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Abstract

Objective—The aim of this study was to determine whether the activity of tissue factor (TF) and 

tissue factor pathway inhibitor (TFPI) in the plasma of women with preeclampsia (PE) and a 

small-for-gestational-age (SGA) neonate differs from that of women with normal pregnancy and 

whether they are related to specific placental lesions..

Methods—This cross-sectional study included the following groups: 1) normal pregnancy 

(n=68); 2) PE (n= 128); and 3) SGA (n=56). Maternal plasma TF and TFPI activity was 

determined with chromogenic assays.

Results—1) The median maternal plasma TF activity, but not TFPI activity, differed among the 

study groups (p<0.0001 and p=0.4, respectively); 2) patients with PE had higher median maternal 

plasma TF activity than women with normal pregnancy (p<0.0001) and mothers with SGA fetuses 

(p=0.002); 3) among patients with PE, those with distal villous hypoplasia had higher median 

maternal TF activity than those without these placental lesions (p=0.018); and 4) following 

adjustment for confounding variables, maternal plasma TF and TFPI activity was not associated 

with an SGA neonate.

Conclusions—Plasma TF activity is higher in women with PE than in those with SGA or 

normal pregnancy. We propose that these changes may be responsible, at least in part, for the 

increased in-vivo thrombin generation observed in this obstetrical syndrome.
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INTRODUCTION

The extrinsic pathway of the coagulation cascade is modulated by two major proteins; it is 

activated by tissue factor (TF) [1] Upon its exposure on the endothelium or on activated 

monocytes, TF activates factor VII (FVII) that, in turn, transform factor X to its activated 

form; the latter leads to the generation of thrombin from pro-thrombin [1]. The major 

inhibitor of TF is tissue factor pathway inhibitor (TFPI) that exerts its action on TF/FVIIa 

and Factor X through its three Kunitz domains [2, 3]. TF has a role in systemic inflammation 

[4–8], placental implantation 9, 10], and angiogenesis [11–16]. During normal pregnancy, 

TF is abundant in the uterine decidua, fetal membranes, and amniotic fluid [9–11], resulting 

in an efficient hemostatic mechanism activated during implantation and after delivery [17]. 

TF has also a soluble form — blood-borne TF — that can be detected in the maternal 

plasma. The plasma concentration of TF during normal pregnancy is comparable to the non-

pregnant state [17, 18] and increases during labor [19, 20]. There is a positive correlation 

between TF concentration and activity in women with normal pregnancy [21], and TF 

activity is higher than the non-pregnant state [22].

Further support for the pro-coagulant state reported in preeclampsia and preterm prelabor 

rupture of the membranes (PROM) [23, 24] is the higher median maternal plasma TF 

concentration observed in these patients in comparison to women with normal pregnancy 
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[25–28] as well as the low plasma protein Z concentrations observed in women with 

preeclampsia [29] and those with idiopathic intrauterine bleeding and preterm labor [30]. In 

contrast, in spite of their increased thrombin generation, patients who delivered a small-for-

gestational-age (SGA) neonate had a lower median maternal plasma TF concentration than 

that of women with normal pregnancy [19]. Patients with both preeclampsia and an SGA 

neonate have increased thrombin generation, as evident by elevated maternal plasma 

thrombin anti-thrombin (TAT) complexes concentrations [24, 31–33]. However, patients 

with these obstetrical syndromes differ in their maternal TF concentrations. Therefore, we 

conducted a study aimed to 1) test whether TF and TFPI activity can explain the increased 

thrombin generation in these syndromes and 2) whether the TF and TFPI activity is related 

to specific placental lesions in each study group.

MATERIAL AND METHODS

Study groups and inclusion criteria

This cross-sectional study included patients with singleton gestations in the following 

groups: 1) women with normal pregnancies (n=68); 2) patients with preeclampsia (n=128); 

and 3) women who delivered SGA neonates without preeclampsia (n=56). Patients with 

fetuses with congenital and/or chromosomal anomalies were excluded.

