IMMUNOCYTOCHEMICAL LOCALIZATION OF ENDOTHELIN-1 IN HUMAN PLACENTA FROM NORMAL AND PREECLAMPTIC PREGNANCIES
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	Objective.
	The aim of this study wa. to examine the distribution of endothelin-1 (ET-1) in the human placenta a. different gestational ages and to determine whether differences in ET-1 immunoreactivit. occurred in preeclamptic compared with uncomplicated pregnancies.

	Methods.
	Localization of ET-1 wa. investigated by the immunoperoxidase technique in first-trimester, second-trimester, and term human placentas from normal pregnancies and in placentas from preeclampti. pregnancies.

	Results.
	In normal placentas fro. all gestational ages studied, endothelin-1 immunoreactivity (ET-1 IR) wa. specifically detected in the endothelium of the fetal vessels and in the syncytiotrophoblast. ET-1 IR was also expressed by the villous cytotrophoblast of first- and second-trimeste. normal placentas. The extravillous cytotrophoblast of the basal and chorioni. plates also exhibited ET-1 IR, but with varying degrees of intensity. In preeclampti. placentas, the expression of ET-1 IR was uneven with a negative staining i. all placentas from pregnancies between the 29th and 32nd weeks of gestation. The expression of ET-1 IR was most intense in some syncytiotrophoblast tissu. in the terminal villi after the 33rd week of gestation. In placentas fro. preeclamptic pregnancies between the 35th and the 36th weeks of gestation, strong ET-1 IR expression was evident in the endothelium of fetal vessel. and in the syncytiotrophoblast. Regardless of gestational age, ET-1 IR wa. also observed in the extravillous cytotrophoblast of the basal and chorioni. plates of preeclamptic placentas.

	Conclusion.
	This study demonstrate. that ET-1 IR is widely distributed in the human placenta and provides furthe. evidence to support the concept that ET-1 plays an important role as a modulato. of vascular tone in the uteroplacental and fetoplacental units and may participat. in the pathogenesis of preeclampsia.
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INTRODUCTION

The endothelins are a family of regulatory peptides that exert poten. physiological effects on the blood vessels. Endothelin-1 (ET-1), the firs. described member of the family, is a 21-amino-acid peptide isolated from cultur. porcine endothelial cells and is the most potent vasoconstrictor known [1]. ET-1 is secreted by a wide variety of tissues, includin. the human amnion and the human placenta [2], suggesting that ET-1 may display a diversity of biological effects in th. human fetoplacental circulation [3].

In the human term placenta, immunocytochemical studies showed ET-1 immunoreactivity (ET-1 IR) localized in the endothelium of fetal vessels, the syncytiotrophoblast, the extravillous cytotrophoblast of the basal, and chorionic plate and als. in the placental septa [4, 5, 6, 7, 8]. In addition, cultures of trophoblast cells from human placentas of term pregnancie. have been shown to release ET-1 [9] and expres. endothelin precursor genes [10]. Also, ET-1 mRNA has been observed in human term placentas and in human placentas at 14 and 17 weeks of gestation, although the levels of the mRNA at 14 and 17 week. appear to be low [11].

Preeclampsia, a pregnancy-specific syndrome of still undefined etiology, is an important cause of fetal and maternal mortality and morbidity. Becaus. ET-1 is the most potent vasoconstrictor known today and there are change. in the ET system of term trophoblast in preeclampsia [12], this peptide is likely to play a role in the pathogenesis of hypertension. Several authors have reported increased concentrations of ET-1 in the plasm. of women with preeclampsia as opposed to healthy pregnant women [13, 14, 15], whereas others could not confir. these findings [16]. However, it seems tha. the balance of evidence is in favor of increased concentrations of ET-1 i. maternal plasma in preeclampsia [17].

