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ABSTRACT The effect of epidermal growth
factor on the levels of cytosolic phospholipase A 2

mRNA and protein in cultured rat endometrial stromal
cells isolated from uteri sensitized for the decidual cell
reaction was examined. Treatment with epidermal
growth factor increased the steady-state cytosolic
phospholipase A 2 mRNA and protein levels as demon-
strated by Northern and Western blot analyses, respec-
tively. lmmunocytochemical analysis demonstrated an
increase of cytosolic phospholipase A 2 protein in most
cells, as opposed to a small subpopulation of cells in
culture. These results show that epidermal growth
factor causes an increase in steady-state cytosolic
phospho l ipase  A 2 mRNA and protein levels in rat
endometrial stromal cells from uteri sensitized for the
decidual cell reaction. Epidermal growth factor recep-
tor ligands may regulate cytosolic phospholipase A 2

and thus prostaglandin production in the endometrial
stromal cells during implantation. Mol. Reprod. Dev.
52:335-340, 1999. © 1999 Wiley-Liss,  Inc.
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INTRODUCTION
The mobilization of arachidonic acid (AA) from mem-

brane phospholipids is believed to be a rate-limiting
step in the production of eicosanoids (Pruzanski and
Vadas, 1991). A group of enzymes, called phospholipase
A 2 (PLA2), is able to mobilize AA from the sn-2 position
of membrane phospholipids (Flower and Blackwell,
1976; Irvine, 1982). At present, there are five well-
described mammalian calcium-dependant PLA2 en-
zymes. These include four -14 kDa secretory PLA2s
(sPLA2) and an 85 kDa cytosolic PLA2 (cPLA2) (re-
viewed by Clark et al., 1995; Leslie, 1997; Tischfield,
1997). The sPLA2s share homology to each other
whereas cPLA2 shares no homology with other known
PLA2 enzymes. Further, cPLA2 is the only well charac-
terized PLA2 enzyme that preferentially hydrolyzes
sn-2 AA. Female mice deficient in cPLA2 (“knock-out”)
become pregnant less frequently and have a signifi-
cantly decreased litter size that might be due to a defect
in blastocyst implantation (Bonventre et al., 1997)
related to the requirement for prostaglandin (PG) syn-
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thesis for implantation (Kennedy, 1990; Smith, 1991).
Although it might have a role in implantation by
regulating PG synthesis, nothing is known about cPLA2

gene expression in the uterus during implantation.
Previously, it has been shown that epidermal growth

factor (EGF) modulates PG production in cultured
endometrial stromal  cells, increasing PG production in
cells isolated from mice, human, and pig uteri (Ishihara
et al., 1990; Paria et al., 1991; Zhang et al., 1992). We
have previously found that EGF causes transcription-
and translation-dependent increases in prostaglandin
(PG) production in rat endometrial stromal  cells iso-
lated from rat uteri sensitized for decidualization (Bany
and Kennedy, 1995). Although EGF increased the ex-
pression of cyclooxygenase-1 and -2 (Bany and Kennedy,
1997),  cyclooxygenase activity was not the rate-limiting
step for prostaglandin E 2 production in these cells.
Thus, since the rate-limiting step in PG production is
presumably the mobilization of AA from cellular stores,
the purpose of the present study was to determine if
these rat endometrial stromal  cells express cPLA2

mRNA and protein and whether EGF regulates their
levels.

MATERIALS AND METHODS
Animals

Female Harlan Sprague-Dawley rats (200-225 g)
(Harlan Sprague-Dawley Inc., Indianapolis, IN) were
housed under temperature- and light-controlled condi-
tions (lights on from 0500 to 1900 hr) with free access to
food and water. The animals were ovariectomized un-
der diethyl ether (BDH Inc., Toronto, Ontario, Canada)
anesthesia and allowed at least 5 days to recover. To
obtain rats with uteri sensitized for decidualization,
estradiol and progesterone in sesame oil (Sigma Chemi-
cal Company, St. Louis, MO) were administered subcu-
taneously as described elsewhere (Bany and Kennedy,
1995).
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Endometrial Stromal Cell Isolation
Endometrial stromal  cells were obtained from the

sensitized uteri and plated in 24-well plates (Becton-
Dickson, Lincoln Park, NJ) either with or without
plastic Thermanox” coverslips (Nunc  Inc., Naperville,
IL) as described elsewhere (Bany and Kennedy, 1995,
1997). The resulting cultures of attached cells were free
of contaminating epithelial-type cells as indicated by
the absence of positively-staining cells for cytokeratin
by immunocytochemistry (data not shown).