Samples and data were retrieved from the Bank of Biological Materials and the clinical 

databases of the Perinatology Research Branch, Eunice Kennedy Shriver National Institute 

of Child Health and Human Development (NICHD/NIH/DHHS), Wayne State University, 

and the Detroit Medical Center. Many of these samples have been employed to study the 

biology of inflammation, hemostasis, angiogenesis regulation, and growth factor 

concentrations in non-pregnant women, women who had normal pregnancies, and those with 

pregnancy complications.

All women provided written informed consent prior to the collection of maternal blood. The 

Institutional Review Boards of Wayne State University and NICHD approved the collection 

and utilization of samples for research purposes.

Clinical definitions

Women with normal pregnancies met the following criteria: 1) no medical, obstetrical, or 

surgical complications at the time of the study; 2) gestational age ranging from 20 to 41 

weeks; and 3) delivery of a term infant, appropriate for gestational age, without 

complications. Preeclampsia was defined as the presence of hypertension (systolic blood 

pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg on at least two occasions, 

4 hours to 1 week apart) and proteinuria (≥ 300 milligrams in a 24-hour urine collection or 

one dipstick measurement ≥ 2+) [34]. Preeclampsia diagnosed <34 weeks of gestation was 

defined as early onset. A small-for-gestational-age neonate was defined as birthweight < 

10th percentile [35]. Placental histologic findings were classified according to a diagnostic 

schema proposed by Redline et al [36].
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Sample collection and immunoassays

All blood samples were collected into a vacutainer with 0.109M trisodium citrate 

anticoagulant solution (BD Biosciences; San Jose, CA, USA). The samples were centrifuged 

at 1300 g for 10 minutes at 4°C and stored at −70°C until assay.

Human tissue factor immunoassay

TF concentrations were determined by sensitive and specific immunoassays obtained from 

American Diagnostica (Greenwich, CT, USA), which recognize TF-apo, TF, and TF-FVII 

complexes. The assays were conducted according to the manufacturer’s recommendations. 

The coefficient of variation (CV) calculated in our laboratory was 5.3%, and the sensitivity 

was 10 pg/ml.

Human tissue factor activity assay

TF activity was determined by a chromogenic assay obtained from American Diagnostica. 

The assays were conducted according to the manufacturer’s recommendations. The 

calculated intra-assay CV was 1.83%, while the inter-assay CV was 3.58%, and the 

sensitivity of this assay was 0.596 pM.

Human tissue factor pathway inhibitor immunoassay

The concentrations of TFPI in maternal plasma were determined by sensitive and specific 

immunoassays obtained from American Diagnostica. The TFPI ELISA employs, as the 

capture antibody, a murine anti-TFPI monoclonal antibody directed against the Kunitz-1 

domain of the TFPI molecule; therefore, it detects both TFPI-1 and TFPI-2 while measuring 

the total TFPI plasma concentrations. The assay was conducted according to the 

manufacturer’s recommendations. The CV calculated in our laboratory was 6.6%, and the 

sensitivity was approximately 10 ng/ml.

Human tissue factor pathway inhibitor activity assay

TFPI activity was determined by a chromogenic assay obtained from American Diagnostica. 

The assays were conducted according to the manufacturer’s recommendations. The 

calculated intra-assay CV was 5.51%, while the inter-assay CV was 8.74%, and the 

sensitivity was 0.017 unit/ml.

Statistical analysis

Maternal plasma concentrations and activity of TF and TFPI were not normally distributed. 

