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Prostanoids influence differentiation in diverse cell types.
Altered expression of cyclooxygenase and prostaglandins has
been implicated in the pathophysiology of placental dysfunction,
which results in preeclampsia and fetal growth restriction. We
hypothesized that prostanoids modulate differentiation and apo-
ptosis in cultured human trophoblasts. Villous cytotrophoblasts
were isolated from term human placentas and cultured in serum-
free medium. The level of human chorionic gonadotropin was
used as a marker of biochemical differentiation of primary tro-
phoblasts, and syncytia formation was used as a marker of
morphologic differentiation. Of the prostanoids tested, we found
exposure to thromboxane A2 hindered both biochemical and
morphologic differentiation of cultured trophoblasts. As ex-
pected, human chorionic gonadotropin levels in the media were
elevated in a concentration-dependent manner in the presence of
the thromboxane synthase inhibitor, sodium furegrelate, or the
thromboxane A2 receptor blocker SQ 29,548. Furthermore,

thromboxane A2 enhanced trophoblast apoptosis, determined
using terminal deoxynucleotidyl transferase-mediated dUTP
nick-end labeling staining, cell morphology, and a concentration-
dependent increase in p53 expression. We conclude that throm-
boxane A2 hinders differentiation and enhances apoptosis in
cultured trophoblasts from term human placenta. We speculate
that thromboxane may contribute to placental dysfunction by
restricting differentiation and enhancing apoptosis in human
trophoblasts. (Pediatr Res 50: 203–209, 2001)

Abbreviations
hCG, human chorionic gonadotropin
FGR, fetal growth restriction
TX, thromboxane
PG, prostaglandin
TUNEL, terminal deoxynucleotidyl transferase-mediated
dUTP nick-end labeling

The function of the human placenta depends on multinucle-
ated, terminally differentiated syncytiotrophoblasts. This epi-
thelium is in direct contact with maternal blood and regulates
maternal-fetal exchange of micronutrients and gases. The syn-
cytiotrophoblast arises from fusion of relatively undifferenti-
ated, mitotically active cytotrophoblasts. This process involves
morphologic and biochemical differentiation. Morphologic dif-
ferentiation is defined by fusion of mononucleated cytotropho-
blasts with adjacent syncytium (1). Biochemical differentiation
is characterized by production of hormones such as hCG and
human placental lactogen (2–4). Preeclampsia and FGR are
associated with trophoblast hypoxia and placental dysfunction
(5). Villi from women with these conditions typically exhibit
diminished villus formation, prominent cytotrophoblasts, en-

hanced syncytial knot formation, and apoptosis (6, 7). An
increase in TX synthesis has been demonstrated in villi (8, 9)
and trophoblasts (10, 11) from preeclamptic women compared
with healthy control subjects. Importantly, FGR (12) and pre-
eclampsia (13) are associated with elevated TXA2 levels in the
circulation of pregnant women. Although the effect of prosta-
noids on vascular reactivity is well known (14), recent studies
indicate that prostanoids also regulate proliferation, differenti-
ation, and apoptosis in many cell types (15–18). We tested the
hypothesis that prostanoids influence the differentiation of
cultured trophoblasts from term human placenta. We found
that TXA2 hinders both morphologic and biochemical differ-
entiation and enhances apoptosis in primary human
trophoblasts.

METHODS

Cell isolation and culture. The study was approved by the
Human Studies Committee of Washington University. Placen-
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tas were obtained immediately after term singleton deliveries
after uncomplicated pregnancies. Cytotrophoblasts were iso-
lated by the trypsin-DNase, Percoll (Pharmacia, Piscataway,
NJ, U.S.A.) gradient centrifugation method described by Kli-
man et al. (2), modified by inclusion of 10 mL of Dispase
(Collaborative Research, Bedford, MA, U.S.A.) for each 50 g
of tissue in the enzyme digestion mixture. Cell isolation and
growth characteristics in vitro have been previously character-
ized (19–21). Isolated cytotrophoblasts were plated on poly-
styrene plates (Becton Dickinson, Franklin Lakes, NJ, U.S.A.)
in duplicates at 3 3 105 cells/cm2 in medium 199 (Tissue
Culture Facility, Washington University) with 10% fetal bo-
vine serum (Hyclone, Logan, UT, U.S.A.), 20 mmol HEPES
(Sigma Chemical Co., St. Louis, MO, U.S.A.), and 2 mmol
L-glutamine (Sigma Chemical Co.) in a 5% carbon dioxide–air
atmosphere at 37°C. After 4 h, the medium was replaced with
serum-free medium 199. Media were changed every 24 h. All
prostanoids were obtained from Cayman Chemicals (Ann Ar-
bor, MI, U.S.A.) except 9a,11b-PGF2, obtained from BI-
OMOL Research Laboratories (Plymouth Meeting, PA,
U.S.A.).

