pharmaceutics articles

Expression of Cyclooxygenase Isoforms in Developing
Rat Placenta, Human Term Placenta, and BeWo Human
Trophoblast Model

Yan Xu, Gregory T. Knipp, and Thomas J. Cook*

Department of Pharmaceutics, Ernest Mario School of Pharmacy,
Rutgers, The State Urersity of New Jersey, Piscataway, New Jersey 08854-8020

Received June 13, 2005

Abstract: Cyclooxygenase (COX) catalyzes the rate-limiting step in the conversion of essential
fatty acids (EFAs) to bioactive molecules such as prostaglandins (PGs), which play critical roles
in many aspects of female reproduction and in fetal development. There are two primary related
COX isoforms, the constitutively expressed COX-1 and the inducible COX-2. Although the
expression of COX-1 and COX-2 has been demonstrated in the amnion, chorion, and decidua,
relatively little information exists with regard to their expression and physiological function in
the placenta during gestation. In this study, we have elucidated the spatial and temporal patterns
of COX-1 and COX-2 expression in the labyrinthine and junctional zones of the developing rat
placenta, in the human term placenta, and in the BeWo human trophoblast model using
semiquantitative RT-PCR, Western blot, and immunohistochemical analyses. The mRNA and
protein expression of COX-1 and COX-2 were demonstrated in the developing rat placenta
with increasing expression observed toward parturition. COX-2 exhibited greater expression
than COX-1 after mid-gestation and had a corresponding shift in spatial expression from the
labyrinthine to the junctional zone at term. COX-1 and -2 were also expressed in human term
placenta, while BeWo cells exhibited moderate expression of COX-1 and weak expression of
COX-2. The results demonstrate that COX-1 and COX-2 are expressed in the rat and human
placentas. The differential expression patterns in the rat placenta, especially of COX-2, imply
that there may be gestational changes in the biosynthesis of PGs and other potential bioactive
EFA metabolites. Establishing the expression of the COX isoforms provides a framework for
future investigations into the functional and physiological significance of COX-1 and COX-2 in
the placenta, particularly with respect to influencing normal pregnancy and fetal development,
and to provide insights into therapeutic utilization of COX inhibitors in pregnancy.
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1. Introduction (EPA), and other essential fatty acids (EFAs) to biologically

Cyclooxygenases (COXs), also known as prostaglandin active prostanoids including thromboxang (AXA ), pros-

G/H synthases (PGHs), are key membrane bound enzymedacyclins, and vaii_aus prostaglandins (PGs: RGRGE,
responsible for catalyzing the rate-limiting step in the PGPw PGh, etc.):™* The metabolites formed by the COX

conversion of arachidonic acid (AA), eicosapentaenoic acid
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isoforms, in particular PGs, are well-known as mediators of subsequent effects on fetal developm&nt® This situation
many cellular processes and also participate in some physi-is becoming increasingly more important given the extensive
ological and pathological conditions including the regulation use of nonsteroidal antiinflammatory drugs (NSAIDs), which
of several female reproductive events that are associated withare COX-1 and/or COX-2 inhibitors, and the potential effects
pregnancy: ovulation, implantation, decidualization, placen- on the fetus, particularly with recent reports of cardiotoxicity
tal blood flow, and the initiation and progression of labct. for some COX-2 selective inhibitof8.For example, several
In addition, these bioactive compounds may have significant human case reports documented impaired fertility in females
effects on fetal development, e.g., high circulating PG levels who are administered NSAIDS,1° as well as an increased
in the fetus might influence fetal endocrine, respiratory, and risk of a number of neonatal complications such as necro-
cardiovascular functionsSince little or no COX expression  tizing enterocolitis, intracranial hemorrhage, persistent pul-
was observed in fetal tissue until mid- to late-gestation, PGs monary hypertension, and renal dysfunctt8at
derived from the placenta have been suggested to play critical In order to establish a framework for investigating the roles
roles in guiding proper fetal organogenesis and developfnent. of COX isoforms in the placenta and the potential impact
The two main COX isoforms that have been widely on fetal development and toxicity, we identified the spatial
studied, COX-1 and COX-2, are encoded by two separateand temporal expression patterns of COX-1 and COX-2 in
genes and exhibit distinct cell-specific expression, regulation, the developing rat placenta, in the human term placenta, and
and subcellular localization, yet share similar structural and in the BeWo human trophoblast model utilizing RT-PCR,
kinetic propertieg-# COX-1 is a constitutively expressed Western blot, and immunohistochemical analyses. The rat
enzyme and is associated with the endoplasmic reticulumplacenta has been widely used as a model to study placental
(ER) where the resulting metabolites function via G protein development because of the short estrus cycle and defined
coupled cell surface receptors to mediate “housekeeping” gestation period. It has two developing stages, choriovitelline
functions?~# In contrast, the COX-2 isoform appears to be and chorioallantoic placenta, which represent the early and
more actively regulated. COX-2 messenger RNA (MRNA)
and protein levels are normally low, but are rapidly induced (12) Gibb, W.; Sun, M. Localization of prostaglandin H synthase type

in a variety of cell types by proinflammatory or mitogenic 2 protein and mRNA in term human fetal membranes and
agentg3 deciduasJ. Endocrinol.1996 150, 497-503.