After incubation in serum-free medium (DMEM:Fl2
supplemented with 100 units/ml penicillin, 100 µg/ml
streptomycin and 1.25 µg/ml fungizone; Gibco BRL,
Burlington, Ontario, Canada) for 48 hr, the cells were
incubated with or without 40 ng/ml  EGF (Gibco BRL)
for 24 hr in serum-free medium. Under control condi-
tions, the cells undergo decidualization as indicated by
increased alkaline phosphatase activity (Bany et al.,
1998), expression of urokinase-type plasminogen activa-
tor (Zhang et al., 1996) and other components of the
tissue remodeling cascade (Nuttall  and Kennedy, 1998).
The treatment with EGF has been previously deter-
mined to provide the best and most consistent stimula-
tion of PG production (Bany and Kennedy, 1995). At the
end of the 24 hr incubation period, the cells were
washed with Dulbecco’s phosphate buffered saline
(Gibco BRL) and harvested.

Northern Blot Preparation and Hybridization
The cells were lysed into RNA isolation buffer (4 M

guanidium thiocyanate, 5% ß-mercaptoethanol, 0.5%
sodium lauryl sarcosinate, 25 mM sodium citrate pH 7,
0.1% antifoam  A; Sigma). Total RNA was then isolated
using a previously described method (Chomczynski and
Sacchi, 1987). Northern blots containing samples of

 total RNA (10 µg/lane) were prepared as previously
described (Bany and Kennedy, 1997). The membranes
were prehybridized for 3 hr in buffer containing 1 M
NaCl,  50 mM Tris, 2.2 mM sodium pyrophosphate, 1%
sodium dodecyl sulfate (SDS; Sigma), 10X  Denhardt’s
reagent (Sambrook et al., 1989),  pH 7.5 at 65°C for 2 hr.
The cPLA2 probe (20 ng) was prepared as described
below and labeled by the random priming technique in
the presence of 32P-dCTP (Amersham) using Random
Primer Kit (Gibco). Hybridization was carried out at
65°C for 18 hr followed by two washes with 2X SSC
(0.03 M sodium citrate, 0.3 M NaCl,  pH 7)-l% SDS for 5
min, one wash in 1X SSC-1% SDS at 65°C for 20 min
and then 2 washes in 0.1 x SSC-0.1% SDS for 15 min.
The membranes were then analyzed using phosphorim-
aging screens and a phosphorimager (Molecular Dynam-
ics, Sunnyvale, CA). Membranes were stripped of hy-
bridized probe by immersion in 1 mM Tris, 1 mM EDTA,
0.1X Denhardt’s reagent, pH 8, for 2 hr at 75°C. Next,
they were probed with a cDNA for mouse 18S ribosomal
RNA (rRNA)  (generous gift from Dr. Dylan Edwards,
University of East Anglia, Norwich), labeled as above,
in order to determine the relative amounts of RNA
loaded into each lane and transferred to the mem-

branes. The relative level of cPLA2 messenger RNA
(mRNA) was determined by image analysis using Imag-
eQuaNT Software (Molecular Dynamics) and the re-
sults were expressed as the ratio of cPLA2 mRNA
signals to 18S rRNA signals.