Hormone assays. All media samples were stored at 220°C
until assayed for hCG or prostanoids. The concentration of
hCG was determined by a microparticle enzyme immunoassay
(Abbot Laboratories, Abbot Park, IL, U.S.A.) and expressed as
milli-International Units per microgram cellular DNA. DNA
was isolated from cells using DNAzol (Molecular Research
Laboratories, Cincinnati, OH, U.S.A.) and quantified by spec-
trophotometry. TXA2 levels were determined by measuring its
stable metabolite, TXB2, by a specific enzyme immunoassay
(Oxford, Oxford, MI, U.S.A.), as previously described (22),
and expressed as nanograms of eicosanoid per milliliter of
media. Interassay and intraassay variations were 9.1% and
5.3% for hCG and 8.2% and 5.5% for TXB2, respectively.

Immunocytochemistry. Primary trophoblast cultures were
rinsed with PBS, fixed, and permeabilized with methanol
(Fisher Scientific, Pittsburgh, PA, U.S.A.) at 220°C for 25
min. To decrease nonspecific binding, we incubated the cells
with 2% goat serum in staining buffer (PBS with 0.2% BSA)
for 35 min in a humidified chamber at 37°C. Cells were then
stained with a mixture of mouse monoclonal anti-human des-
mosomal antibodies (Sigma Chemical Co.) to label cell surface
membranes and with human antinuclear antibody (Antibodies
Inc., Davis, CA, U.S.A.) which binds nuclei as previously
described (19, 22). An observer blinded to the culture condi-
tions examined eight equidistant fields with a microscope
(Zeiss, IM 35, Oberkochen, Germany) equipped with a 633 oil
objective and epifluorescence optics. Multinucleated cells with
.3 nuclei in a contiguous cytoplasm were identified and
quantified as syncytia per field. The assessment of syncytia was
confirmed with a BioRad MRC 1024 confocal microscope
equipped with Zeiss Axioplasm objectives and Laser Sharp v.
3.2 software (Bio-Rad, Hercules, CA, U.S.A.).

TUNEL staining and morphologic assessment. Cultured
cells were washed twice with PBS and fixed in 4% formalin for
10 min. Endogenous peroxidase was quenched with 3% H2O2.
The Apop Tag kit (Oncor, Gaithersburg, MD, U.S.A.) was
used for TUNEL staining according to the manufacturer’s

instructions. Using bright-field optics at 10003, two observers
blinded to culture conditions quantified TUNEL-stained nuclei
as well as the number of total nuclei in eight random fields. The
apoptotic index was defined as the percentage of TUNEL-
positive nuclei divided by the total number of nuclei. Cells
exposed to vehicle alone served as control, and omission of the
terminal deoxynucleotidyl transferase step served as a staining
control.

In a tandem analysis, we examined cells for morphologic
changes typical for apoptosis, including condensed or frag-
mented nuclei, a low cytoplasm to nucleus ratio (indicative of
cell shrinkage), and blebbing of the surface membrane. Cells
with apoptotic morphology were expressed as a percentage of
the total number of cells counted.

Western blot. Cells were collected in a lysis buffer that
contained 10% SDS and were sonicated. Samples with equal
amounts of protein (30 mg) were subjected to electrophoresis at
60 V for 2 h in 4°C using 10% polyacrylamide gel slabs, then
transferred overnight to polyvinylidene difluoride membranes.
Membranes were incubated with 10% skim milk for 1 h,
incubated with an anti-p53 MAb (Santa Cruz Biochemicals,
Santa Cruz, CA, U.S.A.) for 1 h, washed twice for 10 min with
Tris-buffered saline (TBS; 0.75% Tween 20), and then incu-
bated for 1 h with horseradish-peroxidase–linked secondary
antibodies (Santa Cruz). The membrane was washed twice for
10 min with TBS, processed for chemiluminescence using an
enhanced chemiluminescence kit (Amersham, Pharmacia Bio-
tech, Piscataway, NJ, U.S.A.), and exposed to film for 10 min.
Cells exposed to vehicle alone served as controls. The density
of the immunoblot bands was quantified using a densitometer
and Image Quant version 3.3 software (Molecular Dynamics,
Sunnyvale, CA, U.S.A.).