. . (13) Freed, K. A.; Aitken, M. A.; Brennecke, S. P.; Rice, G. E.
Although several studies have demonstrated the existence Prostaglandin G/H synthase-1 messenger RNA relative abundance

of abundant COX-1 and COX-2 mRNA and protein expres- in human amnion, choriodecidua and placenta before, during and
sion in the human amnion, chorion, and, to a less extent, after spontaneous-onset labour at te@ynecol. Obstet. west
the decidu&;®1%12 relatively little information exists with 1995, 39, 73-78.

regard to their expression in the developing placenta and their(14) Macchia, L.; Di Paola, R.; Guerrese, M. C.; Chiechi, L. M.; Tursi,
A.; Caiaffa, M. F.; Haeggstrom, J. Z. Expression of prostaglandin

endoperoxide H synthase 1 and 2 in human placenta at term.
(3) Morita, I. Distinct functions of COX-1 and COX-Prostaglandins Biochem. Biophys. Res. Commuad®997, 233 496-501.
Other Lipid Mediators2002 68—69, 165-175. (15) Wetzka, B.; Nusing, R.; Charnock-Jones, D. S.; Schafer, W.;
(4) Smith, W. L.; DeWitt, D. L.; Garavito, R. M. Cyclooxygenases: Zahradnik, H. P.; Smith, S. K. Cyclooxygenase-1 and in
structural, cellular, and molecular biologgnnu. Re. Biochem. human placenta and placental bed after normal and pre-eclamptic
2000 69, 145-182. pregnanciesHum. Reprod1997, 12, 2313-2320.
(5) Challis, J. R. Prostaglandins and reproducttarat do knockouts (16) Mamdani, M.; Juurlink, D. N.; Lee, D. S.; Rochon, P. A.; Kopp,
really tell us?Nat. Med.1997, 3, 1326-1327. A.; Naglie, G.; Austin, P. C.; Laupacis, A.; Stukel, T. A. Cyclo-

(6) Kniss, D. A. Cyclooxygenases in reproductive medicine and
biology. J. Soc. Gynecol. est.1999 6, 285-292.

(7) Keelan, J. A.; Blumenstein, M.; Helliwell, R. J.; Sato, T. A,
Marvin, K. W.; Mitchell, M. D. Cytokines, prostaglandins and
parturition—a review.Placenta2003 24 (Suppl. A), S33-S46.

(8) Challis, J. R.; Sloboda, D. M.; Alfaidy, N.; Lye, S. J.; Gibb, W.;
Patel, F. A.; Whittle, W. L. Newnham, J. P. Prostaglandins and

oxygenase-2 inhibitors versus non-selective non-steroidal anti-
inflammatory drugs and congestive heart failure outcomes in
elderly patients: a population-based cohort studyncet2004,

363 1751-1756.
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Saldeen, S. S.; Khan, K. N. Expression of cyclooxygenase-2 in
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pregnancyBirth Defects Res., Part 2003 67, 54—58. anti-inflammatory drugsBr. J. Rheumatol1996 35, 458-462.
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1994 78, 1396-1402. Gynecol 2001, 184, 264-272.

482 MOLECULAR PHARMACEUTICS VOL. 2, NO. 6



COX Isoforms in the Rat and Human Placentas articles

middle—late stage of gestation, respectivélyzurthermore, 2.2. Animal Care and Tissue Collection.Sprague-
the rat chorioallantoic placenta begins differentiating into two Dawley rats (Hilltop Laboratory Animals, Scottdale, PA)
distinct zones from mid-gestation to parturition: the maternal- were housed in an environmentally controlled facility and
facing junctional zone that is characterized by maternal blood allowed free access to food and water. Timed pregnancies
vessels and is involved in the endocrine and invasive and tissue dissections were performed as previously de-
functions; and the adjacent, fetal-facing labyrinthine zone scribed?® The presence of a copulatory plug or sperm in the
that is predominantly responsible for materntdtal ex- vaginal smear was designated as day O of pregnancy. At
change and functions as the biological barrier for nutrient gestational days 13, 16, 19, and 21, rats were euthanized
and xenobiotic transport across the placenta. Of the threewith an intraperitoneal dose (50 mg/kg) of pentobarbital
common human placental cell lines (i.e., BeWo, JEG, and sodium. Upon sacrificing, the placentas, fetuses, maternal
JAR), we chose BeWo cells for our studies since they have liver, kidney, and other tissues were immediately isolated,
the ability to form confluent monolayers (unlike JEG and and the labyrinthine and junctional zones of the placenta were
JAR cells) and they have been used for xenobiotic transportdissected under a microscope. The tissues were then quickly
studiesz® 2" frozen in liquid nitrogen and then stored &80 °C until
Interest in specific and nonspecific COX inhibitors on further analysis. All animals were ethically and humanely
reproductive toxicity and teratogenicity of drug candidates handled in accordance with protocols approved by the
provides an impetus for conducting these studies. To the bestAnimal Care and Facilities Committee of Rutgers, The State

of our knowledge, this is the first study to examine the spatial

University of New Jersey.

and temporal expression of COX enzymes in the developing 2.3. Cell Culture. The BeWo human trophoblastic cell

placenta. The results of our study provide a foundation for
further investigation into the differential roles of COX-1 and

COX-2 in the placenta and their physiological significance,
particularly with respect to influencing normal pregnancy
and fetal development.