cDNA of rat cPLA2 was prepared by reverse transcrip-
tion-polymerase chain reaction (RT-PCR). Rat kidney
mRNA (2.5-5 µg total RNA) was reverse transcribed
using Superscript Reverse Transcriptase (Gibco BRL)
and the downstream PCR primer (discussed later in
this article) by the manufacturer’s recommended
method. One-tenth of the reverse transcribed cDNA
was then subjected to PCR in a final volume of 50 µl.
The PCR reaction contained lX reaction buffer, 0.2 mM
dNTPs  (dCTP,  dGTP,  dATP and dTTP),  1.5 mM MgCl 2,
0.1 µM of each primer (5’-GACGTGTCAGAGCTGAT-
GTT-3’; 5’-GAGACAGTGGATACGATGTG-3’)  and 1
unit of Taq polymerase (Gibco BRL). The samples were
subjected to 35 cycles of annealing (60°C, 1 min),
extension (72°C, 2 min) and melting (94°C, 1 min) in a
thermocycler (Perkin-Elmer Cetus Instruments). The
resulting 508 base pair PCR product representing
nucleotides 1181-1688 of the rat cPLA2 gene was
isolated using DEAE cellulose paper after 1.5% agarose
gel electrophoresis as described previously (Sambrook
et al., 1989).

Methods similar to that of Kovalic et al. (1991) were
used to prepare a vector for directly cloning the cPLA2

RT-PCR product. Briefly, partially complementary 36-
mers were synthesized (5’-AATTCCCATGGATAA-
CATGGCCAACAAAACCATGGG-3’ and 5’-AATTC-
CCATGGTTTTGTTGGCCATGTTATCCATGGG-3’).  They
were annealed and ligated to an EcoRI-digested pBlue-
script plasmid  (Stratagene, Mississauga, Ontario,
Canada). This vector was then digested with XcmI
(New England Biotech, Mississauga, Ontario, Canada)
yielding a linearized vector with single unpaired termi-
nal 3’-deoxythymidylate residues. The cPLA2 RT-PCR
product was then directly cloned into the XcmI site
using T4 DNA ligase (Gibco BRL) as previously de-
scribed (Sambrook et al., 1989). The cloned RT-PCR
product was then sequenced for verification at the
University of Calgary DNA Services (Calgary, Alberta,
Canada).

Western Blots
Cells were washed with PBS, scraped into boiling

lysis buffer (1% SDS, 10 mM Tris, pH 7.4) and trans-
ferred into 1.5 ml microfuge tubes (VWR-Canlab, Mis-
sissauga, Ontario, Canada). After placing the tubes in
boiling water for 5 min, protein concentrations in the
samples were determined using the Bio-Rad DC Pro-
tein Assay (Bio-Rad Laboratories, Mississauga, On- 
tario, Canada). Samples (50 µg) and prestained Rain-
bow Molecular Mass Markers (Amersham, Oakville,
Ontario, Canada) were subjected to 10% SDS-polyacryl-
amide gel electrophoresis under reducing conditions
(Laemmli, 1970), and then transferred to Immobi-
l on TM-P  membranes (Millipore Corporation, Bedford,
MA) by electroblotting (Towbin  et al., 1979). The mem-



branes were placed in blocking buffer (5% nonfat dry
milk in TBS: 10 mM Tris, pH 7.5, 100 mM NaCl,  0.1%
Tween-20)  for 1 hr and then in blocking buffer contain-
ing affinity-purified anti-cPLA2 goat antibodies (0.2
µg/ml; Santa Cruz Biotechnology, Santa Cruz, CA) for 1
hr. After six 5 min washes in TBS, the membranes were
incubated with peroxidase-conjugated donkey anti-goat
IgG (80 ng/ml; Jackson ImmunoResearch Laboratories,
West Grove, PA) for 1 hr. After washing in TBS, cPLA2

was detected by enhanced chemiluminescence using an
Amersham-ECL Kit (Amersham). Densitometry was
carried out to determine changes in immunoreactive
cPLA2 protein levels.
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Immunocytochemistry
Cells grown on plastic coverslips were rinsed in