Thus, the Kruskal-Wallis test with post-hoc analysis by the Mann-Whitney U test was used 

for the comparison of continuous variables. Comparisons of proportions were performed by 

the Chi-square and Fisher’s exact tests. The Spearman's rho test was used to detect a 

correlation between the concentrations and activity of TF, TFPI, and TFPI/TF ratio to the 

gestational age at sample collection. The ratio of TFPI/TF concentration was previously 

calculated [26] and included in the logistic regression models. A p-value < 0.05 was 

considered statistically significant. Analysis was performed with SPSS, version 12 (SPSS 

Inc., Chicago, IL, USA).
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RESULTS

Demographic and clinical characteristics

In comparison to women with normal pregnancies, patients with preeclampsia and those 

who delivered an SGA neonate had a higher median gestational age at sample collection, a 

lower median gestational age at delivery, and a lower median birthweight. Women with 

preeclampsia had a lower gestational age at delivery than women who delivered an SGA 

neonate (Table 1).

Among women with a normal pregnancy, 1) gestational age at sample collection positively 

correlated with maternal plasma TFPI activity (r = 0.3, p = 0.01); 2) the correlation between 

maternal plasma TFPI concentration and activity did not reach statistical significance (r = 

0.3, p = 0.06); and 3) maternal plasma TF activity was negatively correlated with the 

TFPI/TF ratio (r = −0.3, p=0.006).

Changes in the median plasma activity of TF and TFPI in the different study groups

The median maternal plasma TF activity, but not TFPI activity, differed among the study 

groups (Kruskal Wallis, p < 0.0001, p = 0.4, respectively). Patients with preeclampsia had a 

higher median maternal plasma TF activity than women with normal pregnancies (16.1 pM, 

range 2.9–91.2 vs. 9.9 pM, range 0.7–37.6, respectively; p < 0.0001), and patients with SGA 

fetuses (12.9 pM, range 2.5–74.4, p = 0.002). The latter group had higher median maternal 

plasma TF activity than women with normal pregnancies (p = 0.0001) (Figure 1).

Early-onset preeclampsia was associated with higher median maternal plasma TF activity 

than term preeclampsia (18.7 pM, range 8.4–65.9 vs. 15.3 pM, range 2.9–91.2, respectively; 

p = 0.016) (Figure 2).

To determine the association between maternal plasma TF and TFPI activity and 

preeclampsia or SGA, we have constructed three multivariate logistic regression models and 

demonstrated that 1) maternal plasma TF activity and gestational age at sample collection, 

but not TFPI activity, were independently associated with the development of preeclampsia 

(Table 2); 2) the independent association between TF activity and the development of 

preeclampsia remained significant even after the introduction of the TFPI/TF ratio into the 

model (Table 3); and 3) by contrast, only gestational age at sample collection, but not TF or 

TFPI activity, was associated with the delivery of an SGA neonate (Table 4).

Placental histological findings in patients with preeclampsia and SGA and their 
association with the changes in TF and TFPI concentrations and their ratio (TFPI/TF)

Placental histology was available from 88.3% (113/128) of patients in the preeclampsia 

group and 78.6% (44/56) of patients from the SGA group, and the specific findings are 

presented in Table 5. Increased syncytial knots were more frequent in the placentae of 

patients with preeclampsia than in those of patients with SGA neonates [54% (61/113) vs. 

27.3% (12/44), respectively; p=0.004]. Among patients with preeclampsia, those with distal 

villous hypoplasia had higher median maternal TF activity than those without this lesion 

(20.1 pM, range 8.4–91.2 vs. 16.1 pM, range 2.9–59.3, respectively; p=0.018).
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DISCUSSION

Principal findings of the study

1) Patients with preeclampsia or women who delivered an SGA neonate had higher median 

maternal plasma TF activity than those with normal pregnancies; 2) by contrast, the maternal 

plasma TFPI activity did not differ significantly among the study groups; 3) patients who 

developed early-onset preeclampsia had higher median maternal plasma TF activity than 

those who developed this syndrome at term; 4) maternal plasma TF activity was 

independently associated with the development of preeclampsia even after adjustment for 

gestational age at sample collection and with the maternal TFPI/TF ratio; and 5) there was 

no association between the delivery of an SGA neonate with maternal plasma TF and TFPI 

activity after adjustment for gestational age at sample collection.