2. Materials and Methods
2.1. Reagents.TRIzol reagent and RT-PCR kits were
obtained from Life Technologies (Gaithersburg, MD). Re-

line, which was initiated from a malignant gestational
choriocarcinoma of a fetal placertawas obtained from
ATCC (American Type Culture Collection, Manassas, VA).
BeWo cells were maintained in Kaighn’s modification of
Ham’s F12 medium (F12-K) supplemented with 10% fetal
bovine serum (FBS), 100 units/mL penicillin, and 106/

mL streptomycin in an atmosphere of 95%-&i% CQ, at
37°C. Studies described were performed with cells80%
confluence under normal cell culture. All cells used in these

agents for gel electrophoresis and Western blot were studies were between passages 11 and 13.

purchased from either Bio-Rad (Hercules, CA) or the Pierce
Chemical Company (Rockford, IL). Gel extraction and
purification kits were obtained from Qiagen (Valencia, CA).
DAB immunohistochemical staining kits were obtained from

Zymed (South San Francisco, CA). Unless otherwise noted,

2.4. Semiquantitative RT-PCR and PCR Product
Sequencing.Total RNA isolation, RT-PCR, and gel elec-
trophoresis were performed as described previgtishth
optimized conditions and normalized fisactin expression
using gene-specific primers (Table 1). PCR reaction products

all other chemicals and reagents were purchased from Fisheiwere electrophoretically separated on a 1.5% agarose gel.

Scientific (Atlanta, GA).

(22) Soares, M. J. Molecular Mechanisms of Placental Development.
In Placental Function and Fetal NutritignNestle Nutrition
Workshop Series, Vol. 39; Battaglia, F. C., Ed.; Nestec Ltd.
Vevey/Lippincott-Raven Publishers: Philadelphia, PA, 1997; pp
31-45.

(23) Liu, F.; Soares, M. J.; Audus, K. L. Permeability properties of
monolayers of the human trophoblast cell line BeWan. J.
Physiol. 1997 273 C1596-C1604.

(24) Ushigome, F.; Takanaga, H.,; Matsuo, H.; Tsukimori, K.; Nakano,
H.; Ohtani, H.; Sawada Y. Uptake mechanism of valproic acid in
human placental choriocarcinoma cell line (BeW&ur. J.
Pharmacol.2001, 417, 169-176.

(25) Huang, S. N.; Swaan, P. W. Riboflavin uptake in human
trophoblast-derived BeWo cell monolayers: cellular translocation
and regulatory mechanismk.Pharmacol. Exp. TheR001, 298
264—-271.

(26) Ampasavate, C.; Chandorkar, G. A.; Vande Velde, D. G,
Stobaugh, J. F.; Audus, K. L. Transport and metabolism of opioid
peptides across BeWo cells, an in vitro model of the placental
barrier.Int. J. Pharm.2002 233 85—98.

(27) Rytting, E.; Audus, K. L. Novel organic cation transporter
2-mediated carnitine uptake in placental choriocarcinoma (BeWo)
cells.J. Pharmacol. Exp. The2005 312 192-198.

Ethidium bromide stained bands were visualized and the
resulting densitometry analysis was performed using a
NucleoTech 920 Image detection system (NucleoTech
Corporation, San Mateo, CA). The molecular weight for each
band was determined in reference to a 100 bp ladder (New
England Biolabs, Beverly, MA). Absence of contaminating
DNA in the final RNA preparations was confirmed in the
preliminary study by a PCR assay with input RNA as
template, omitting the reverse transcription step. RT-PCR
utilizing the nontemplate control was also performed to
ensure the specificity of the assay (data not shown). Further
confirmation of the identity of the amplified PCR sequences
was obtained by sequence analyses as previously des€ribed

(28) Soares, M. J. Developmental changes in the intraplacental
distribution of placental lactogen and alkaline phosphatase in the
rat. J. Reprod. Fertil.1987 79, 93—98.

(29) Pattillo, R. A.; Gey, G. O. The establishment of a cell line of
human hormone-synthesizing trophoblastic cells in vitancer
Res.1968 28, 1231-1236.

(30) Xu, Y.; Knipp, G. T.; Cook, T. J. Expression of CYP4A isoforms
in developing rat placenta and trophoblast cell modelacenta
2005 26, 218-225.
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Table 1. Gene-Specific Primer Sequences

target gene accession no.2 direction 5'—3' primer sequences product size (bp)

rCOX-1 NM_017043 forward CAT TCT GCC CTC TGT ACC CAA AGA 628
reverse GAG CTG GAG GAA ATA GCC ACT CAA

rCOX-2 NM_017232 forward CCA CTT CAA GGG AGT CTG GAA CAT 665
reverse TAT CAC ACACTC TGT TGT GCT CCC

rp-actin® NM_031144 forward ATC GTG GGC CGC CGC CCT AGG CA 244
reverse TGG CCT TAG GGT TCA GAG GGG

hCOX-1 NM_080691 forward AGC ATC TGG CTG TCT AGA ATG TGG 430
reverse CAA GGA TCC CAG CAG AAAGTC TCA

hCOX-2 AY_462100 forward ATG ATC TAC CCT CCT CAAGTC CCT 525
reverse TAC TTT CTG TAC TGC GGG TGG AAC

hg-actin BC_002409 forward GCC AAC CGC GAG AAG ATG ACC 303
reverse CTC CTT AAT GTC ACG CAC GAT TTC

aNCBI GenBank accession ID, as confirmed by BLAST sequence analysis. ? Primer sequences cited from ref 31.