phosphate buffered saline (PBS; 0.01 M phosphate,
0.9% NaCl,  pH 7.4), fixed in ice-cold methanol (BDH)
for 5 min, air dried, then rehydrated in PBS. To quench
endogenous peroxidase activity, the cells were incu-
bated in 0.1% hydrogen peroxide in PBS for 5 min. Cells
were then blocked with PBS containing 5% normal
donkey serum (PBS-NDS) for 30 min at room tempera-
ture followed by an overnight incubation at 4°C with
affinity-purified goat antibodies against cPLA2 (0.1
µg/ml; Santa Cruz Biotechnology) in PBS-NDS. After
three 10 min washes in PBS the cells were incubated
with biotinylated donkey anti-goat IgG (1.8 µg/ml;
Jackson ImmunoResearch Laboratories) in PBS-NDS
for 1 hr, washed in PBS, then incubated with peroxidase-
conjugated streptavidin (1 µg/ml; Jackson ImmunoRe-
search Laboratories) in PBS for 30 min. After three 5
min washes in water, immunoreactive cPLA2 in the
cells was detected as a red color after incubation with
3-amino-9-ethyl-carbazole  (AEC Substrate Kit, Dimen-
sion Laboratories Inc., Mississauga, Ontario, Canada).
Special care was taken to ensure that all coverslips
were incubated with the substrate for exactly 20 min
followed by washing with PBS to stop the reaction. The
cells were then counterstained with hematoxylin. To
determine the specificity of the immuno-localization for
each antibody, some coverslips were incubated with
primary antibody preincubated for 2 hr at room tem-
perature with a IO-fold excess by weight of control
peptide  (the peptide  used to generate the antibodies).

Statistical Analysis
Analyses of variance were used to determine treat-

ment effects. All statistical analyses were carried out
using SAS statistical software (Cary, NC).

RESULTS
The effect of EGF on steady-state cPLA2 mRNA levels

and immunoreactive protein levels in the cells were
determined. As shown in Fig. 1A, cPLA2 mRNA was
detected as a single -3 kB band in samples from cells
treated without or with EGF. As determined by image
analysis of three independent samples from three sepa-
rate cultures, treatment with EGF (40 ng/ml) for 24 hr
significantly (P < 0.02) increased the cPLA2 mRNA:l8
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Fig. 1. Northern analysis of cytosolic phospholipase A 2 (cPLA2)
mRNA from rat endometrial stromal  cells cultured with vehicle (V) or
EGF (E; 40 ng/ml)  for 24 hr. (A) Results from one representative
experiment. (B)  Mean (±SEM, N = 3) ratio of mRNA/18S rRNA
signals, as determined by image analysis with the ratios for vehicle-
treated cells set to 1.

S ratio (Fig. 1B). As shown in Fig. 2A, a protein of
approximately 85 kDa was detected in both vehicle- and
EGF-treated cells by Western blot analysis. As deter-
mined by densitometry, EGF caused a significant (P <
0.004) increase in the intensity of the signal for cPLA2

protein compared to vehicle-treated cells (Fig. 2B).
When the anti-cPLA2 antibodies were preincubated
with control peptide,  no signal was detected on the
Western blots. Since EGF caused an increase in cPLA2

protein in the cells, the cells were subjected to cPLA2

immunocytochemistry. As shown in Fig. 3A, cPLA2

immunostaining was barely detectable in cells treated
with vehicle. The intensity of this staining was greater
in the cells treated with EGF (Fig. 3B). When the
anti-cPLA2 antibody was preincubated with control
peptide,  no immunostaining was detected (Fig. 3C).

DISCUSSION
The present study shows that EGF increases steady-

state mRNA and immunoreactive protein levels of
cPLA2 in cultured rat endometrial cells isolated from
uteri sensitized for decidualization. The increase in
steady-state cPLA2 mRNA levels in response to EGF
may have been due to increased transcription and/or
transcript stability. The increase in cPLA2 protein
appeared to occur in most cells as determined by
immunocytohemistry. Therefore the responses to EGF
are likely to have occurred in most of the cultured cells
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Fig. 2. Western analysis of cytosolic phospholipase A 2 (cPLA2)
proteins in rat endometrial stromal  cells cultured with vehicle (V) or
EGF (E; 40 ng/ml) for 24 hr. (A) Results from one representative
experiment (50 µg total protein/lane). (B) Mean (± SEM, N = 3)
density of immunoreactive protein signals, as determined by densitom-
etry.

as opposed to a small subpopulation of cells. Previous
work has shown that EGF increases PG production,
COX activity (Bany and Kennedy, 1995),  and COX gene
expression (Bany and Kennedy, 1997) in these rat
endometrial stromal  cells. The results of the present
study extend these findings, and suggest that EGFR
ligands may increase cPLA2 gene expression in these
cells. Notably, EGF is known to increase the synthesis
of cPLA2 in many cell types such as mesangial cells
(Maxwell et al., 1993) and embryonic fibroblasts
(Chepenik et al., 1994). In embryonic fibroblasts there
is a coordinated up-regulation of both cPLA2 and COX
expression in response to EGF.