Because of the difficulty in obtaining fresh tissues from all stage. of gestation, there is little information about the expression of endothelin-1 in the human placenta during pregnancy. Therefore, one aim of the presen. study was to localize ET-1 in human placental sections of different norma. gestational ages by immuno-cytochemical methods. The purpose of our researc. project was also to investigate by immunocytochemistry the localization o. ET-1 in placental sections from preeclamptic pregnancies. Finally, we als. intended to compare the ET-1 IR observed in the human placentas of hypertensiv. pregnant women with those of normal pregnant women.
MATERIALS AND METHODS

Human placental tissue from 27 normal pregnancies was collected fro. women at 7, 9, 12, 16, 19, 22 (6 placentas), 29 to 32, (8 placentas) 33 to 36, (8 placentas), and 38 to 40 (5 placentas) weeks of gestation. Specimen. from the first and second trimesters were obtained at interruption of pregnanc. or preterm delivery, whereas term ones were obtained from uncomplicated pregnancie. immediately after vaginal delivery or cesarean section. Preterm deliverie. were either for unknown reasons (psychosocial factors) or cervical incompetence, cervical dilatation, and maternal genital abnormalities. All these pregnan. women had normal blood pressure, without proteinuria, intrauterine growt. retardation, or chorioamnionitis. In addition, placental tissues were collecte. from preeclamptic gestations at 29 to 32 (8 placentas) and 33 to 36 weeks (8 placentas) after vaginal delivery or cesarean section. Women classifie. as preeclamptic displayed the following characteristics: development of hypertension, blood pressures after 20 weeks of gestation > 140/90 mm Hg, edema, and proteinuri. of > 0.5 g/24 h or  3 + on dip-stick testing, where delivery preclude. a 24 h urine collection.

The first-trimester specimens were small and did not require any furthe. processing. Representative areas of third-trimester placentas were first cu. into small pieces (2 × 2 × 2 cm). They were then immediately immerse. in a 4% formaldehyde solution in a 0.1M phosphate buffer at pH = 7.3, fixed for 20 h at +4°C, and finally processe. for paraffin wax embedding. Additional tissue specimens excised from the basa. and chorionic plates were similarly fixed and embedded in paraffin. In eac. case, the interval between delivery and fixation was  3 min. Four-micrometer-thic. sections were cut and mounted on poly-L-lysine-coate. glass slides and dewaxed by standard techniques for the immunocytochemica. experiments.

To determine the localization of ET-1 IR, an immunocytochemical techniqu. was applied using an avidin–biotin–peroxidase complex (ABC) method. Tissues from normal and preeclamptic placentas were tested on the same ru. so as to allow identification of age-related and gestation-related difference. in the signal of immunoreactivity. The slides with sections were immerse. in methanol containing 0.6% hydrogen peroxide for 30 min to suppress endogenou. peroxidase activity. This was followed by washing them in phosphate buffere. saline (PBS) with a pH of 7.3. After the blocking of nonspecific backgroun. staining with normal swine serum diluted 1 : 5 plus 1% bovine serum albumin (BSA) in PBS for 20 min at room temperature, sections were blotted to remov. excess serum and incubated overnight in a moist chamber at +4°C with rabbi. antiserum to human ET-1 (IHC-6901 Peninsula Laboratories, Inc., Belmont, CA. at a dilution of 1 : 500 with 1% BSA in PBS. The preparations were then rinse. with PBS and incubated for 30 min with biotinylated swine anti-rabbit immunoglobulin. at a dilution of 1 : 300 in PBS : BSA followed, after washing in PBS, by incubatio. for 60 min with the ABC complex freshly prepared (diluted 1 : 200). The site. of peroxidase activity were revealed with 0.06% of 3,3'-diaminobenzidin. containing 0.01% of hydrogen peroxide in PBS for 2 min. After the final washing, sections were counterstained with Harris hematoxilin, dehydrated, cleare. in xylene, and mounted in DPX (BDH Laboratory Supplies).

To ensure the identification of the extravillous cytotrophoblast (EVT), we proceeded to the immunocytochemical detection of human placental lactogen (hPL) with a rabbit anti-human placental lactogen antiserum (Dako A/S, Cod. No. A 137).

To guarantee the specificity of the immunologic reactions, adjacen. control sections were subjected to the same method, except that the primar. antibody was replaced by nonimmune immunoglobulin G or used after being preabsorbe. with 15 µM of ET-1 (6901 Peninsula Laboratories, Inc., Belmont, CA). The immunocytochemical detection of ET-1 was performe. in three tissue specimens for each placenta and in six tissue sections fo. each specimen.

Statistical Analysis

An immunostaining score according to the graduated intensities of th. reaction product was defined and scored blindly by one observer in a five-step (−, +, ++, +++, ++++) grading system. The semiquantitative score value. of the two groups (preeclampsia and normal) were compared with one anothe. by using the Mann–Whitney U-test (StatView 5.0.1 software). A p-value < 0.05 was considered significant.

RESULTS

The distribution of ET-1 IR was examined in normal human placentas an. in placentas from preeclamptic pregnancies. ET-1 IR was clearly demonstrate. and its localization was similar in sections of all placentas. There was n. difference in ET-1 expression between placentas from vaginal and cesarea. section deliveries.

In all the gestational ages studied, ET-1 IR was observed in the endotheliu. of blood vessels localized in the mesoderm of normal placental villi as show. in (Figs. 1A and 1B). Although immunostaining was present in virtually all endothelium vessels, a considerable variation in the intensity of staining was noticed, wherea. in some villi, no reaction product was found in the endothelial cells.
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	Figure 1 Immunocytochemical localization of ET-1 in normal huma. placentas. Placental villi demonstrating a difuse ET-1 IR in the syncytiotrophoblasts (S) and in the endothelial cells (arrow heads) of the fetal blood vessel. at 22 (A) and 33 (B) weeks of gestation. The EVT in the basal plate show. an intense immunoreactivity at 38 (C) weeks of gestation, while the cytotrophoblas. in the chorionic plate reveals a weak immunoreactivity (D).
[Medium View]

[Enlarged View]


In all normal placental tissues, the syncytiotrophoblast layer of th. chorionic villi exhibited an intense and diffusely homogeneous distributio. of cytoplasmic immunoreactivity for ET-1 (Figs. 1A and 1B). A positive immunostaining was observe. in the cytotrophoblast cells within the villi of first- and second-trimeste. normal placentas. Because of the paucity of cytotrophoblast cells within th. villi of term placentas, we were unable to determine for sure whether ET-1 IR was present in cytotrophoblast from term placentas. In the basal plat. of second-trimester and term placentas, there are polygonal or round cell. that are immunostained for hPL (data not shown), from which we can conclud. that they are extravillous cytotrophoblast (EVT) [18, 19, 20]. These cells expressed ET-1 IR with various degrees of intensity (Fig. 1C). Faint ET-1 IR was observed in the cytotrophoblast localize. in the chorionic plate of normal placentas regardless of gestational age (Fig. 1D).

The immunocytochemical detection of ET-1 performed on sections of preeclampti. placental fragments revealed a heterogeneous expression of the ET-1 IR. Stainin. was negative or detachable only in some syncytiotrophoblasts and endothelia. cells of fetal vessels of placentas from preeclamptic pregnancies betwee. the 29th and 32nd weeks of gestation (Fig, 2A). Staining was more variable in some syncytiotrophoblasts of the smaller vill. of placental tissue samples from patients with preeclampsia at the 33rd wee. of gestation (Fig 2)B.
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	Figure 2 Photomicrographs showing ET-1-like immunostaining in section. of human placentas from preeclamptic pregnancies. Notice that the trophoblasti. layers (T) and the endothelial cells (arrow heads) of the fetal blood vessel. are negative for ET-1 IR at 32 (A) weeks of gestation, whereas the syncytiotrophoblast (S) and the endothelial cells (arrow heads) reveal a weak reaction at 33 week. of gestation (B) and a stronger immunoreactivity at 36 weeks of gestation (C). The immunoreactivity of all positive cells was completely abolished whe. primary antiserum was substituted by nonimmune serum (D).
[Medium View]

[Enlarged View]


A more intense immunoreactivity was evident in the endothelium of feta. vessels of stem villi. Syncytiotrophoblast was positive mainly in the termina. villi of placental tissue samples from preeclamptic pregnancies between the 35th and the 36th week of gestation (Fig. 2C). At light microscopic level, the difference observed in the immunocytochemica. staining pattern between normal and preeclamptic placentas was very consisten. at 29 to 32 weeks and 33 to 36 weeks (Table 1).

	Table 1 Semiquantitative Analysis of Immunostaining

	
	29–32 Weeks
	33–36 Weeks

	
	N (8 Placentas)
	P (8 Placentas)
	Significance
	N (8 Placentas)
	P (8 Placentas)
	Significance

	


	Note: The range score (+ to 4+) refers to the presence and relative abundance of expression. (—) = no. detectable; (+ / −) = detectable in some cells only; (+)=low level o. expression; (2+ to 3+) = moderate to strong; (4+) = abundant expression. Mann–Whitney U-test. Significance with p value <0.05. Range score and median for each cell type. EVT, extravillou. cytotrophoblast; N, normal placentas; P, preeclamptic placentas.
	
	
	
	
	
	

	Endothelium
	—/2+
	—/1+
	P < 0.05
	—/2+
	—/2+
	NS

	
	(Median 1+)
	(Median 1+)
	
	(Median 1+)
	(Median 1+)
	

	Syncytiotrophoblast
	3 +/4+
	—/1+
	p < 0.001
	3 +/4+
	2 +/3+
	p < 0.001

	
	(Median 4+)
	(Median 1+)
	
	(Median 4+)
	(Median 2+)
	

	EVT
	3+/4+
	3+/4+
	NS
	3+/4+
	3+/4+
	NS

	
	(Median 3+)
	(Median 3+)
	
	(Median 3.5+)
	(Median 3+)
	

	



In all placental tissue samples from basal and chorionic plates of placenta. from preeclamptic pregnancies, a strong ET-1 IR signal was observed in th. EVT regardless of gestational age. Although some variation in the immunoreactivit. to ET-1 was evident in the EVT from normal and preeclamptic placentas, n. obvious difference was observed between the two groups (Table 1). The staining was specific for endothelin because immunostaining was absen. in the placental villi, basal plate, and chorionic plate, when primary antiseru. was substituted by nonimmune serum or preabsorbed with ET-1 (Fig. 2D).

DISCUSSION

In this study, we have investigated the immunocytochemical localizatio. of ET-1 in first-trimester, second-trimester, and term human placentas fro. normal pregnancies and from some preeclamptic gestations. ET-1 IR was presen. in the endothelial cells lining the fetal capillaries of normal placenta. villi at all gestational ages studied. A similar pattern of staining of placenta. endothelium was demonstrated in an earlier report but only in term placentas [6]. This study shows that ET-1 IR is als. present in first- and second-trimester placentas. This suggests that the presenc. of ET-1 in the placenta early in pregnancy probably contributes alone or i. synergy with growth factors to placental development [21]. In human placenta, ET-1 is present at as early a stage as 7 weeks of gestation. No visible differences in intensity of ET-1 IR were observed in the norma. placental group between weeks 7 and 22. However, given the small number o. placentas in this group, we cannot exclude a significant variation in ET-1 expression within the aforementioned period of gestation.

In some fetal vessels, the endothelial cells show an ET-1 IR response, whereas sometimes in adjacent villi, no positive immunostaining was observed. This fact was also reported by other researchers with no explanation for thi. observation [5, 7]. Little is know. about the mechanisms through which endothelin is released from the endothelia. cells. Relying on electron microscopic observation of ET-1 in the cytoplasm, Nakamura et al. [22] suggested that endotheli. is secreted by the constitutive pathway without prior concentration and storag. in secretory granules. Endothelin may then be rapidly released from the cell, which explains the lack of immunostaining observed in some endothelial cells. The expression of endothelin in blood vessels is not universal and may b. a regulated process, as suggested by studies in other organs in which immunostainin. for ET-1 in the vascular endothelium is focal [23], as is the distribution of ET-1 mRNA [24].

Our results show ET-1 immunostaining in the syncytiotrophoblast of norma. villi at all the gestational ages studied. In the first-trimester placentas, the villous cytotrophoblast reveals the presence of ET-1 IR. Because of th. paucity of cytotrophoblast cells within the villi of term placentas, we wer. unable to determine for sure whether ET-1 IR was present in cytotrophoblas. from term placentas. In the EVT of the basal and chorionic plates, ET-1 I. was detected in second-trimester and term placentas.

The present study demonstrates the presence of ET-1 IR in villous an. nonvillous trophoblast, in agreement with some studies [7] but in disagreement with others [4, 5, 6]. According to Malassiné et al. [7], this discrepancy is most likely a result of different methods. In fact, althoug. the ET-1 antibody used was the same—instead of van Papendorp’s et al. [5] and Hemsén’s et al. [4] buffered formalin solution—th. specimens used by Malassiné et al. [7] were fixed by immersion in Bouin solution. Also, his antibody complex wa. visualized by the sensitive ABC procedure instead of peroxidase–antiperoxidase [5] or rhodamine-conjugated second antibody [4].

Wilkes et al. [6] observed a patter. of distribution of ET-1-like immunoreactivity similar to the reports of va. Papendorp et al. [5] and Hemsén e. al. [4]. However, the sections were incubate. in trypsin in both cases, and given the inability of the antibody to distinguis. between ET-1 and big ET-1, it was impossible to determine which isoform wa. detected. Although in the present study the ET-1 antibody and the ABC metho. to visualize the antibody complex were the same used by Malassiné e. al. [7], the specimens were fixed by immersio. in buffered formalin solution similar to methods used by Wilkes et al. [6].

The nonvillous trophoblast is a particular invasive cell populatio. that exerts its effects and its invasiveness by a hitherto insufficientl. and poorly defined mechanism. ET-1 secreted by EVT could act as an autacoid, which stimulates stimulating cellular invasion [25] and controls both maternal and fetal circulation during pregnancy and labor [26]. The possible secretion of ET-1 by th. trophoblast of normal placentas may serve as an important extravascular sourc. for various biological actions, such as growth factor activity during th. proliferation and differentiation of the various cellular populations of th. placenta [21, 27].

The results of the immunocytochemical localization of ET-1 in placenta. sections from preeclamptic pregnancies were partially unexpected. In fact, a heterogeneous expression of ET-1 in the syncytiotrophoblast and a marke. immunoreactivity in the EVT were observed. In many sections, the syncytiotrophoblas. and the endothelial cells of the fetal blood vessels show a weak or even nonexisten. ET-1 staining. However, in some sections, the same cells show positive stainin. with an equal intensity to that observed in placentas from normal pregnancies.

Close analysis of these results shows clearly that weak or absent immunostainin. of the syncytiotrophoblast was observed in sections of placentas from preter. pregnancies with severe preeclampsia. By contrast, the sections where th. ET-1 staining was stronger came from pregnancies with not such serious preeclampsia. The source of ET-1 in placental cells might also result from sequestratio. by binding. In fact, maximum binding of ET-1 to placental membranes is lowe. in preeclamptic pregnancies, compared with preterm normal controls attributabl. to the presence of fewer receptors [28]. However, specific binding of ET-1 to trophoblast cell membranes from preeclampti. pregnancies is already higher in preterm compared with normal controls [28]. Thus, the opposite changes in ET-1 binding associate. with preeclampsia in the endothelium and trophoblast may not explain the les. intensive immunostaining observed in these placentas.

The different intensity of the immunocytochemical reaction observe. between the syncytiotrophoblast from normal and preeclamptic placentas suggest. the presence of distinct concentrations of ET-1 in these cells. This doe. not support the suggestion that the increased plasma endothelin levels i. preeclamptic women [14, 15, 29] may have, at least partially, a trophoblastic origin.

The mechanism of plasma endothelin elevation in preeclampsia is, s. far, unknown, but it may be the result of an abnormal synthesis or releas. of ET-1 by injured endothelial cells [30, 31] with disruption of the endothelial/muscular fiber complex and leakage of endotheli. from its local environment to the bloodstream. Nevertheless, a trophoblasti. origin of endothelin cannot be excluded—whereby an increased diffusio. into the maternal circulation would contribute to the elevated levels of ET-1—thu. explaining the weak positive immunostaining observed in the syncytiotrophoblast.

In this study, and contrary to the syncytiotrophoblast, the EVT fro. preeclamptic placentas shows a strong ET-1 immunostaining. As in the villou. trophoblast, the source of ET-1 in the EVT could be attributable to sequestratio. by binding or through local synthesis. However, nothing is known about th. presence of ET-1 receptors in these cells.

In conclusion, trophoblastic hyperplasia is the most obvious morphologica. alteration of the placenta in preeclamptic pregnancy. Because the number o. trophoblasts exceeds that of any other cell type in the placenta, productio. of ET-1 by trophoblasts may contribute to the regulation of vascular ton. and participate in the pathogenesis of preeclampsia and related disorders, such as intrauterine growth retardation. At the same time, because endothelia. cell dysfunction and probably syncytiotrophoblast alterations are characteristi. features of preeclampsia, endothelial-cell and syncytiotrophoblast-derive. substances, such as endothelin, may play a central role in the pathophysiolog. of this condition. Additional studies in this field should be conducted.

REFERENCES

1. Yanagisawa, M., Kurihara, H., Kimura, S., Tomobe, Y., Kobayashi, M., Mitsui, Y., Yazaki, Y., Goto, K., and Yasaki, T. A Novel Potent Vasoconstrictor Peptide Produced by VascularEndothelial Cells. Nature (1988), 332: 411–415.

2. Stjernquist, M. Endothelins—Vasoactive Peptides and Growth Factors. Cell Tissue Res. (1998), 292: 1–9.

3. Myatt, L., Langdon, G., Brewer, A. S., and Brockman, D. E. Endothelin1-Induced Vasoconstriction Is Not Mediated by ThromboxaneRelease and Action in the Human Fetal-Placental Circulation. Am. J. Obstet. Gynecol. (1991), 165: 1717–1722.

4. Hemsén, A., Gillis, C., Larsson, O., Haegerstrand, A., and Lundberg, J. M. Characterization, Localization and Actions of Endothelins inUmbilical Vessels and Placenta of Man. Acta Physiol. Scand. (1991), 143: 395–404.

5. Van Papendorp, C. L., Cameron, I. T., Davenport, A. P., King, A., Barker, P. J., Huskisson, W. S., Gilmour, R. S., Brow, T. J., and Smith, S. K. Localization and Endogenous Concentration of Endothelin-LikeImmunoreactivity in Human Placenta. J. Endocrinol. (1991), 131: 507–511.

6. Wilkes, B. M., Susin, M., and Mento, P. F. Localization of Endothelin-1-Like Immunoreactivity in HumanPlacenta. J. Histochem. Cytochem. (1993), 41: 535–541.

7. Malassiné, A., Cronier, F., Mondon, T. M., and Ferré, F. Localization and Production of Immunoreactive Endothelin-1 inthe Trophoblast of Human Placenta. Cell Tissue Res. (1993), 271: 491–497.

8. Graf, A.-H., Hutter, H., Hacker, G. H., Steiner, H., Anderson, V., Staudach, A., and Dietze, O. Localization and Distribution of Vasoactive Neuropeptides inthe Human Placenta. Placenta (1996), 17: 413–421.

9. Ferré, F., Nondon, F., Mignot, T. M., Cronier, L., Cavero, I., Rosténe, W., and Malassiné, A. Endothelin-1 Binding Sites and Immunoreactivity in the CulturedHuman Placental Trophoblast: Evidence for an Autocrine and Paracrine Rolefor Endothelin-1. J. Cardiovasc. Pharmacol. (1993), 22(Suppl.): S214–S218.

10. Robert, B., Malassiné, A., Bourgeois, C., Mignot, T. M., Cronier, L., Ferré, F., and Due-Goisau, P. Expression of Endothelin Precursor Genes in Human Trophoblastin Culture. Eur. J. Endocrinol. (1996), 134: 490–496.

11. Fant, M. E., Nanu, L., and Word, R. A. A Potential Role for Endothelin-1 in Human Placental Growth:Interactions with Insulin-Like Growth Factor Family of Peptides. J. Clin. Endocrinol. Metab. (1992), 74: 1158–1163.

12. Cervar, M., and Desoye, G. The Endothelin/Endothelin Receptor System of Human Trophoblastin Normal and Preeclamptic Pregnancies. Trophoblast Res. (1998), 12: 341–357.

13. Greer, I. A., Leask, R., Hodson, B. A., Dawes, J., Kilpatrick, D. C., and Liston, W. A. Endothelin, Elastase and Endothelial Dysfunction in Pre-eclampsia. Lancet (1991), 337: 558.

14. Wolff, K., Nisell, H., Carlström, K., Kublickiene, K., Hemsén, A., Lunell, N. O., and Lindblom, B. Endothelin-1 and Big Endothelin-1 Levels in Normal Term Pregnancyand in Preeclampsia. Regul. Pept. (1996), 67: 211–216.

15. Adam, B., Alper, T., Bedir, B., and Talu, T. Plasma endothelin levels in preeclampsia and eclampsia. J. Maternal-Fetal Invest. (1997), 7: 80–83.

16. Benigni, A., Orisio, S., Gaspari, F., Frusca, T., Amuso, G., and Remuzzi, G. Evidence Against a Pathogenetic Role for Endothelin in Pre-eclampsia. Br. J. Obstet. Gynaecol. (1992), 99: 798–802.

17. Pouta, A. M., Vuolteenaho, O. J., and Laatikainen, T. J. The Association of Plasma Endothelin with Clinical Parametersin Preeclampsia. Hypertens. Pregn. (1998), 17: 135–145.

18. Daya, D., and Sabet, L. The Use of Cytokeratin as a Sensitive and Reliable Marker forTrophoblastic Tissue. Am. J. Clin. Pathol. (1991), 95: 137–141.

19. Genbacev, O., Jensen, K. D., Powlin, S. S., and Miller, R. K. In Vitro Differentiation and Ultrastructure of Human ExtravillousTrophoblast (EVT) cells. Placenta (1993), 14: 463–475.

20. Bernischke, K., and Kaufmann, P. Pathology ofthe Human Placenta Springer-Verlag: New York, (1995).

21. Bourgeois, C., Mignot, T-M., Carbonne, B., and Ferré, F. Endothelin and Human Placental Growth. Trophoblast Res. (1997), 10: 259–277.

22. Nakamura, S., Naruse, M., Naruse, K., Demura, H., and Uemura, H. Immunocytochemical Localization of Endothelin in Cultured BovineEndothelial Cells. Histochemistry (1990), 94: 475–477.

23. Wilkes, B. M., Susin, M., Mento, P. F., Macica, C. M., Girardi, E. P., Boss, E., and Nord, E. P. Localization of Endothelin-1-Like Immunoreactivity in Rat Kidneys. Am. J. Physiol. (1991), 260: F913.

24. Nunez, D. J.R., Brown, M. J., Davenport, A. P., Neylan, C. B., Schofield, J. P., and Wyse, R. K. Endothelin-1 mRNA Is Widely Expressed in Porcine and Human Tissue. J. Clin. Invest. (1990), 85: 1537–1541.

25. Cervar, M., Puerstner, P., Kainer, F., and Desoye, G. Endothelin-1 Stimulates the Proliferation and Invasion of FirstTrimester Trophoblastic Cells In Vitro—A Possible Role in the Etiologyof Pre-eclampsia. J. Invest. Med. (1996), 44: 447–453.

26. Iwata, I., Takagi, T., Yamaji, K., and Tanizawa, O. Increase in the Concentration of Immunoreactive Endothelin inHuman Pregnancy. J. Endocrinol. (1991), 129: 301–307.

27. Hirata, Y., Takagi, Y., Fukuda, Y., and Marumo, F. Endothelin Is a Potent Mitogen for Rat Vascular Smooth MuscleCells. Atherosclerosis (1989), 78: 225–288.

28. Cervar, M., Kainer, F., and Desoye, G. Pre-eclampsia and Gestational Age Differently Alter Bindingof Endothelin-1 to Placental and Trophoblast Membrane Preparations. Mol. Cell. Endocrinol. (1995), 110: 65–71.

29. Taylor, R. N., Varma, M., Teng, N. N.H., and Roberts, J. M. Women with Preeclampsia Have Higher Plasma Endothelin LevelsThan Women with Normal Pregnancies. J. Clin. Endocrinol. Metab. (1990), 71: 1675–1677.

30. Roberts, J. M., Taylor, R. N., Musci, T. J., Rodgers, D. M., Hubel, C. A., and McLaughlin, M. K. Preeclampsia: An Endothelial Cell Disorder. Am. J. Obstet. Gynecol. (1989), 161: 1200–1204.

31. Redman, C. W.G. Platelets and the Beginnings of Preeclampsia. N. Engl. J. Med. (1990), 323: 478–480.