by the DNA Sequencing and Synthesis Core Facility at formed as described previousiBriefly, the paraffin slides
UMDNJ Robert Wood Johnson Medical School (Piscataway, were deparaffinized with xylene and rehydrated in a graded
NJ). series of ethanol. The slides were then immersed in 3%
2.5. Western Blot AnalysesWhole cell protein fromthe ~ hydrogen peroxide to quench the endogenous peroxidase
rat placental tissue was homogenized and solubilized with activity. After being blocked with 10% nonimmune serum
protein lysate buffer (50 mM Tris-Cl buffer (pH 7.4), 150 for 30 min at room temperature, the slides were incubated
mM NacCl, 0.1% SDS, 1 mM EDTA, 1% Triton X-100, 0.5 with mouse monoclonal antibody raised against COX-1 or
mM PMSF, 2 mM DTT, 0.1% protease inhibitor cocktail) COX-2 diluted in PBS (1:100) containing 5% v/v nonim-
(Roche, Nutley, NJ) at 4C. After centrifugation at 35af mune serum overnight at*€. Subsequently, the slides were
for 20 min at 4°C, the supernatant lysates were collected incubated for 30 min at room temperature with a 1:100
and stored at-80 °C until utilized for analysis. The protein  dilution of biotinylated anti-goat secondary antibody (Zymed,
levels were measured by the BCA assay (Pierce ChemicalSouth San Francisco, CA) and visualized with the DAB
Company) according to the manufacturer’s protocol. Western chromatogen system. Negative controls were prepared by
blot analyses were performed as previous descibBdefly, incubating with nonimmune serum instead of anti-COX-1
30 ug of protein was loaded per lane and separated in 7.5%0r COX-2 antibody. Slides were observed under a Zeiss
SDS polyacrylamide gels under reducing conditions and microscope (Millor Optical, Philadelphia, PA) and recorded
electrophoretically transferred to PVDF membrane (Bio- With the Spot Insight System (Diagnostic Instruments,
Rad). The membranes were blocked with 5% nonfat milk, Sterling Heights, MI) at 632 magnification.
incubated with the appropriate mouse monoclonal primary 2.7. Data Analysis. All experiments were repeated a
antibody to COX-1 or COX-2 (Santa Cruz Biotechnology, Mminimum of three times. Data generated from RT-PCR were
Santa Cruz, CA) at a 1:1000 dilution, and then incubated quantitated by densitometry (Gel Expert software program,
with a 1:15000 dilution of HRP-conjugated secondary NucleoTech Corp., San Mateo, CA) and normalized to
antibodies (Pierce Chemical Company). The immunoblots 3-actin expression. All the data were presented as mgans
were visualized using the Supersignal Western Femo detec-standard deviation (SD) of at least three replicates. Statistical
tion kit (Pierce Chemical Company). The signals were significance relative to vehicle controls, shown in each figure,
detected and recorded by the NucleoTech 920 Imagewas determined using a one-way ANOVA followed by the
detection system (NucleoTech Corporation). To confirm Student-test, wherep values<0.05 were considered to be
equal loading, each PVDF membrane was stripped andstatistically significant.
analyzed for3-actin protein expression, demonstrating that
the band intensities had no significant change among the3. Results
samples studied. 3.1. mRNA and Protein Expression of COX Isoforms
2.6. Immunohistochemistry. Rat placental tissues were in Rat Developing Chorioallantoic Placenta. Distinct
frozen upon dissection, fixed in formaldehyde, and embeddedtemporal and spatial patterns of mRNA expression were
in paraffin wax prior to sectioning. Human term placental determined in the developing rat placenta for both the COX-1
slides were obtained from Maxim Biotech (South San and COX-2 genes, as illustrated in Figure i £ 3).
Francisco, CA). Immunohistochemical analysis was per- Sequencing analyses confirmed the specificity and accuracy
of the amplified products (100% identity, data not shown).
(31) Xu, Y.; Cook, T. J.: Knipp, G. T. Effects of di-(2-ethylhexyl)- Both CO)_( isoforms were detected throughout gest_ation in
phthalate (DEHP) and its metabolites on fatty acid homeostasis each region of the rat placenta. COX-1 expression was
regulating proteins in rat placental HRP-1 trophoblast cells. upregulated in both the labyrinthine and junctional zones
Toxicol. Sci.2005 84, 287—300. from gestational day 13 to day 21 and had statistical
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Figure 1. Expression of COX-1 and COX-2 mRNA in rat
placenta during gestation. mMRNA from developing rat placen-
tal tissue was analyzed by RT-PCR to show the spatial and
temporal expression patterns of COX-1 and COX-2. (A)
Representative RT-PCR gel electrophoresis image. The
signals exhibited expected products masses, as compared
to a 100 bp molecular ladder. Lanes A—H: RNA from rat
placenta of gestational days 13, 16, 19, and 21 (L, labyrinthine
zone; J, junctional zone). Lane I: RNA from rat kidney as
positive control. Lane MW: 100 bp molecular weight ladder.
(B) Densitometric analysis of the RT-PCR gel image. Data
shown were relative arbitrary values after normalization with
p-actin (means + SD, n = 3). Statistical analysis was
performed for COX-1/-2 gene expression at gestational days
16, 19, and 21 compared to day 13 at respective labyrinthine
or junctional zone. (*) p < 0.05. (**) p < 0.01.

significance p < 0.05) except at day 19. In addition, COX-1

A B C D E
COX-1(70KDa) | s A— i — g—
)
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e e ‘ —
B - actin{42KDa) h —— e T ——
L J L J
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Figure 2. Western blot of COX-1 and COX-2 protein in rat
placenta during gestation. Whole protein from developing rat
placental tissue was analyzed by Western blot to show the
temporal and spatial expression patterns of COX-1 and COX-
2. Mouse monoclonal antibodies to COX-1 and COX-2 were
used under optimized conditions. (-Actin expression was
determined to control for unequal loading. The signals
exhibited expected protein molecular masses: COX-1, ~70
kDa; COX-2, ~74 kDa. Lanes A—D: protein from rat placenta
of gestational days 13 and 21 (L, labyrinthine zone; J,
junctional zone.) Lane E: protein from rat kidney as positive
control.

to parturition at days 19 and 2p < 0.01). In contrast to

the observations for COX-1 at the same gestational age, there
was an apparent shift in the spatial expression of COX-2
from the labyrinthine zone to the junctional zone as gestation
progressed.

Western blot analysis was utilized to ascertain whether
the protein expression of the COX isoforms correlated with
the mRNA expression data (Figure 2). COX-1 and COX-2
protein levels were determined in the rat developing placental
tissue, demonstrating a pattern that was consistent with
observations made with the mRNA expression. COX-1
protein expression in the labyrinthine zone near parturition
at day 21 was higher than that in mid-gestation at day 13,
while its expression in the junctional zone did not exhibit
any substantial gestational difference. The protein expression
of COX-2 increased at day 21 in both the junctional zone
and the labyrinthine zone compared to that at day 13, with
the induction levels being slightly higher in the junctional
zone.

3.2. Immunohistochemical Localization of COX Iso-
forms in Rat Developmental Tissue SectionsParaffin

was preferentially expressed in the labyrinthine zone at mid- tissue slides from the developing rat placenta at days 13,
term pregnancy and there was no obvious change in spatiall6, 19, and 21 were used to determine the spatial patterns
expression. Although normalized COX-2 mRNA expression of COX-1 and COX-2 expression. Immunohistochemical
was higher when compared with COX-1 from mid-gestation analyses demonstrated the presence of COX-1 and COX-2
(p < 0.05), the change in expression levels with gestational in both the labyrinthine and junctional zones from mid- to
advancement was similar to that for COX-1. In the labyrin- late-gestation (Figures 3 and 4), supporting the mRNA and
thine zone, COX-2 expression reached a peak at days 16protein expression data.

and 19 and then slightly decreased at day 21. In the junctional COX-1 was localized to the syncytiotrophoblasts in the
zone, the highest level of COX-2 mRNA was observed close labyrinthine zones, and the trophoblast giant cells in both
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Figure 3. Immunohistochemical staining of COX-1 in the developing rat placenta. The slides were blocked with 10% nonimmune
serum, incubated with a mouse monoclonal antibody raised against COX-1 followed by biotinylated anti-mouse secondary antibody,
and visualized with the DAB chromatogen system. Negative controls were incubated with nonimmune serum instead of specific
anti-COX-1 antibody. The photos were taken with a Zeiss microscope and recorded with the Spot Insight System (630x)
(magnification bar, 5 um). (A) Labyrinthine zone: A1, control; A2, day 13; A3, day 16; A4, day 19; A5, day 21. (B) Junctional
zone: B1, control; B2, day 13; B3, day 16; B4, day 19; B5, day 21. Arrows with solid heads: syncytiotrophoblasts. Normal
arrows: trophoblastic giant cells.

the labyrinthine and junctional zones (Figure 3). Similar detected in the smooth muscle cells and endothelial cells of
cellular distribution and localization was observed for COX-2 maternal/fetal blood vessels in each region of the rat placenta,
(Figure 4). Consistent with the RT-PCR and Western blot with COX-2 intensity increasing slightly at later gestation
results, immunohistochemical staining for COX-2 at mid- (data not shown).

gestational day 13 in both the junctional and labyrinthine  3.3. mRNA Expression of COX Isoforms in Human
zones appeared weaker than that of later gestational ages oferm Placenta and BeWo Trophoblast Model.Human

day 19 and day 21 (Figure 4). COX-1 and COX-2 were also term placenta tissue and the BeWo human choriocarcinoma

486 MOLECULAR PHARMACEUTICS VOL. 2, NO. 6
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Figure 4. Immunohistochemical staining of COX-2 in the developing rat placenta. The slides were blocked with 10% nonimmune
serum, incubated with a mouse monoclonal antibody raised against COX-2 followed by biotinylated anti-mouse secondary antibody,
and visualized with the DAB chromatogen system. Negative controls were incubated with nonimmune serum instead of specific
anti-COX-2 antibody. The photos were taken with a Zeiss microscope and recorded with the Spot Insight System (630x)
(magnification bar, 5 um). (A) Labyrinthine zone: A1, control; A2, day 13; A3, day 16; A4, day 19; A5, day 21. (B) Junctional
zone: B1, control; B2, day 13; B3, day 16; B4, day 19; B5, day 21. Arrows with solid heads: syncytiotrophoblasts. Normal
arrows: trophoblastic giant cells.

cells were also evaluated for their expression of COX-1 and 5). BeWo cells demonstrated moderate expression of COX-
COX-2. Sequencing analyses of the amplified products were 1, whereas COX-2 expression appeared to be significantly
performed and 100% identity was confirmed for both COX weaker (Figure 5), suggesting a lack of induction of COX-2
isoforms (data not shown). under our normal culture conditions, where BeWo cells grew
COX-1 and COX-2 mRNAs were both detected in the with cytotrophoblast-like features without induced dif-
human term placenta, with the normalized intensity of ferentiation. Further differentiation, which exhibits charac-
COX-1 appearing to be stronger than that of COX-2 (Figure teristics similar to the fusion of cytotrophoblasts to syncytial
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except for delayed parturition, which suggests that COX-1
is required for normal onset and progression of term labor,
and cannot be compensated for by unimpaired COX-2
activity 33

The present study utilizes RT-PCR and Western blot
analysis data to determine the expression of COX-1 and
COX-2 in the developing rat placenta from mid- to late-
gestation, days 1321, as illustrated in Figures 1 and 2. In
addition, cellular localization was accomplished by immu-
nohistochemical staining of the respective tissue slides
(Figures 3 and 4). COX-1 and COX-2 were detected in all
of the samples investigated. The level of COX-2 expression
increased as gestation progressed, which was consistent with
previous studies demonstrating that human COX-2 expres-
sion increased significantly toward the end of gestation and

COX-1(430bp)

COX-2(525bp)

B - actin(303bp)

Term Placenta Bewo Kidney

Figure 5. Expression of COX-1 and COX-2 mRNA in human may contribute to the mechanisms of pregnancy maintenance
term placenta and BeWo trophoblastic cell line. RT-PCR and labor initiatiorf:8113 |t is well established that PGs
analyses of COX-1 and COX-2 mRNA in human term placenta play a critical role in regulating labor onset including the
tissue and BeWo trophoblast model using isoform-specific induction of myometrial contractility, the regulation of

primers and S-actin primers were performed. RT-PCR prod-
ucts were separated in 1.5% agarose gels and stained with
ethidium bromide. Lane A: human term placenta. Lane B:
BeWo cell. Lane C: human kidney cDNA as positive control.
Lane MW: 100 bp molecular weight ladder.

changes in extracellular matrix metabolism associated with
cervical ripening during parturitioh® fetal adaptation to the
labor process, and maintenance of uterine and placental blood
flow.® Alterations in these processes might influence preg-
nancy outcome and, as a result, may provide potential targets

trophoblasts in primary culture, has to be induced by specific OF therapeutic intervention. _ _
reagents, such as growth factors, methotrexate, cyclic AMp OUr results also demonstrate that the spatial expression
analogues, or forskolin, an adenylate cyclase stimufdtor. ©Of COX-2 intensity shifts from the labyrinthine zone to the
3.4. Immunohistochemical Localization of COX Iso- maternal-invasive junctional zone with the advance of
forms in the Human Term Placenta.Immunohistochemical ~ Pregnancy (Figures 1, 2, and 4). This shift corresponds with
analysis with the specific anti-COX-1 and COX-2 mono- preyious studies that.suggest that PG b.iosynthesis in the
clonal antibodies in human term placental tissue demon- décidua at late-gestation regulates parturitioand thus, a
strated the presence of both COX isoforms. In Figure 6, the shorter transfer to the myometrium enhances the significance

staining for COX-1 and COX-2 appeared to be localized of their biological effects. It has been demonstrated that

primarily to the syncytiotrophoblast layer (syncytial knots) Placental-derived PGs reached the site 2f action through a
in the villi, although the capillary endothelium in the Predominantly passive diffusion process; and that there
connective tissue space within the villi also exhibited the Was an increased rate of PG transfer post spontaneous labor

immunostaining. In the slides studied, cytotrophoblasts, induction® It should be noted that the COX-2 mRNA
precursor cells that help to form the syncytium in humans, €XPression in the junctional zone was lower than that

were inconspicuous and only had faint staining of the COx ©Pbserved in the labyrinthine zone at day 13; however, the
proteins. labyrinthine zone had a lower amount of the COX-2 protein

compared to the junctional zone. Such a discrepancy cannot
be explained from our present data, and may be due to

4. Discussion _ _ : . A
different transcript variants, posttranslational modifications,

Considerable information about the differential role of
COX-1 and COX-2 on female reproduction and fetal
development has been gained from studies in mice deficient(SS) Gross, G. A Imamura, T.; Luedke, C.; Vogt, S. K.; Olson, L.
. . 632 . M.; Nelson, D. M.; Sadovsky, Y.; Muglia, L. J. Opposing actions
in e_'t_her COX-1 or COX-2:53% Qverall, it appears that a of prostaglandins and oxytocin determine the onset of murine
deficiency of COX-2 has more profound effects on female labor. Proc. Natl. Acad. Sci. U.S.A998 95, 11875-11879.
reproduction than a COX-1 deficiency, as shown by the (34) Johnston, P. C.; Greer, I. A.; Brooks,A. N. The transfer of
significant deleterious reproductive effects and increased prostaglandin E2 across ovine fetal membranes in wvdoc.
neonatal mortality in the absence of COX-2. In contrast, Gynecol. Inest.1996 3, 303-308.

COX-1 deficient mice have relatively normal phenotypes in (3%) Bennett, P. R.; Chamberlain, G. V. Patel, L.; Elder, M. G.; Myatt,

regard to the early and late inducible events of gestation L. Mechanisms of parturition: the transfer of prostaglandin E2
9 y 9 and 5-hydroxyeicosatetraenoic acid across fetal membranes.