Several observations suggest that ligands of EGFR
may be involved in modulating stromal  cell function in
the endometrium of rodents during implantation. First,
any EGFR ligands that are present in the endometrium
during implantation likely target primarily the stromal
cells since EGFR protein and mRNA  are present primar-
ily in the endometrial stroma and not in epithelium
during implantation in mice (Das et al., 1994a;  Tong et
al., 1996). Secondly, during the per&implantation pe-
riod the rodent endometrium produces several EGFR
ligands (Tamada  et al., 1991; Das et al., 1994b ,  1995;
Paria et al., 1994) that may act in an autocrine or
paracrine manner on stromal  cells. If this is the case,
the results of the present study support the notion that

Fig. 3. Photomicrographs of rat endometrial stromal cells immuno-
cytochemically stained with an antibody against cytosolic phospholi-
pase A 2 (cPLA2). Cells were cultured with vehicle (A) or EGF (B; 40
ng/ml)  for 24 hr. Preincubation with control peptide  (C) resulted in loss
of staining. Magnification = 400 X .

these EGFR ligands may modulate cPLA2 gene expres-
sion in endometrial stromal  cells during implantation.

PGs, particularly of the E-series, play an important
role in blastocyst implantation and decidualization
(reviewed by Kennedy, 1990; Smith, 1991). Inhibition of
endometrial PG production prevents or delays implan-
tation and decidualization in many species, including
mouse (Lau et al., 1973; Saksena et al., 1976; Holmes
and Gordashko, 1980),  rat (Gavin et al., 1974; Garg and
Chandhury, 1983; Wellstead et al., 1989), hamster
(Evans and Kennedy, 1978), rabbit (El-Banna, 1980;
Cao et al., 1985),  pig (Kraeling et al., 1985), and ferret
(Mead et al., 1988),  effects which can be prevented by
the administration of exogenous PGs (Lau et al., 1973;
Saksena et al., 1976; Oettel et al., 1979; Holmes and
Gordashko, 1980; Garg and Chandhury, 1983). Further,
PG levels are higher in the endometrium at implanta-
tion sites compared to interimplantation sites in many
species (Evans and Kennedy, 1978; Kennedy and Zamec-
nik, 1978; Sharma, 1979; Kennedy, 1983). Although
essential for implantation, the source and control of PG
biosynthesis in the endometrium during implantation
are not known. From the results of the present study, it
is tempting to speculate that that EGFR ligands may
play a role in controlling cPLA2 gene expression and
thus PG production in endometrial stromal cells during
implantation.

Although the regulation of cPLA2 activity and gene
expression has been studied in detail in other tissues,
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there is no such information for the uterus. Total PLA2

activity in the uterus appears to be under steroid
hormone control (Dey et al., 1982; Pakrasi et al., 1983;
Periwal et al., 1996). Further, general PLA 2 activity in
the uterus changes during early pregnancy. In the rat
uterus, general PLA2 activity is low on days 3-4 of
pregnancy (preimplantation)  but increases on days 5
(day of implantation) and 6 (Cox et al., 1982; Novaro et
al., 1996). Since PG levels increase in the endometrium
of the rat at sites of implantation (Kennedy, 1977;
Kennedy and Zamecnik, 1978; Pakrasi and Dey, 1982),
it is tempting to speculate that the increase in total
PLA2 activity in the uterus occurs at implantation sites.
The results of Moulton and Russell (1989) which show
there is a reduction of AA-containing phospholipids at
implantation compared to inter-implantation areas of
the uterus on day 6 of pregnancy supports this specula-
tion . Recent evidence suggests
role in blastocyst implantation

that cPLA2 plays a key
(Bonventre et al., 1997).