Statistical analysis. Each measurement was performed in
duplicate for each paradigm. Data are presented as mean 6 SD.
Comparisons were made using t test and ANOVA with Bon-
ferroni correction where applicable. A p , 0.05 was consid-
ered significant.

RESULTS

Influence of prostanoids on trophoblast differentiation. We
initially screened the effect of nine prostanoids on media levels
of hCG during a 72-h culture period. These prostanoids were
selected because they are known to affect differentiation, apo-
ptosis, or proliferation of nontrophoblast cells (23–27). We
used 15-deoxy-D12,14-PGJ2, known to hinder differentiation
and enhance apoptosis, as a positive control (28). Because of
the short half-life of TXA2 (32 s), we used a stable analog of
TXA2, carbocyclic TXA2, for our experiments (29). Among
the prostanoids tested, exposure of cultured trophoblasts to
TXA2 resulted in a significant reduction in hCG release com-
pared with control cells (Fig. 1A). The effect of TXA2 on
medium hCG was concentration dependent, with a maximum
effect at 10 mM (Fig. 1B), and the effect was apparent in the
absence or presence of serum. This result indicates that expo-
sure of trophoblasts to exogenous TXA2 hinders their biochem-
ical differentiation.
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To determine whether endogenous TXA2 has a similar
effect, we determined the effect of either a TX synthase inhib-
itor or a TX receptor blocker on hCG production. We predicted
that addition of either of these agents would result in higher
media levels of hCG. We first determined the time course for
production of TX by trophoblasts in serum-free media, and
found that TX levels were highest in the first 12 h of culture
(Fig. 2A). Similar results were obtained using serum-
containing media. The production of TXA2 by trophoblast was
effectively inhibited by sodium furegrelate (30), a selective
TXA2 synthase inhibitor (Fig. 2A). Trophoblasts cultured in the
presence of sodium furegrelate showed enhanced levels of
hCG at 48 and 72 h, compared with vehicle-treated control
cells. Moreover, the effect of the TX synthase inhibitor was
concentration dependent (Fig. 2B). To support our findings, we
also examined the effect of SQ 29, 548, a selective TXA2

receptor antagonist (31–33), and found that media levels of
hCG at 72 h were significantly higher in cultures exposed to the
antagonist compared with vehicle-treated controls (Fig. 2C).
Although maximum TXA2 levels were present in cultured
trophoblast in the first 12 h, we chose 48 and 72 h time points
to estimate media hCG levels because biochemical differenti-

ation can be determined in cultures grown .24 h (2). These
results indicate that endogenous production of TX hinders
biochemical differentiation of cultured trophoblasts.

We determined the effect of TXA2 on morphologic differ-
entiation of primary trophoblasts using syncytium formation as
a marker for differentiation. Qualitative assessment of tropho-
blast cell morphology indicated that .90% of the nuclei
remained as cytotrophoblasts after TXA2 exposure. In contrast,
approximately 50% of the cells exhibited syncytial morphol-
ogy in control cultures by 72 h (Fig. 3A). The number of

Figure 1. A, level of hCG in medium from trophoblasts cultured for 72 h in
the presence or absence of nine different prostanoids (all at 10 mM). 15-Deoxy-
D12,14-PGJ2, known to diminish hCG production, served as a positive control.
Error bars represent 6 SD. B, level of hCG in medium from trophoblasts
cultured in presence of vehicle (control) or increasing concentrations of TXA2.
The result represents five different experiments on different placentas. Levels
of hCG (mean 6 SD) are shown as milli-International Units per hour per
microgram of DNA for the previous 24-h interval. *p , 0.05.