Changes in maternal plasma TF during normal and complicated pregnancies

During normal pregnancy, TF is abundant in the uterine decidua [37, 38], fetal membranes, 

and amniotic fluid [9, 10, 20, 21], resulting in an efficient hemostatic mechanism activated 

during implantation and after delivery [17]. The maternal plasma concentrations of TF 

during normal pregnancy is similar to the non-pregnant state and increase during labor [11, 

15].

Changes in the maternal plasma TF concentration have been reported in several pregnancy 

complications. Indeed, in comparison to normal pregnancy, the median maternal plasma TF 

concentration increases in patients with preeclampsia [39] or in those with preterm PROM 

[25], decreases in those who deliver an SGA neonate [39], and does not change significantly 

in patients with preterm labor [19] or in women with a fetal demise [21]. Along with the 

increased maternal plasma TAT III complexes concentration reported in these obstetrical 

syndromes [23, 25–27, 29, 40], the changes in the maternal plasma TF concentration were 

regarded as additional evidence for the presence of a procoagulant state in preeclampsia and 

preterm PROM.

The association between maternal plasma TF concentration and procoagulant activity

It is unclear whether the maternal plasma TF concentration reflects a state of activation of 

the coagulation cascade, systemic maternal inflammation, or both. Indeed, the pro-coagulant 

activity of plasma immunoreactive TF (blood-borne TF) of non-pregnant patients is a 

controversial topic. While Butenas et al [41] demonstrated that blood-borne TF has very 

little or no pro-coagulant activity, and that only the administration of exogenous, active TF 

generates a whole blood and plasma clot after the inhibition of the contact factor (factor 

XIIa) [41], others [42–46] have proposed that blood-borne TF does not initiate the 

coagulation cascade, but rather propagates clot formation by attaching to activated platelets, 

further enhancing this process.

The assay used in this study measures TF activity through the generation of factor Xa (FXa) 

in a given sample. Thus, increased TF activity is reflected in elevated FXa formation that 

leads to increased thrombin generation. Therefore, the positive correlation between maternal 

plasma TF concentration and activity in women with normal pregnancy, previously reported 
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by our group [19], suggests that during gestation circulating TF has pro-coagulant properties 

that may be part of the hypercoagulable state of normal pregnancy.

Preeclampsia, SGA, and TF activity

The finding that maternal plasma TF activity was independently associated with the 

development of preeclampsia, but not with the delivery of an SGA neonate, is novel.

What are the possible mechanisms leading to increased TF activity among patients with 
preeclampsia?

The following are possible factors contributing to the higher TF plasma concentration 

among patients with preeclampsia: 1) the exaggerated systemic maternal inflammation 

characterizing patients with preeclampsia [47–55]. Indeed, patients with this syndrome have 

increased monocyte activation when compared to those with a normal pregnancy [49, 55–

64] as well as higher monocyte metabolic activity and oxidative burst than those delivering 

an SGA neonate [65]. Peripheral blood monocytes from the uterine vein of patients with 

preeclampsia showed a higher degree of activation in comparison to those obtained from 

their cubital vein [60], and this has been proposed to be the consequence of maternal 

monocyte activation during their passage through the placental bed of patients with 

preeclampsia [60]. 2) A second mechanism to consider is the production of microparticles 

containing TF and their release into the maternal circulation. Activated monocytes are a 

possible source of such microparticles that express TF on their membranes [5, 41, 66–72] 

and shed microparticles containing TF [41, 46, 73–76] into the plasma during systemic 

inflammation. The placenta may be an additional source for microparticles. Indeed, patients 

with preeclampsia have increased syncytiotrophoblast and endothelial macrovesicle 

production [77–82]. Additionally, a higher apoptosis rate was observed in cultured 

cytotrophoblasts of patients with preeclampsia and fetal growth restriction, and the primary 

placental tissues of these patients had 1.8- and 1.9-fold increases in the apoptosis rate 

compared to the controls [83]. Placentas of patients with preeclampsia have higher degrees 

of ischemia [84] and apoptosis [82] associated with microparticle generation. Placental 

microparticles that would carry the placental isoform of TF, which is different than 

recombinant TF and has a higher affinity for FVIIa [85], and syncytiotrophoblast 

microvesicles released from placentas of patients with preeclampsia, exhibit increased TF 

activity than that of women with a normal pregnancy; a recent study suggested that 

macrovesicles released from the placentas of patients with preeclampsia exhibit increased 

TF activity, and when they were added to platelet-poor plasma, they led to increase thrombin 

generation [86]. 3) Patients with preeclampsia had a significant reduction in their 

microparticle-induced thrombin generation after treatment with anti-FVII antibodies [87]. 