However, to our knowledge, the localization and tempo-
ral changes in the expression of cPLA2 and sPLA2 genes
in the uterus and embryo during the peri-implantation
period has not been studied. Clearly, more work in this
area is necessary.

CONCLUSION
The present study shows

crease in steady-state cPLA2

endometrial stromal  cells isol
tized for decidualization. The

that EGF causes an in-
mRNA  levels in cultured
ated from rat uteri sensi-
increase in cPLA2 mRNA

levels were accompanied by increases  in immunodetect-
able cPLA2 protein in the cells. This study provides
evidence that EGF induced increases in PG production
by rat endometrial stromal  cells may involve, at least in
part, modulation of cPLA2 gene expression.

ACKNOWLEDGMENTS
We thank Ms. H.E. Ross for technical assistance. The

Medical Research Council of Canada supported this
research by grant MT10414 (T.G.K.). The Lalor Founda-
tion also provided support in the form of a fellowship
(B.B.).

REFERENCES
Bany BM, Kennedy TG. 1995. Regulation by epidermal growth factor

of prostaglandin production and cyclooxygenase activity in sensi-
tized rat endometrial stromal  cells in vitro. J Reprod  Fertil 104:57-
62.

Bany BM, Kennedy TG. 1997. Regulation of cyclooxygenase gene
expression in rat endometrial stromal  cells: the role of epidermal
growth factor. Dev Genet 21: 109-115.

Bany BM, Zhang X, Kennedy TG. 1998. Effects of epidermal growth
factor and interleukin-la on plasminogen activator secretion and
decidualization in rat endometrial stromal  cells. Biol Reprod  59: 131-
135.

Bonventre JV, Huang Z, Taheri MR, O’Leary E, Li E, Moskowitz MA,
Sapirstein A. 1997. Reduced fertility and postischaemic brain injury
in mice deficient in cytosolic phospholipase A2. Nature 390:622-625.

Cao Z-D, Jones MA, Harper MJK. 1985. Progesterone and oestradiol
receptor concentration and translocation in uterine tissue of rabbits
treated with indomethacin. J Endocrinol 107: 197-203.

Chepenik KP, Diaz A, Jimenez SA. 1994. Epidermal growth factor
coordinately regulates the expression of prostaglandin G/H syn-

thase and cytosolic phospholipase A 2 genes in embryonic mouse
cells. J Biol Chem 269:21786-21792.

Chomczynski P, Sacchi N. 1987. Single-step method of RNA isolation
by acid guanidinium thiocyanate-phenol-chloroform extraction. Anal
Biochem 162: 156-159.

Clark JD, Schievella AR, Nalefski EA, Lin L-L. 1995. Cytosolic
phospholipase A 2.  J Lipid Mediat Cell Signal 12:83-117.

Cox C, Cheng HC, Dey SK. 1982. Phospholipase A 2 activity in the rat
uterus during early pregnancy. Prostaglandins Leukot Med 8:375-
381.

Das SK, Chakraborty I, Paria BC, Wang X-N, Plowman G, Dey SK.
1995. Amphiregulin  is an implantation-specific and progesterone-
regulated gene in the mouse uterus. Mol Endocrinol 9:691-705.

Das SK, Tsukamura H, Paria BC, Andrews GK, Dey SK. 1994a.
Differential expression of epidermal growth factor receptor (EGF-R)
gene and regulation of EGF-R bioactivity by progesterone and
estrogen in the adult mouse uterus. Endocrinology 134:971-981.

Das SK, Wang X-N, Paria BC, Damm D, Abraham JA, Klagsbrun M,
Andrews GK, Dey SK. 1994b. Heparin-binding EGF-like growth
factor gene is induced in the mouse uterus temporally by the
blastocyst solely at the site of its apposition: a possible ligand for
interaction with blastocyst EGF-receptor in implantation. Develop-
ment 120:1071-1083.

Dey SK, Hoversland RC, Johnson DC. 1982. PhospholipaseA2 activity
in the rat uterus: modulation by steroid hormones. Prostaglandins
23:619-630.

El-Banna AA. 1980. The degenerative effect on rabbit implantation
sites by indomethacin: I. Timing of indomethacin action, possible
effect on uterine proteins and the effect of replacement doses of
PGF2a. Prostaglandins 20:587-599.

Evans CA, Kennedy TG. 1978. The importance of prostaglandin
synthesis for the initiation of blastocyst implantation in the ham-
ster. J Reprod  Fertil 54:255-261.

Flower RJ, Blackwell GJ. 1976. The importance of phospholipase A 2 in
prostaglandin biosynthesis. Biochem Pharmacol 25:285-291.

Garg SK, Chandhury RR. 1983. Evidence for a possible role of
prostaglandins in implantation in rats. Arch Int Pharmacodyn
262:299-307.

Gavin MA, Dominguez Fernandez-Tejerina JC, Montañes de las Heras
MF, Vijil Maeso E. 1974. Efectos de un inhibidor de la biosintesis de
las prostaglandinas (indometacina) sobre la implantation  en la rata.
Reproduction  1:177-183.

Holmes PV, Gordashko BJ. 1980. Evidence of prostaglandin involve-
ment in blastocyst implantation. J Embryo1 Exp Morphol 55:109-
122.

Irvine RF. 1982. How is the level of free arachidonic acid controlled in
mammalian cells? Biochem J 204:3-16.

Ishihara S, Taketani Y, Mizuno M. 1990. Effects of epidermal growth
factor (EGF) on prostaglandin E2 synthesis by cultured human
endometrial cells. Nippon Sanka Fujinka Gakkai Zasshi 42:1317-
1322.

Kennedy TG. 1977. Evidence for a role for prostaglandins in the
initiation of blastocyst implantation in the rat. Biol Reprod  16:286-
291.

Kennedy TG. 1983. Embryonic signals and the initiation of implanta-
tion. Aust J Biol Sci 36:531-543.

Kennedy TG. 1990. Eicosanoids and blastocyst implantation. In:
Mitchell MD, editor. Eicosanoids in reproduction. Boca  Raton:  CRC
Press. p 123-138.

Kennedy TG, Zamecnik J. 1978. The concentration of 6-keto-
prostaglandin F1a, is markedly elevated at the site of blastocyst
implantation in the rat. Prostaglandins 16:599-605.

Kovalic D, Kwak J-H, Weisblum B. 1991. General method for direct
cloning of DNA fragments generated by the polymerase chain
reaction. Nucleic Acid Res 19:4560.

Kraeling RR, Rampacek GB, Fiorello NA. 1985. Inhibition of preg-
nancy with indomethacin in mature gilts and prepubertal gilts
induced to ovulate. Biol Reprod  32: 105-110.

Laemmli UK. 1970. Cleavage of structural proteins during the assem-
bly of the head of bacteriophage T4. Nature 227:680-685.

Lau IF, Saksena SK, Chang MC. 1973. Pregnancy blockade by



340 B.M. BANY ET AL.

indomethacin, an inhibitor of prostaglandin synthesis: its reversal
by prostaglandins and progesterone in mice. Prostaglandins 4:795-
803.

Leslie C. 1997. Properties and regulation of cytosolic phospholipase A2.
J Biol Chem 272:16709-16712.

Maxwell AP, Goldberg HJ, Tay AH-N, Li Z-G, Arbus GS, Skorecki KL.
1993. Epidermal growth factor and phorbol myristate acetate
increase expression of the mRNA  for cytosolic phospholipase A 2 in
glomerular mesangial cells. Biochem J 295:763-766.

Mead RA, Bremner S, Murphy BD. 1988. Changes in endometrial
vascular permeability during the periimplantation period in the
ferret (Mustela putorius). J Reprod  Fertil 82:293-298.

Moulton BC, Russell PT. 1989. Arachidonic acid in uterine phospho-
lipid during early pregnancy and following hormone treatment. Biol
Reprod  41:821-826.

Novaro V, Rettori  V, Gonzalez ET, Jawerbaum A, Faletti A, Canteros
G, de Gimeno MAF. 1996. Interaction between uterine PGE and
PGF2a production and the nitridergic system during embryonic
implantation in the rat. Prostaglandins 51:363-376.

Nuttall  RK, Kennedy TG. 1998. Gelatinases A and B and tissue
inhibitors of metalloproteinases 1,2 and 3 during in vivo and in vitro
decidualization of rat endometrial stromal  cells. Biol Reprod  60:in
press.

Oettel M, Koch M, Kurischko A, Schubert K. 1979. A direct evidence
for the involvement of prostaglandin F 2 a  in the first step of estrone-
induced blastocyst implantation in the spayed rat. Steroids 33:1-8.

Pakrasi PL, Cheng HC, Dey SK. 1983. Prostaglandins in the uterus:
modulation by steroid hormones. Prostaglandins 26:991-1009.

Pakrasi PL, Dey SK. 1982. Blastocyst is the source of prostaglandins
in the implantation site in the rabbit. Prostaglandins 24:73-77.

Paria BC, Das SK, Gupta A, Dey SK. 1991. Reversal of indomethacin-
induced inhibition of implantation in the mouse by epidermal
growth factor. Prostaglandins 42:191-199.

Paria BC, Das SK, Huet-Hudson YM, Dey SK. 1994. Distribution of
transforming growth factor a precursors in the mouse uterus during
the periimplantation period and after steroid hormone treatments.
Biol Reprod  50:481-491.

Periwal SB, Farooq A, Bhargava VL, Bhatla N, Vij U, Murugesan K.
1996. Effect of hormones and antihormones on phospholipase A 2

activity in human endometrial stromal  cells. Prostaglandins 51: 191-
201.

Pruzanski W, Vadas P. 1991. Phospholipase A2-mediator between
proximal and distal effectors in inflammation. Immunol Today
12: 143-146.

Saksena SK, Lau IF, Chang MC. 1976. Relationship between oestro-
gen, prostaglandin F 2 a, and histamine in delayed implantation in
the mouse. Acta  Endocrinol 81:801-807.

Sambrook  K, Fritsch EF, Maniatis T. 1989. Molecular cloning: a
laboratory manual. New York: Cold Spring Harbor Press.

Sharma SC. 1979. Temporal changes in PGE, PGF,, oestradiol 17ß
and progesterone in uterine venous plasma and endometrium of
rabbits during early pregnancy. In: Crastes de Paulet A, Thaler-Dao
H, Dray F, editors. Les colloques  de l’inserm prostaglandines et
physiologie de la reproduction. Paris: INSERM. p 243-264.

Smith SK. 1991. The role of prostaglandins in implantation. Baillières
Clin Obstet Gynaec 5:73-94.

Tamada  H, Das SK, Andrews GK, Dey SK. 1991. Cell-type-specific
expression of transforming growth factor-a in the mouse uterus
during the peri-implantation  period. Biol Reprod  45:365-372.

Tischfield JA. 1997. A reassessment of the low molecular weight
phospholipase A 2 gene family in mammals. J Biol Chem 272:17247-
17250.

Tong BJ, Das SK, Threadgill D, Magnuson T, Dey SK. 1996. Differen-
tial expression of the full-length and truncated forms of the epider-
ma1 growth factor receptor in the preimplantation mouse uterus and
blastocyst. Endocrinology 137:1492-1496.

Towbin  H, Staehelin T, Gordon J. 1979. Electrophoretic transfer of
proteins from polyacrylamide gels to nitrocellulose sheets: proce-
dures and some applications. Proc  Nat1  Acad Sci USA 76:4350-4354.

Wellstead JR, Bruce NW, Rahima A. 1989. Effects of indomethacin on
spacing of conceptuses within the uterine horn and on fetal and
placental growth in the rat. Anat Rec 225:101-105.

Zhang Z, Krause M, Davis DL. 1992. Epidermal growth factor
receptors in porcine endometrium: binding characteristics and the
regulation of prostaglandin E and F2a production. Biol Reprod
46:932-936.

Zhang X, Shu MA, Ross HE, Kennedy TG. 1996. Regulation of
plasminogen activator in rat endometrial stromal  cells: the role of
prostaglandin E2. Biol Reprod  55:493-497.