Figure 2. A, level of TXB2 in medium from trophoblasts cultured in the
presence or absence of sodium furegrelate. The levels at 12 and 24 h represent
accumulation for the preceding 12 h, and the level at 48 h represents accumu-
lation during the preceding 24 h. The result represents three different experi-
ments on different placentas with duplicates. B, level of hCG in medium from
trophoblasts cultured in the presence or absence of increasing concentrations of
sodium furegrelate. The results represent three different experiments on dif-
ferent placentas. C, levels of hCG in medium from trophoblasts cultured in the
presence or absence of increasing concentrations of SQ 29,548. The results
represent three different experiments on different placentas. Levels of hCG
(mean 6 SD) are normalized to DNA. *p , 0.05.
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syncytia at 24, 48, and 72 h was significantly less in cells
treated with TXA2 when compared with control cells (Fig. 4A).
These results were reproduced in serum-containing media (data
not shown). Taken together, our results indicate that TXA2

hinders morphologic differentiation of primary trophoblasts.

TXA2 enhances trophoblast apoptosis. TXA2 induces apo-
ptosis in several cell types (34, 35). We also noted that addition
of TXA2 to the culture yielded a lower cell number by 72 h. We
therefore hypothesized that TXA2 induced apoptosis in cul-
tured trophoblasts. Using TUNEL staining, we observed a

Figure 3. A, confocal microscope images of cells cultured for 24 or 48 h in the absence (control) or presence of TXA2 (10 mM). Green staining illustrates
fluorescence detected by cell membrane desmosomal staining, and red-orange represents fluorescence from rhodamine-stained nuclei. Gradations of red, orange,
and yellow fluorescence result from overlapping cell borders and nuclei. Cytotrophoblasts cultured for 24 h are predominantly mononucleated with a line of green
fluorescence interfacing most nuclei. Multiple syncytia have formed by 48 h (arrows) intermixed with cytotrophoblasts. These results contrast with cells cultured
in the presence of TXA2, in which mononucleated cytotrophoblasts dominate throughout the 72 h. A lower cell density was noted in cultures exposed to TXA2

at 48 and 72 h, compared with control. Bar 5 50 mm. B, TUNEL staining of trophoblasts in the absence (control) or presence of TXA2 (10 mM) at 24 and 48 h.
Open arrow shows a TUNEL-positive nucleus (red stained) and solid arrow shows apoptotic cells with condensed nuclei that are not TUNEL positive.
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significantly higher apoptotic index in cells exposed to TXA2,
compared with control (Figs. 3B and 4B). We confirmed these
results using morphologic criteria of apoptosis for cells cul-
tured with or without TXA2 (data not shown). These results
were reproduced in serum-containing media. These findings
indicate that TXA2 enhances apoptosis in cultured
trophoblasts.

Because p53 mediates diverse apoptotic stimuli (36, 37), we
examined the affects of TXA2 on p53 expression. Using den-
sitometry we found that TXA2 enhanced the expression of p53
by 2.5-fold compared with control. We observed peak p53
expression between 1 and 2 h after exposure to TXA2 (Fig.
5A), which was undetectable by 48 h of culture. Importantly,
the induction of p53 by TXA2 was concentration dependent,
with maximal expression at 30 mM TXA2 (Fig. 5B). These
results suggest that TXA2 induces apoptosis in trophoblasts
through a p53-dependent mechanism.

DISCUSSION

Villous trophoblasts undergo biochemical and morphologic
differentiation (38). This process is regulated in vitro through
different pathways (38–40). Because prostanoids modulate
differentiation, apoptosis, and proliferation of nontrophoblast
cells, we examined their influence on trophoblast differentia-
tion. Our analysis focused on nine different prostanoids, based
on their known effects in other systems (23–27). Of the pro-
stanoids tested, we found that TXA2 limits both biochemical
and morphologic differentiation of cultured villous tropho-
blasts derived from term human placentas. Two lines of evi-
dence support this premise. 1) Addition of TXA2 hinders
trophoblast differentiation in culture. 2) Inhibition of endoge-
nous TXA2 production by cultured trophoblast or antagonizing
the binding of endogenous TX to its receptor facilitates hor-
monal differentiation of trophoblasts. We also confirmed ear-
lier observations that the production of TXA2 by trophoblasts
in vitro is maximal in the first few hours of culture (10, 21),
before syncytium formation (2). These data are supported by
the observation that the expression and activity of cyclooxy-
genase are higher in cytotrophoblast than in syncytiotropho-
blast (22). Moreover, syncytiotrophoblasts exhibit a higher
expression and activity of PG dehydrogenase (41), which
metabolizes prostanoids to inactive products. Nevertheless, the
effect of the TX synthase inhibitor sodium furegrelate or the
TXA2 receptor antagonist SQ 29,548 was demonstrated only
after 48 h, because significant synthesis of hCG is observed
only after trophoblast differentiation into syncytium (2).