Thus, the authors [87] concluded that a higher proportion of thrombin generation is derived 

from the extrinsic pathway of coagulation in patients with preeclampsia. This is in accord 

with our own findings, since TF is the activator of the extrinsic pathway of coagulation, and 

the increased maternal plasma activity of this coagulation factor among patients with 

preeclampsia reported herein may contribute to the observation made by VanWijk et al [87]. 

Moreover, maternal plasma TF activity is increased in patients who developed early-onset 

preeclampsia, suggesting an association between TF activity and the severity of this 

syndrome.
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Tissue factor and maternal thrombin generation in women who delivered an SGA neonate

The finding that women who delivered an SGA neonate have higher median maternal 

plasma TF activity than women with a normal pregnancy is novel. TF activity, however, was 

not independently associated with the delivery of an SGA neonate. The association between 

the higher TAT III complexes concentration reported in these patients [24] and the activation 

of TF in the maternal plasma is not clear. Our group reported that although women who 

delivered an SGA neonate have faster thrombin generation kinetics, they do not generate 

significantly more thrombin than women who had a normal pregnancy [88]. In addition, the 

median maternal plasma TF concentration was lower in the SGA group than in the 

preeclampsia as well as the normal pregnancy groups, while the TFPI concentration and 

activity did not differ from that of women with a normal pregnancy [39]. Collectively, these 

findings suggest that patients with an SGA neonate have higher TF activity compared to 

women who had a normal pregnancy, and this may contribute to the faster thrombin 

generation kinetics in these patients. However, the low maternal plasma TF concentration 

and the normal TFPI concentration result in a higher TFPI/TF ratio that may lead to less 

activation of the extrinsic pathway of coagulation.

In conclusion, maternal plasma TF activity, although high in patients who developed 

preeclampsia and those who delivered an SGA neonate, is independently associated only 

with the development of preeclampsia and is higher in patients with the early-onset form 

than in those who developed preeclampsia later during gestation. This finding supports the 

procoagulant activity of blood-borne TF in complicated pregnancies, especially among 

patients with preeclampsia, and further emphasizes the role of the extrinsic pathway of 

coagulation in this obstetrical syndrome.

Acknowledgments

This research was supported, in part, by the Perinatology Research Branch, Program for Perinatal Research and 
Obstetrics, Division of Intramural Research, Eunice Kennedy Shriver National Institute of Child Health and Human 
Development, National Institutes of Health, Department of Health and Human Services (NICHD/NIH/DHHS); and, 
in part, with Federal funds from NICHD/NIH/DHHS under Contract No. HHSN275201300006C.

References

1. White, CG., IIMarder, VJ.Schulman, S.Aird, WC., Bennet, JS., editors. Thrombosis and hemostasis. 
6. Philadelphia PA: Lippencott Williams & Wilkins; 2013. Overview of basic coagulation and 
fibrinolysis; p. 103-10.

2. Broze GJ Jr, Girard TJ, Novotny WF. Regulation of coagulation by a multivalent Kunitz-type 
inhibitor. Biochemistry. 1990; 29:7539–7546. [PubMed: 2271516] 

3. Broze GJ Jr, Warren LA, Novotny WF, Higuchi DA, Girard JJ, Miletich JP. The lipoprotein-
associated coagulation inhibitor that inhibits the factor VII-tissue factor complex also inhibits factor 
Xa: insight into its possible mechanism of action. