockland, ME) and formamide was
from Fisher Biotech (Fairlawn, ND.

In Vivo Treatment Paradigm

Intact 25-day-old female rats were injected s.c. with 15
IU of eCG. Ovulation was triggered by hCG (15 IU) 48 h
later.

Tissue Culture Procedures

Whole ovarian dispersates from immature rats were pre-
pared and cultured as previously described in 60 X 12-mm
(1.5 X 106 cells) or 30 X 10-mm (0.5 X 106 cells) dishes
[49]. Briefly, these cells were maintained at a temperature
of 37°C within a water-saturated atmosphere of 95% air:
5% CO? in 1 ml of serum-free McCoy’s 5a medium sup-
plemented with 2 mM L-glutamine, 100 U/ml penicillin,
and 100 wg/ml streptomycin sulfate. All reagents were dis-
solved in sterile culture media. All treatments were added
n 50-pl aliquots. Pure granulosa cells from immature (25~
27 days old) rats were prepared by repeated follicular punc-
turing and were cultured (1.5 X 10° cells/60 X 12-mm dish)

as previously described [50]. Briefly, these cells were cul-
tured under the same conditions as described above for the
whole ovarian dispersates.

Nucleic Acid Probes

A 750-base pair (bp) Sma I/EcoRI insert of the cDNA
encoding rat type II sPLA, [51] was kindly provided by
Dr. J. Ishizaki (Shionogi Research Laboratories, Osaka, Ja-
pan). For the purpose of Northern blotting, the entire insert
was excised with Sma I/EcoRI, purified, and used as a tem-
plate for random priming with [a-32P]dCTP according to
the manufacturer’s recommendations (Pharmacia, Piscata-
way, NJ). For RNase protection assays, a 452-bp BamHI
fragment was excised and subcloned into PGEM7Zf+ (Pro-
mega, Madison, WI). This latter construct was then linear-
ized with Ecl136I1 (New England Biolabs, Beverly, MA)
and transcribed with T7 RNA polymerase (Promega) in the
presence of [a-32P]JUTP to yield a 535-nucleotide (nt) ri-
boprobe that, upon hybridization, was projected to generate
a 452-nt protected fragment.

To correct for possible differential RNA loadings, tran-
scripts for either RPL19 or cyclophilin, both of which are
constitutively expressed and presumptively hormone-inde-
pendent genes, were quantified as internal standards. Cy-
clophilin mRNA [52] has been used to normalize RNA
loading in a variety of experimental systems, including
those utilizing ovarian material {53-55]. A plasmid con-
taining a 117-bp Pst I to BamHI fragment of the rat cyclo-
philin cDNA was generously provided by Dr. Sergio R.
Ojeda (Oregon Regional Primate Center, Beaverton, OR).
This plasmid was linearized with EcoRI and transcribed
with T7 RNA polymerase to create a 169-nt riboprobe de-
signed to protect a 117-nt fragment. The preparation and
employment of the RPL19 probe were as described else-
where [11].

RNA Extraction and Analysis

RNA of cultured cells and of tissues was extracted with
RNAZOL-B (Tel Test, Friendswood, TX) according to the
recommendations of the manufacturer, RNase protection as-
says were carried out as previously described [6].

RNase Protection Assay

Linearized DNA templates were transcribed with T7
RNA polymerase to specific activities of 800 Ci/mmol [a-
32PJUTP (sPLA,) or 160 Ci/mmol [«-*?PJUTP (cyclophilin
or RPL19). The riboprobes were gel purified in an effort to
eliminate transcribed products shorter than the full-length
probes. The assay was performed as previously described
[6]. Gels were exposed to XAR film (Eastman Kodak,
Rochester, NY) for varying lengths of time with intensi-
fying screens. To generate quantitative data, gels were also
exposed to a phosphor screen (Molecuiar Dynamics, Sun-
nyvale, CA). The resultant digitized data were analyzed
with Image Quant Software (Molecular Dynamics). The
hormonally independent RPL19 (or cyclophilin) mRNA
signal was used to normalize the SPLA, mRNA data for
possible variation in RNA loading. Specifically, the net sig-
nal of the sPLA, or cPLA, protected band (respective back-
ground subtracted)/net RPL19 signal ratio was calculated
for each sample.

The relative intensity of protected RNA bands was quan-
tified by densitometric scanning with a computing densi-
tometer (Molecular Dynamics) and normalized relative to



IL-1 STIMULATES OVARIAN sPLA, 219

sPLA, - -1.4 Kb

000&.4‘5‘ o8 S
SIS VTR

FIG. 1. Tissue distribution of sPLA, transcripts in the postovulatory rat:
Northern blot analysis. Total RNA (20 ug) extracted from the indicated
tissues of eCG/hCG-treated immature rats was subjected to Northern blot
analysis employing a 3?P-labeled DNA probe corresponding to rat sPLA,
as described in Materials and Methods.

the cyclophilin or RPL19 transcripts, as detailed for indi-
vidual experiments. Northern blot analysis was carried out
as previously described (55].

Cell-Free PLA, Activity Assay of Media Conditioned by
Cultured Ovarian Cells

Whole ovarian dispersates were initially cultured as de-
scribed for 72 h in the absence or presence of the specified
treatments. Media were then transferred into 12 X 75-mm
glass tubes, and media PLA, activity was determined by
measuring the release of 3H-labeled arachidonic acid from
the sn-2 position of 3H-labeled phosphatidylcholine sub-
strate. The 1-ml reaction volume contained conditioned me-
dium (300 wl), 2.5 X 10% cpm of 3H-labeled phosphatidyl-
choline L-a-1-stearyl-2-arachidonyl (20 ul), 2.5 uM of un-
labeled phosphatidylcholine (20 pl), 5% methanol, 2 mM
CaCl, (20 wl), and 100 wM Hepes buffer (640 ul). After a
2-h incubation at 37°C, the reaction was terminated by the
addition of 100 pl of 7% formic acid. Reactions were ex-
tracted twice with 3 ml of ethyl acetate. Extracts were dried,
resuspended in isopropanol:hexane:acetic acid (5:95:0.025),
and separated by HPLC (Waters, Milford, MA) on a nor-
mal-phase diol column (LiChrosorb Diol, Waters, 10 pwm)
using a concave gradient of hexane:isopropanol (95:5 to 60:
40) for 30 min at 2 ml/min. Radiolabeled arachidonic acid
and other major prostanoid products (PGE, and PGF,,)
were detected and quantified by online scintillation count-
ing with a Radiometric Flow Detector (Packard Instrument
Co., Meriden, CT).

In Situ Hybridization

Methodological details conformed to those previously
described [11]. Briefly, ovaries were removed, dissected
free of surrounding tissues, fixed in 10% buffered formalin,
and embedded in paraffin wax. Sections (4—-6 um thick)
were mounted on aminopropyltriethoxy-silane-coated glass
slides and baked overnight at 60°C. Wax was removed with
Xylene and ethanol, and slides were rinsed prior to treat-
ment with pepsin (Sigma; 4 mg/ml in 0.2 N HCI) at room
temperature for 13 min. Slides were rinsed again and fixed
with 2.7% paraformaldehyde for 5 min.

Riboprobes were synthesized with digoxigenin-UTP
(Boehringer-Mannheim). Riboprobes (8 ng/ul) in hybrid-
ization buffer (50% v:v formamide, 5% w:v dextran sulfate,
double-strength saline-sodium citrate [SSC; single-strength
SSC is 0.15 M sodium chloride and 0.015 M sodium ci-
trate], 0.1 mM EDTA, 150 wg/ml Escherichia coli tRNA,
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FIG. 2. Tissue distribution of sPLA, transcripts in the immature rat: RNase
protection assay. Total RNA (20 pg) extracted from the indicated tissues
of immature rats was subjected to an RNase protection assay using a 32P-
labeled rat sPLA, antisense RNA as described in Materials and Methods.

1 mM Tris-HCI, pH 7.3) were added to each sample. Slides
were covered, heated to 95°C for 15 min in a humidified
chamber, and hybridized at 47°C overnight. After hybrid-
ization, slides were rinsed in 4-strength SSC and double-
strength SSC and treated with 150 pwg/ml RNase A (Sigma,
London, UK) in double-strength SSC at 37°C for 30 min
[30].

Slides were then washed, preincubated in blocking buff-
er (100 mM Tris-HCI, pH 7.5, 150 mM NaCl, 1% Boeh-
ringer-Mannheim blocking reagent), and incubated with al-
kaline phosphatase-conjugated anti-digoxigenin polyclonal
antibody Fab fragments (Boehringer-Mannheim) at 1:500
dilution in blocking buffer for 5 h. Unbound antibody was
removed by washing in 0.1 M maleic acid (pH 7.5), 150
mM NaCl for 30 min. Bound antibody was detected by
incubation in 100 mM Tris-HC1 (pH 9.5), 100 mM NaCl,
50 mM MgCl, containing 375 ug/ml nitroblue tetrazolium
and 187.5 pg/ml 5-bromo-4-chloro-3-inodyl-phosphate
(Boehringer-Mannheim) in the dark overnight. Reactions
were stopped with double-distilled H,O, and the slides were
dried and mounted in aqueous mounting medium.

Data Analysis

Except as noted, each experiment was replicated a min-
imum of three times. Data points are presented as mean =
SE, and statistical significance was determined by ANOVA
(Fisher’s Protected Least Significance Difference) and Stu-
dent’s r-test. Statistical values were calculated using Stat-
view 512+ for Macintosh (Brain Power, Inc., Calabasas,
CA). Median effective concentrations (ECsg) and their 95%
confidence interval were calculated from the respective lin-
ear log-dose/effect curves.

RESULTS

Tissue Distribution of sPLA, Transcripts in the Immature
Rat

The relative expression of sPLA, in the ovary, colon,
ileum, liver, lung, spleen, and uterus of immature rats after
in vivo treatment with eCG/hCG was determined by North-
ern blot analysis as described in Materials and Methods.
As shown in Figure 1, a single sPLA, transcript of 1.4
kilobases (kb) was noted in all tissues studied, proving par-
ticularly prominent in the colon and ileum. The lung,
spleen, and uterus displayed a less intense signal. A further
decrease in signal intensity was noted for the liver. Only a
faint signal was evident in ovarian tissue collected 24 h
post-hCG (i.e., 10 h after induced ovulation). These find-
ings suggest that, in relative terms, whole ovarian tissue (as
distinct from specific cellular populations thereof) is not a
major site of sSPLA, gene expression. The more sensitive
RNase protection assay revealed the unequivocal presence
of sPLA, transcripts (Fig. 2) in ovarian material from un-
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FIG. 3. Cellular localization of sPLA, transcripts: in situ hybridization stud-
ies. Ovaries were obtained from eCG/hCG-treated immature rats, The re-
sultant ovarian and tubal material was processed for in situ hybridization
using a digoxigenin-labeled rat sPLA, antisense RNA as described in Ma-
terials and Methods. A) Section through an early postovulatory ovary (17
h post-hCG). B) Section through the postovulatory fallopian tube. C) Sec-
tion probed by sense probe. BM, basement membrane; CC, cumulus cells;
O, oocyte. A, C: X100; B: X200 (reproduced at 75%).

treated rats. Of all tissues studied, the small bowel showed
the most prominent signal. A substantial sPL.A;, signal was
also noted in the thymus, the uterus, and the heart (but not
liver).

Cellular Localization of sPLA, Transcripts: In Situ
Hybridization Studies

To establish the identity of the somatic ovarian cell pop-
ulation responsible for sPLA, gene expression, ovaries
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FIC. 4. sPLA, gene expression by cultured whole ovarian dispersates: time
dependence. Whole ovarian dispersates (1.5 X 10¢ viable cells/60 X
12-mm dish) were cuitured for the duration indicated (up to 48 h), in the
absence of any treatment, in 3 ml of serum-free media. Total celfular RNA
was extracted and subjected to RNase protection assay using a 32P-labeled
rat sPLA, antisense RNA as described in Materials and Methods. The sam-
ples were simultaneously probed with 32P-labeled RPL19 antisense RNA
to normalize for possible variation in RNA loading. The intensity of RNA
bands was quantified as described in Materials and Methods. The left
panel depicts the mean = SE of three experiments. The right panei reflects
a single representative experiment. * Statistically significant (p < 0.05)
vs. 48-h value.

were obtained from eCG-primed/hCG-triggered immature
rats. The resultant ovarian (and tubal) material was pro-
cessed for in situ hybridization as described in Materials
and Methods. Follicles in various stages of development
were apparent (Fig. 3A) in a section from an early posto-
vulatory ovary (17 h post-hCG). In this section, expression
of sPLA, was localized to membrana granulosa cells with
minimal staining of the theca-interstitial cell compartment.
Cumulus granulosa cells were sPLA, positive as well.
Within the membrana granulosa, the gradient of expression
proved more intense toward the antrum. Modestly intense
labeling was also apparent in the early corpus luteum. A
section through the postovulatory fallopian tube (Fig. 3B)
disclosed an ovulated oocyte surrounded by expanded (mu-
cified) sPLA,-positive cumulus cells, thereby suggesting
that the sPLA,-positive cumulus mass is associated with
mature follicles destined to ovulate. A control ovarian sec-
tion labeled with the sense sPLA, probe (Fig. 3C) displayed
no staining.

Expression of sPLA, Gene by Cultured Whole Ovarian
Dispersates: Time Dependence

To determine whether ovarian sPLA, gene expression
occurs in vitro, whole ovarian dispersates were cultured for
the duration indicated (up to 48 h) in the absence of any
treatment. As shown in Figure 4 (n = 3), an appreciable
signal corresponding to sPLA, transcripts was first noted
20 h into the experiment. A further increase was noted at
the 48-h time point. The duration of all subsequent exper-
iments was thus kept at 48 h to provide a standard reference
point for the detection of possible regulatory effects.

Expression of sPLA, Gene by Cultured Whole Ovarian
Dispersates: Effect of Treatment with IL-1B

To evaluate the dependence of ovarian sPLA, transcripts
on IL-1B, whole ovarian dispersates were cultured for 48
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h in the absence or presence of exogenously provided IL-18
(50 ng/ml), with or without IL-1RA (5000 ng/mi). As
shown in Figure 5, treatment with IL-18 produced a 1.74-
fold increase in the relative expression of sPLA, transcripts
over the value in untreated controls (p < 0.01). Importantly,
this effect was reversed by IL-1RA, albeit without achieve-
ment of statistical significance in light of substantial inter-
experimental variability. Treatment with IL-IRA led to a
55% decrease in the basal level of expression of ovarian
sPLA, transcripts (p < 0.01), a phenomenon described in
greater detail in Figure 8. These observations support the
view that ovarian sPLA, transcripts are IL-1 dependent and
that the IL-1 effect is receptor mediated.

PLA, Activity in Media Conditioned by Cultured Whole
Ovarian Dispersates: Effect of Treatment with IL-18

To further confirm the IL-1 dependence of ovarian
sPLA,, we set out to examine the effect of treatment with
IL-1B on PLA, activity in media conditioned by cultured
whole ovarian dispersates. Whole ovarian dispersates were
cultured for 48 h in the absence or presence of IL-1B (50
ng/ml), with or without IL-1RA (5000 ng/ml). At the con-
clusion of this experimental period, the media were col-
lected and subjected to a cell-free PLA, activity assay as
described in Materials and Methods. PLA, activity as de-
tected in media conditioned by cultured ovarian cells is
composed primarily, if not exclusively, of the sPLA, vari-
ety (unpublished results). As shown in Figure 6, treatment
with IL-1p resulted in a 75% increase (p < 0.01) in PLA,
activity. The concurrent presencé of IL-1RA completely
blocked the IL-1B effect (p < 0.01), reducing PLA, activity
to a level 65% that of untreated controls. Provision of
IL-1RA by itself produced a significant (p < 0.01) decrease
40%) in basal PLA, activity, thereby suggesting neutral-
ization of endogenous IL-1 input.

Expression of sPLA, Gene by Cultured Isolated Granulosa
Cells from Immature Rats: Effect of Treatment with IL-18

To confirm the localization of ovarian sPLA, transcripts
to the granulosa cell (as noted by in situ hybridization) and
to confirm their IL-1 dependence, isolated granulosa cells
were cultured for 48 h in the absence or presence of IL-18
(50 ng/ml). As shown in Figure 7 (n = 3), faint sPLA,

FIG. 5. Expression of sPLA, gene by cui-
tured whole ovarian dispersates: effect of
treatment with IL-18. Whole ovarian dis-
persates (1.5 X 10° viable cells/60 X
12-mm dish) were cultured in 3 mi of se-
rum-free media for 48 h in the absence or
presence of 1L-18 (50 ng/mi), with or with-
out IL-1RA (5000 ng/ml). The resultant
RNA samples were subjected to a liquid
hybridization/RNase protection assay using
a ?P-labeled rat sPLA, antisense RNA as
described in Materials and Methods. Si-
multaneous probing was carried out with
a 32P-labeled rat RPL19 antisense RNA
probe to normalize for possible variation
in RNA loading. The intensity of RNA
bands was quaniified as described in Ma-
terials and Methods. The right panel de-
L picts the mean = SE of the indicated num-
. ber of experiments. The left panel reflects
a single experiment.
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transcripts were noted in the absence of treatment. How-
ever, treatment with IL-1B resulted in marked (12.5-fold
increase) induction (p < 0.001) of sPLA, transcripts.

Expression of sPLA, Gene by Cultured Whole Ovarian
Dispersates: Effect of Treatment with IL-TRA

To examine the possible dependence of ovarian sPLA;
gene expression on endogenous IL-1-like activity, whole
ovarian dispersates were cultured for 48 h under serum-free
conditions in the presence of increasing concentrations (0—
5000 ng/ml) of IL-1RA. As shown in Figure 8 (n = 3),
provision of increasing concentrations of IL-1RA produced
dose-dependent decrements in the expression of protected
sPLA, transcripts with an apparent ECso of 79 ng/ml (40—
158 ng/ml, 95% confidence interval). The first significant
(p < 0.05) decrement was noted at the 50 ng/ml dose level.
Although the TL-1RA effect did not reach a formal maxi-
mum at the 5000 ng/ml dose level, an 80% reduction of
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FIG. 6. PLA, activity in media conditioned by cultured whole ovarian
dispersates: effect of treatment with iL-1B. Whole ovarian dispersates (0.5
X 106 viable cells/30 X 10 mm-dish) were cultured in 1 ml of serum-
free media for 48 h in the absence or presence of IL-18 (50 ng/ml), with
or without IL-TRA (5000 ng/ml). At the conclusion of the experimental
period, the media were collected and subjected to a cell-free PLA, activity
assay as described in Materials and Methods. Data represent the mean =
SE of the indicated number of independent experiments.
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FIG. 7. Expression of sPLA; gene by cul-
tured isolated granulosa cells: effect of
treatment with 1L-1B. Isolated granulosa

n=3
500 bp ——
p<0,001

cells (1.5 X 10¢ viable cells/60 X 12-mm
dish) were cultured for 48 h in 3 ml of se-
rum-free media in the absence or presence
of IL-18 (50 ng/mi). The resultant RNA
samples were subjected to a liquid hybrid-
ization/RNase protection assay using a 32P-
labeled rat sPLA, antisense RNA as de-
scribed previously [6]. Simultaneous prob-
ing was carried out with a ?P-labeled rat
RPL19 RNA probe to normalize for possi-
ble variation in RNA loading. The intensity
of RNA bands was quantified as described
in Materials and Methods. The left panel
depicts the mean = SE of three experi-
ments. The right panel reflects a single
representative experiment.

801
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SPLA, transcript abundance was noted (p < 0.01). These
data suggest that the basal level of expression of sPLA, by
cultured whole ovarian dispersates is partially contingent
upon stimulation by endogenous IL-1-like activity.

Expression of PLA, Gene by Cultured Whole Ovarian
Dispersates: Effect of Treatment with Gonadotropins

To examine the role of gonadotropins in the regulation
of ovarian sPLA; gene expression and to explore the pos-
sible intermediary role of IL-1 in this regard, whole ovarian

dispersates were cultured for 48 h in the absence or pres-.

ence of FSH (2 mIU/ml) or hCG (10 ng/ml), with or with-
out IL-1RA (5000 ng/ml). As shown in Figure 9 (n = 5),

treatment with either FSH or hCG led to an increase in

sPLA, transcripts (3- and 2.6-fold, respectively). However,
only the FSH-induced increase was significant (p = 0.029);
the hCG-induced increase was not (p = 0.056). Interesting-
ly, the FSH and hCG effects were reversed by the concur-
rent presence of IL-1RA (p < 0.01 and < 0.05, respec-
tively). These findings suggest that the ability of hCG or
FSH to up-regulate ovarian sPLA, transcripts is due, if only
in part, to the endogenous elaboration of IL-1-like activity.

| p<0.001
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DISCUSSION

IL-1 has been implicated as a mediator in the cascade
of events leading to ovulation [5]. In this context, IL-1 has
been shown to be a potent promoter of the generation of
ovarian prostanoids [42, 45-47]. Although the latter activ-
ity is undoubtedly attributable, at least in part, to stimula-
tion of the inducible isoform of prostaglandin endoperoxide
synthase (unpublished results), other mechanisms may also
be at play. In this paper we explore the possibility that the
IL-1-stimulated biosynthesis of ovarian prostaglandins is
also due, in part, to the enhancement of ovarian PLA, ac-
tivity. Specifically, we set out to document the ovarian ex-
pression, cellular localization, and hormonal regulation of
type II secretory PLA,, the presumed dominant PLA, spe-
cies in the mammalian ovary (unpublished results).

PLA, is known to catalyze the hydrolysis of the sn-2
fatty acyl chain of phospholipids. Cleavage of the sn-2 ar-
achidonic acid residue of phospholipids provides the sub-
strate for the biosynthesis of eicosanoids, thereby giving
rise to potent proinflammatory mediators (i.e., prostaglan-
dins and leukotrienes). Consequently, it is the release of

FIG. 8. Expression of sPLA, gene by cul-
tured whole ovarian dispersates: effect of
treatment with IL-1RA. Whole ovarian dis-
persates (1.5 X 108 viable cells/60 X
12-mm dish) were cultured in 3 ml of se-
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FIG. 9. Expression of sPLA, gene by cultured whole ovarian dispersates:
effect of treatment with gonadotropins. Whole ovarian dispersates (1.5 X
10 viable cells/60 % 12-mm dish) were cultured in 3 mi of serum-free
media for 48 h in the absence or presence of FSH (2 mlU/ml) or hCG
(10 ng/ml) with or without IL-1RA (5000 ng/ml). The resuftant RNA sam-
ples were subjected to a liquid hybridization/RNase protection assay us-
ing a »P-labeled rat sPLA, antisense RNA as described in Materials and
Methods. Simultaneous probing was carried out with a *2P-labeled rat
RPL19 antisense RNA probe to normalize for possible variation in RNA
loading. The intensity of RNA bands was quantified as described in Ma-
terials and Methods. The bar graph depicts the mean = SE of five exper-
iments.

arachidonic acid that is considered to be the rate-limiting
event in the eicosanoid production cascade [48].

Initial efforts at establishing the ovarian expression of
sPLA, by Northern blot analysis revealed that, as compared
to other tissues, intact whole ovarian material from posto-
vulatory rats is not a major site of sPLA, expression (Fig.
1). Tt is likely that this observation reflects the highly com-
partmentalized nature of ovarian sPLA, expression, whose
predominant localization to the postovulatory membrana
granulosa and cumulus layer was subsequently revealed by
in situ hybridization technology (Fig. 3). However, sPLA,
expression by whole ovarian material (Fig. 4), by IL-1-
treated cultured whole ovarian dispersates (Fig. 5), or by
IL-1-treated cultured isolated granulosa cells (Fig. 7)
proved vigorous when probed by sensitive RNase protec-
tion technology.

To evaluate the possible dependence of ovarian sPLA,
on IL-1B, whole ovarian dispersates were cultured in the
absence or presence of IL-1f (Fig. 5). Treatment with
IL-1B proved up-regulatory to ovarian sPLA, transcripts,
thereby strongly suggesting IL-1-dependence. Moreover,
the IL-1p effect appeared to be receptor mediated in that
the concurrent presence of IL-1RA markedly attenuated the
IL-1B effect (Fig. 5). Taken together, these observations
support the view that ovarian sPLA, transcripts are IL-1
dependent and that the IL-1 effect under study is receptor
mediated. Comparable conclusions could be drawn from
the study of PLA, activity (Fig. 6). In these respects, our
findings are in keeping with those reported for several ex-
traovarian sites [56, 57].

It is also of interest that IL-1B proved capable of stim-
ulating SPLA, expression in cultured granulosa cells. This
confirms previous demonstrations of the ability of IL-1 to
directly alter rat granulosa cell function {13, 14, 16, 17, 20,
30] and further supports the presence of IL-1-induced ac-
tions, and existence of IL-1 receptors on this cell type [11].
Other endpoints of ovarian IL-1 such as changes in cellular
morphology [25], stimulation of proteoglycan biosynthesis

[33], prostaglandin biosynthesis [45], and nitric oxide syn-
thase activity [58] require the entire ovarian cellular com-
plement. Induction of these events by IL-1 may occur in or
require the intermediacy of other cell types. It is noteworthy
that the in vitro induction of prostaglandin biosynthesis by
IL-1 requires the whole ovary [45], whereas IL-1 will in-
crease sPLA, expression in isolated granulosa cells (Fig.
7). Thus increased sPLA» expression is not sufficient for
full production of prostaglandins but undoubtedly also re-
quires the IL-1-induced expression of prostaglandin endo-
peroxide synthase (unpublished results).

To further examine the possible dependence of ovarian
sPLA, gene expression on IL-1, we set out to examine the
role of endogenous IL-1-like activity. The presence of en-
dogenous IL-1 activity in cultured whole ovarian disper-
sates has been suggested by the ability of IL-1RA to de-
crease the basal expression of some IL-1-induced effects
[37] and has been confirmed by the detection of IL-1pB tran-
scripts and IL-1 bioactivity (unpublished results). Indeed,
provision of increasing concentrations of IL-1RA produced
dose-dependent decrements in the relative expression of
sPLA, transcripts by whole ovarian dispersates, thereby
suggesting that the basal level of expression of sPLA, is
partially contingent upon stimulation by endogenous IL-1-
like activity (Fig. 8). Similar data are displayed in Figures
5 and 9. It is noteworthy that the addition of 50 ng/ml IL-18
could increase sPLA, expression only 1.74-fold, thereby
suggesting that the endogenous production of IL-1-like ac-
tivity is sufficient to induce more than 50% of the possible
maximal expression.

To establish that the phenomena discussed above are not
limited to the transcriptional level, we also examined the
IL-1 dependence of PLA, activity in media conditioned by
whole ovarian dispersates. These observations (Fig. 6) re-
vealed TL-1pB to be a potent stimulator of ovarian sPLA,
activity, an effect eliminated by the concurrent presence of
IL-1RA. Importantly, the provision of IL-1RA by itself pro-
duced a significant (p < 0.01) decrease (40%) in basal
sPLA, activity, suggesting partial neutralization of endog-
enous IL-1 input. Taken together, these findings suggest that
the IL-1 dependence of ovarian sPLA, is apparent at both
the transcript and protein levels. As IL-1 may be cytotoxic
to whole ovarian dispersates of rat origin [25, 31], it is pos-
sible that the PLA, activity detected in the media may also
reflect, in part, released cytosolic PLA, (cPLA;).

Since the induction of intraovarian IL-18 gene expres-
sion is gonadotropin dependent [3, 6], we further examined
the role of gonadotropins in the regulation of ovarian
sPLA, expression and explored the possible intermediary
role of IL-1 in this regard. Whole ovarian dispersates were
cultured in the absence or presence of FSH or hCG, with
or without IL-1RA. Interestingly, treatment with either FSH
or hCG led to an increase in ovarian sPLA, transcripts (Fig.
9), although the hCG effect was of borderline significance.
Importantly, these latter effects were reversed by the con-
current presence of IL-1RA, suggesting that the ability of
hCG and FSH to up-regulate ovarian sSPLA, transcripts is
due, if only in part, to the endogenous elaboration of IL-1-
like activity. It is therefore tempting to speculate that per-
iovulatory eicosanoid production in the ovary is regulated
by gonadotropins via IL-1, whose ability to up-regulate
sPLA, expression and activity has been demonstrated here-
in.
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