Figure 4. A, syncytia formation in trophoblasts in the absence (control) or
presence of TXA2 (10 mM). The result represents five different experiments on
different placentas. Results are mean 6 SD of syncytia/field as described in
Methods. *p , 0.05. B, apoptotic index of trophoblasts in the absence (control)
and presence of TXA2 (10 mM) as measured by TUNEL staining. The result
represents five different experiments on different placentas. Data are mean 6
SD. *p , 0.05.

Figure 5. A, time course of p53 expression in primary trophoblasts after
exposure to TXA2 (10 mM). JEG3 cells and trophoblasts exposed to etoposide
were used as positive controls for p53. Control primary trophoblast cells were
treated with vehicle alone. Blot is representative of three different experiments
on different placentas. B, immunoblot analysis of p53 expression at 90 min in
primary trophoblasts after exposure to different concentrations of TXA2. Blot
is representative of two experiments on two different placentas.
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We also found that TX enhances trophoblast apoptosis. This
was demonstrated using TUNEL staining as well as morpho-
logic criteria for apoptotic cells. The temporal relationship
between TX exposure and the enhancement of p53 expression
suggests that apoptosis occurs through a p53-dependent mech-
anism. Moreover, induction of p53 was concentration-
dependent, lending further support to our inference. Impor-
tantly, TX levels are elevated in the serum (12, 42) and
placental villi (8, 11) of women with preeclampsia. Consistent
with this observation, the expression of cyclooxygenase-2 (8,
21) and TX synthase (43) are enhanced in placental villi from
women with preeclampsia. Because apoptosis is more preva-
lent in placentas from pregnancies complicated by FGR (7) or
preeclampsia (44), it is possible that TX enhances apoptosis in
these pregnancy-related diseases. Whether or not the higher
level of TX contributes to other aspects of placental dysfunc-
tion observed in these diseases, such as maldevelopment of
basal plate arteries (45), syncytial knots (6), and diminished
amino acid transport (46), remains to be established.

Although trophoblast is normally exposed to marked hyp-
oxia during early embryonic development, intervillous PO2 in
the range of 20–75 mm Hg is observed in the second half of
pregnancy (47, 48). We have previously shown that exposure
of trophoblasts to hypoxia (oxygen saturation of 1 to 2%, PO2

of ,15 mm Hg) in vitro hinders differentiation (22) and
enhances apoptosis (49). Other investigators have described
similar results (50–52). Hypoxia also up-regulates the expres-
sion of cylcooxygenase-2, and increases production of TX by
trophoblasts (22). These phenotypic changes in trophoblast
differentiation are found in placentas from women with pre-
eclampsia and FGR, in which villous hypoxia is commonly
found. The mechanisms that control normal and abnormal
trophoblast differentiation are poorly understood. Growth fac-
tors (epidermal growth factor and transforming growth factor),
cytokines (granulocyte macrophage-colony stimulating factor
and colony-stimulating factor), and hCG appear to play an
important role in this process (53). Our studies indicate that TX
also regulates trophoblast differentiation and apoptosis, in ad-
dition to the role of this prostanoid in regulation of placental
blood flow (54, 55). A similar function of prostanoids, elicited
in response to hypoxia, has been demonstrated in several cell
types (33, 56–59). Whether or not the influence of hypoxia on
trophoblast differentiation is mediated by enhancement of TX
production remains to be established. Nevertheless, the role of
TX in placental dysfunction suggests that inhibition of TX
signaling may limit placental dysfunction in conditions asso-
ciated with hypoxic trophoblasts.

REFERENCES

1. Midgley Jr AR, Pierce Jr GB, Deneau GA, Gosling JRG 1963 Morphogenesis of
syncytiotrophoblast in vivo: an autoradiographic demonstration. Science 141:349–
350

2. Kliman HJ, Nestler JE, Sermasi E, Sanger JM, Strauss III JF 1986 Purification,
characterization, and in vitro differentiation of cytotrophoblasts from human term
placenta. Endocrinology 118:1567–1582

3. Morrish DW, Bhardwaj D, Dabbagh LK, Marusyk H, Siy O 1987 Epidermal growth
factor induces differentiation and secretion of human chorionic gonadotropin and
placental lactogen in normal human placenta. J Clin Endocrinol Metab 65:1282–1290