J. Obstet. Gynecoll99Q 162 683-687.
(32) Loftin, C. D.; Tiano, H. F.; Langenbach, R. Phenotypes of the (36) Nakla, S.; Skinner, K.; Mitchell, B. F.; Challis, J. R. Changes in

COX-deficient mice indicate physiological and pathophysiological prostaglandin transfer across human fetal membranes obtained
roles for COX-1 and COX-2Prostaglandins Other Lipid Media- after spontaneous labdkm. J. Obstet. Gynecd 986 155 1337
tors 2002 68—69, 177-185. 1341.
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Figure 6. Immunohistochemical staining of COX-1 and COX-2 in the human term placenta. The slides were blocked with 10%
nonimmune serum, incubated with a mouse monoclonal antibody raised against COX-1 or COX-2 followed by biotinylated anti-
mouse secondary antibody, and visualized with the DAB chromatogen system. Negative controls were incubated with nonimmune
serum instead of specific anti-COX-1/-2 antibody. The photos were taken with a Zeiss microscope and recorded with the Spot
Insight System (630x) (A) Control. (B) COX-1. (C) COX-2. Arrows with solid heads: syncytiotrophoblasts. Normal arrows:
capillaries within the villi. Magnification bar: 5 um.

and/or different turnover rates for the COX isoforms’ inconsistency may be a consequence of differences in cell
mRNAs and proteins. culture conditions or the sensitivity of the experimental

Although COX-2 exhibited higher gene expression and methodology. However, the results of this investigation did
induction levels than COX-1 (Figure 1) after mid-gestation suggest substantially lower mRNA expression levels of
(p < 0.05), the existence of COX-1 was demonstrated COX-2 versus COX-1 in BeWo cells.

throughout gestation with a slight increase nearing parturition.  The normal and adaptive physiological functions of organs
This data suggests a potential role of COX-1 in the parturition require the coordinated expression and regulation of “house-
cascade, which has been previously implied in COX-1 keeping” and inducible genes. In this respect, metabolites
deficient mice studie¥ Since COX-1 mRNA was not generated by COX-1 are considered important for the
strongly induced, it is possible that this isoform participates maintenance of normal homeostasis, while those generated
in the very beginning stages of labor onset and functions in by COX-2 are known to participate in adaptive circum-
“housekeeping” regulation of pregnancy and fetal develop- stances, e.g., inflammation. It is important to note that the
ment. As COX-1 undergoes suicide inactivatidthe COX-2 ~ COX-2 promoter region possesses several putative regulatory
isoform might then be primarily responsible for sustained sequences, including TATA box, Spl, nuclear factér
myometrial contractility and other events that culminate in (NF-«B), cAMP response element (CRE), nuclear factor-
delivery of the fetus. Further studies need to be conductedinterleukin 6 (NF-IL6) sites, et&;48all of which might alter
to determine the physiological significance of COX-1 and/ COX-2 expression by different xenobiotic ligarndg? In
or COX-2 in the induction of preterm labor. contrast to the upregulation of the COX-2 expression,
The mRNA (Figure 5) and protein (Figure 6) levels of
COX-1 and COX-2 were determined in human term placenta.
Both COX isoforms were observed in the syncytiotrophoblast
layer and in the capillary endothelium within the villi. The

(38) Johansen, B.; Rakkestad, K.; Balboa, M. A.; Dennis, E. A.
Expression of cytosolic and secreted forms of phospholipase A(2)
and cyclooxygenases in human placenta, fetal membranes, and

presence of the COX isoforms in the capillary endothelium chorionic cell linesProstaglandins Other Lipid Mediator200Q
suggests their role in regulating placental vascular function. 60, 119-125.

A slight discrepancy did exist between these results (Figure (39) Allport, V. C.; Pieber, D.; Slater, D. M.; Newton, R.; White, J.
5) and those results reported by another labora¥onhere O.; Bennett, P. R. Human labour is associated with nuclear factor-

expression of COX-2 was observed in the BeWo human kappaB activity which mediates cyclo-oxygenase-2 expression and

. . . : is involved with the “functional progesterone withdrawa¥lol.
trophoblast model here and absent in their studies. This Hum. Reprod2001, 7, 581-586.

(40) Yan, X.; Wu, X. C.; Sun, M.; Tsang, B. K.; Gibb, W. Nuclear

(37) Egan, R. W.; Paxton, J.; Kuehl, F. A., Jr. Mechanism for factor kappa B activation and regulation of cyclooxygenase type-2
irreversible self-deactivation of prostaglandin synthetasBiol. expression in human amnion mesenchymal cells by interleukin-
Chem.1976 251, 7329-7335. 1beta.Biol. Reprod 2002 66, 1667-1671.

VOL. 2, NO. 6 MOLECULAR PHARMACEUTICS 489



articles Xu et al.

suppression of COX-2 expression has also been studiedto COX inhibitors!’~?! which have hindered the wide
which might have more significant clinical relevance. It was tocolytic use of NSAIDs. There is a considerable hope that
suggested that the antiinflammatory glucocorticoids (e.g., COX-2-selective drugs could potentially spare COX-1-
dexamethasone) inhibit one or more steps of the PG synthesispecific reproductive- and fetal-related side effects, and thus
pathway, including the suppression of COX-2 expression produce the protective effect observed in preterm labor
induced by inflammatory stimuluf$:*2Suppression of COX-2  prevention. Experience with the preferential COX-2 inhibitor
expression that is mediated by peroxisome proliferator- nimesulide demonstrated that it was linked with constriction
activated nuclear receptors (PPARs), established regulatorf the ductus arteriosus and oligohydramrfidbk.is unclear

of cellular EFAs homeostastd,has also been reported in  whether this is due to COX-2-dependent side effects or due
various tissues and cell liné§:#6 Although there has been to accumulation of drug in the fetal circulation leading to
no report of a direct PPAR effect on placental COX-2 levels that would cause COX-1 inhibition. Further work
expression, a recent study reported that the human PPAR needs to be performed to decipher the true effect of
levels were reduced once active labor commenced, andnimesulide. Another interesting point is the possible link
coincided with a relative increase in COX-2 expression at between COX-2 and teratogenicity postulated when thali-
fetal membrané’ Since fatty acids and PGs can serve as domide, a drug known for its teratogenicity, was shown to
PPAR ligands, better elucidation of the regulation of COX have the ability to modulate COX-2 expressfdn.

isoform expression in the placenta is helpful, especially when In conclusion, this study demonstrates the spatial and
maternal nutrient imbalances are present. temporal expression patterns of COX-1 and COX-2 in the

NSAIDs are one of the most commonly prescribed groups developing rat placenta, in the human term placenta, and in
of drugs worldwide. They are high effective as analgesic, the BeWo choriocarcinoma trophoblast cell line. The data
antipyretic, and antiinflammatory agents. In addition, these suggest that COX-1 and COX-2 are both expressed in the
COX inhibitors are used as tocolytics for the prevention of ratand human placentas. The differential expression patterns,
preterm delivery, which is a major cause of perinatal especially the increased expression of COX-1 and COX-2
mortality and morbidity® However, adverse effects have isoforms near term, suggests that there may be changes in
been reported in the mother and fetus as a result of exposurdequirement for COX mediated bioactive EFA metabolites
with progressing gestation and parturition. The presence of
the COX isoforms in BeWo cells was also detected,
(41) Perkihs, D. J.; Kniss, D. A. Tumor necrpsis factor-alp_ha promotes providing a potentially valuable in vitro model for further

sustained cyclooxygenase-2 expression: - attenuation by dexa-j, e stigations of their functional importance in pregnancy.

methasone and NSAID®rostaglandin1997, 54, 727-743. .
(42) Imseis, H. M.. Zimmerman, P. D.: Samuels, P.; Kniss, D. A. Taken together, these results provide a framework for

Tumour necrosis factor-alpha induces cyclo-oxygenase-2 gene investigation of functional and physiological significance of
expression in first trimester trophoblasts: suppression by gluco- COX-1 and COX-2 in guiding proper pregnancy, labor, and
corticoids and NSAIDsPlacental997, 18, 521-526. fetal development, which could also provide insights into
(43) Lemberger, T.; Desvergne, B.; Wahli, W. Peroxisome proliferator- the potential development of therapeutic strategies aimed
activated receptors: a nuclear receptor signaling pathway in lipid toward mitigating abnormal pregnancy outcomes, e.g.,

@) %TZZ'IZIOBQY'QQQ;QR\% _C:;:b?be”'AB_"lc\’/:érlvgﬁeRl_z'Lgﬁf;sﬁf'_ Torra.@dvancement of potent selective COX inhibitors for thera-

I. P.; Delerive, P.; Fadel, A.; Chinetti, G.; Fruchart, J. C.; Najib, peutic intervention of preterm contractions.

J.; Maclouf, J.; Tedgui, A. Activation of human aortic smooth-
muscle cells is inhibited by PPARalpha but not by PPARgamma Ac_know_ledgment. . The authors grat_efully aCknOWbdge
activators.Nature 1998 393 790-793. the financial support in the form of a Biomedical Research

(45) Inoue, H.; Tanabe, T.; Umesono, K. Feedback control of cy- Grant from the National Alliance for Autism Research.
clooxygenase-2 expression through PPARganmimBiol. Chem.
200Q 275, 28028-28032.

(46) Subbaramaiah, K., Lin, D. T.; Hart, J. C.; Dannenberg, A. J.
Peroxisome proliferator-activated receptor gamma ligands suppress(48) Chan, V. S. A mechanistic perspective on the specificity and extent

MP0500519

the transcriptional activation of cyclooxygenase-2. Evidence for of COX-2 inhibition in pregnancyDrug Saf 2004 27, 421—

involvement of activator protein-1 and CREB-binding protein/ 426.

p300.J. Biol. Chem2001, 276, 12440-12448. (49) Loudon, J. A,; Groom, K. M.; Bennett, P. R. Prostaglandin
(47) Dunn-Albanese, L. R.; Ackerman, W. E., 4th; Xie, Y.; lams, J. inhibitors in preterm labourBest Pract. Res., Clin. Obstet.

D.; Kniss, D. A. Reciprocal expression of peroxisome proliferator- Gynaecol 2003 17, 731-744.

activated receptor-gamma and cyclooxygenase-2 in human term (50) Onn, A.; Tseng, J. E.; Herbst, R. S. Thalidomide, cyclooxygnase-

parturition.Am. J. Obstet. Gyneca2004 190, 809-816. 2, and angiogenesi€lin. Cancer Res2001, 7, 3311-3313.
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