4. Strauss III JF, Kido S, Sayegh R, Sakuragi N, Gofvels ME 1992 The cAMP signaling
system and human trophoblast function. Placenta 13:389–403

5. Kingdom JCP, Kaufmann P 1997 Oxygen and placental villous development: origins
of fetal hypoxia. Placenta 18:613–621

6. Redman CWG 1991 Current topic: pre-eclampsia and the placenta. Placenta 12:301–
308

7. Smith SC, Baker PN, Symonds EM 1997 Increased placental apoptosis in intrauterine
growth restriction. Am J Obstet Gynecol 177:1395–1401

8. Walsh SW 1985 Preeclampsia: an imbalance in placental prostacyclin and throm-
boxane production. Am J Obstet Gynecol 152:335–340

9. Walsh SW, Wang Y 1995 Trophoblast and placental villous core production of lipid
peroxides, thromboxane, and prostacyclin in preeclampsia. J Clin Endocrinol Metab
80:1888–1893

10. Cervar M, Kainer F, Jones CJP, Desoye G 1996 Altered release of endothelin-1,2 and
thromboxane B2 from trophoblastic cells in pre-eclampsia. Eur J Clin Invest
26:30–37

11. Ding ZQ, Rowe J, Sinosich MJ, Saunders DM, Gallery EDM 1996 In-vitro secretion
of prostanoids by placental villous cytotrophoblasts in pre-eclampsia. Placenta
17:407–411

12. Wallenburg HCS, Rotmans N 1982 Enhanced reactivity of the platelet thromboxane
pathway in normotensive and hypertensive pregnancies with insufficient fetal growth
Am J Obstet Gynecol 144:523–528

13. Fitzgerald DJ, Rocki W, Murray R, Mayo G, FitzGerald GA 1990 Thromboxane A2

synthesis in pregnancy-induced hypertension. Lancet 335:751–754
14. Needleman P, Turk J, Jakschik BA, Morrison AR, Lefkowith JB 1986 Arachidonic

acid metabolism. Annu Rev Biochem 55:69–102
15. Smith WL, DeWitt DL 1996 Prostaglandin endoperoxide H synthases-1 and -2. Adv

Immunol 62:167–215
16. Levy GN 1997 Prostaglandin H synthases, nonsteroidal anti-inflammatory drugs, and

colon cancer. FASEB J 11:234–247
17. Oshima M, Dinchuk JE, Kargman SL, Oshima H, Hancock B, Kwong E, Trzaskos

JM, Evans JF, Taketo MM 1996 Suppression of intestinal polyposis in APCD716

knockout mice by inhibition of cyclooxygenase 2 (Cox-2). Cell 87:803–809
18. Prescot SM, White RL 1996 Self promotion? Intimate connections between APC and

prostaglandin H synthase-2. Cell 87:783–786
19. Church SL, Farmer DR, Nelson DM 1992 Induction of manganese superoxide

dismutase in cultured human trophoblast during in vitro differentiation. Dev Biol
149:177–184

20. Farmer DR, Nelson DM 1992 A fibrin matrix modulates the proliferation, hormone
secretion and morphologic differentiation of cultured human placental trophoblast.
Placenta 13:163–167

21. Johnson RD, Sadovsky Y, Graham C, Anteby EY, Polakoski KL, Huang X, Nelson
DM 1997 The expression and activity of prostaglandin H synthase-2 is enhanced in
trophoblast from women with preeclampsia. J Clin Endocrinol Metab 82:3059–3062

22. Nelson DM, Johnson RD, Smith SD, Anteby EY, Sadovsky Y 1999 Hypoxia limits
differentiation and up-regulates expression and activity of prostaglandin H synthase 2
in cultured trophoblast from term human placenta. Am J Obstet Gynecol 180:896–
902

23. Narymiya S, Fukushima M 1987 Active transport and cellular accumulation of
cyclopentenone prostaglandins: a mechanism of prostaglandin-induced growth inhi-
bition. In: Samuelsson B, Paoletti R, Ramwell PW (eds) Advances in Prostaglandin,
Thromboxane, and Leukotriene Research. Raven Press, New York, pp 972–975

24. Lepak NM, Serrero G 1995 Prostaglandin F2a stimulates transforming growth
factor-a expression in adipocyte precursors. Endocrinology 136:3222–3229

25. Tsukii K, Shima N, Mochizuki S, Yamaguchi K, Kinosaki M, Yano K, Shibata O,
Udagawa N, Yasuda H, Suda T, Higashio K 1998 Osteoclast differentiation factor
mediates an essential signal for bone resorption induced by 1a,25-dihydroxyvitamin
D3, prostaglandin E2, or parathyroid hormone in the microenvironment of bone.
Biochem Biophys Res Commun 246:337–341

26. Shillabeer G, Kumar V, Tibbo E, Lau DCW 1998 Arachidonic acid metabolites of the
lipoxygenase as well as the cyclooxygenase pathway may be involved in regulating
preadipocyte differentiation. Metabolism 47:461–466

27. Norwitz ER, Bernal AL, Starkey PM 1996 Prostaglandin production by human
peripheral blood monocytes changes with in vitro differentiation. Prostaglandins
51:339–349

28. Schaiff WT, Carlson MG, Smith SD, Levy R, Nelson DM, Sadovsky Y 2000 PPARg
modulates differentiation of human trophoblast in a ligand-specific manner. J Clin
Endocrinol Metab 85:3874–3881

29. Nicolaou KC, Magolda RL 1982 Synthesis of stable thromboxane A2 analogs: pinane
thromboxane A2 (PTA2) and carbocyclic thromboxane A2 (CTA2). Methods Enzymol
86:400–409

30. Murakami Y, Yokotani K, Okuma Y, Osumi Y 1998 Thromboxane A2 is involved in
the nitric oxide-induced central activation of adrenomedullary outflow in rats. Neu-
roscience 87:197–205

31. Ogletree ML, Allen GT 1992 Interspecies differences in thromboxane receptors:
studies with thromboxane receptor antagonists in rat and guinea pig smooth muscles.
J Pharmacol Exp Ther 260:789–794

32. Coffman TM, Spurney RF, Mannon RB, Levenson R 1998 Thromboxane A2 modu-
lates the fibrinolytic system in glomerular mesangial cells. Am J Physiol 275:F262–
F269

33. Abbas F, Amin Z, Burk RM, Krauss AH-P, Marshall K, Senior J, Woodward DF 1997
A comparative study of thromboxane (TP) receptor mimetics and antagonists on
isolated human umbilical artery and myometrium. In: Honn KV, Marnett LJ, Nigam
S, Jones RL, Wong Y-KP (eds) Eicosanoids and Other Bioactive Lipids in Cancer
Inflammation and Radiation Injury 3. Plenum Press, New York, pp 219–230

34. Shen RF, Tai HH 1998 Thromboxanes—synthase and receptors. J Biomed Sci
5:153–172

208 YUSUF ET AL.



35. Ushikubi F, Aiba Y-I, Nakamura K-I, Namba T, Hirata M, Mazda O, Katsura Y,
Narumiya S 1993 Thromboxane A2 receptor is highly expressed in mouse immature
thymocytes and mediates DNA fragmentation and apoptosis. J Exp Med 178:1825–
1830

36. Prives C, Hall PA 1999 The p53 pathway. J Pathol 187:112–126
37. Oren M 1999 Regulation of the p53 tumor suppressor protein. J Biol Chem

274:36031–36034
38. Ringler GE, Strauss III JF 1990 In vitro systems for the study of human placental

endocrine function. Endocr Rev 11:105–123
39. Douglas GC, King BF 1990 Differentiation of human trophoblast cells in vitro as

revealed by immunocytochemical staining of desmoplakin and nuclei. J Cell Sci
96:131–141

40. Kao LC, Caltabiano S, Wu S, Strauss III JF, Kliman HJ 1988 The human villous
cytotrophoblast: interactions with extracellular matrix proteins, endocrine function,
and cytoplasmic differentiation in the absence of syncytium formation. Dev Biol
130:690–702

41. Patel FA, Clifton VL, Chwalisz K, Challis JRG 1999 Steroid regulation of prosta-
glandin dehydrogenase activity and expression in human term placenta and chorio-
decidua in relation to labor. J Clin Endocrinol Metab 84:291–299

42. Mills JL, DerSimonian R, Raymond E, Morrow JD, Roberts II LJ, Clemens JD, Hauth
JC, Catalano P, Sibai B, Curet LB, Levine RJ 1999 Prostacyclin and thromboxane
changes predating clinical onset of preeclampsia. JAMA 282:356–362

43. Woodworth SH, Li X, Lei ZM, Rao CV, Yussman MA, Spinnato II JA, Yokoyama
C, Tanabe T, Ulrich V 1994 Eicosanoid biosynthetic enzymes in placental and
decidual tissues from preeclamptic pregnancies: increased expression of thrombox-
ane-A2 synthase gene. J Clin Endocrinol Metab 78:1225–1231

44. Allaire AD, Ballenger KA, Wells SR, McMahon MJ, Lessey BA 2000 Placental
apoptosis in preeclampsia. Obstet Gynecol 96:271–276

45. Zhou Y, Damsky CH, Fisher SJ 1997 Preeclampsia is associated with failure of
human cytotrophoblasts to mimic a vascular adhesion phenotype: one cause of
defective endovascular invasion in this syndrome? J Clin Invest 99:2152–2164

46. Glazier JD, Cetin I, Perugino G, Ronzoni S, Grey AM, Mahendran D, Marconi AM,
Pardi G, Sibley CP 1997 Association between the activity of the system A amino acid
transporter in the microvillous plasma membrane of the human placenta and severity
of fetal compromise in intrauterine growth restriction. Pediatr Res 42:514–519

47. Genbacev O, Joslin R, Damsky CH, Polliotti BM, Fisher SJ 1996 Hypoxia alters early
gestation human cytotrophoblast differentiation/invasion in vitro and models the
placental defects that occur in preeclampsia J Clin Invest 97:540–550

48. Soothill ST, Nicolaides KH, Rodeck CH, Campbell S 1986 Effect of gestational age
on fetal and intervillous blood gas and acid-base values in human pregnancy Fetal
Ther 1:168–175

49. Levy R, Smith SD, Chandler K, Sadovsky Y, Nelson DM 2000 Apoptosis in human
cultured trophoblasts is enhanced by hypoxia and diminished by epidermal growth
factor. Am J Physiol 278:C982–C988

50. Esterman A, Greco MA, Mitani Y, Finlay TH, Ismail-Beigi F, Dancis J 1997 The
effect of hypoxia on human trophoblast in culture: morphology, glucose transport and
metabolism. Placenta 18:129–136

51. Esterman A, Finlay TH, Dancis J 1996 The effect of hypoxia on term trophoblast:
hormone synthesis and release. Placenta 17:217–222

52. Alsat E, Wyplosz P, Malassine A, Guibourdenche J, Porquet D, Nessmann C,
Evain-Brion D 1996 Hypoxia impairs cell fusion and differentiation process in human
cytotrophoblast in vitro. J Cell Physiol 168:346–353

53. Morrish DW, Dakour J, Li H 1998 Functional regulation of human trophoblast
differentiation. J Reprod Immunol 39:179–195

54. Rocca B, Loeb AL, Strauss III JF, Vezza R, Habib A, Li H, FitzGerald GA 2000
Directed vascular expression of the thromboxane A2 receptor results in intrauterine
growth retardation. Nat Med 6:219–221

55. Boura ALA, Walters WAW 1991 Autocoids and the control of vascular tone in the
human umbilical-placental circulation. Placenta 12:453–457

56. Rowe J, Campbell S, Gallery ED 2000 Effects of hypoxia on regulation of prostanoid
production in decidual endothelial cells in normal and preeclamptic pregnancy. J Soc
Gynecol Invest 7:118–24

57. Kaeser F, Luthy C, Herschkowitz N, Oetliker O 1988 The effect of temporary hypoxia
on prostaglandin synthesis in mouse brain cell cultures during development. Prosta-
glandins Leukot Essent Fatty Acids 32:75–81

58. Chiarugi V, Magnelli L, Gallo O 1998 Cox-2, iNOS and p53 as play-makers of tumor
angiogenesis. Int J Mol Med 1998 2:715–719

59. Fosslien E 2000 Molecular pathology of cyclooxygenase-2 in neoplasia. Ann Clin
Lab Sci 30:3–21

209THROMBOXANE EFFECT ON HUMAN TROPHOBLASTS


	Thromboxane A2 Limits Differentiation and Enhances Apoptosis of Cultured Human Trophoblasts
	METHODS
	Cell isolation and culture.
	Hormone assays.
	Immunocytochemistry.
	TUNEL staining and morphologic assessment.
	Western blot.
	Statistical analysis.

	RESULTS
	Influence of prostanoids on trophoblast differentiation.
	TXA2 enhances trophoblast apoptosis.

	DISCUSSION
	Note
	References


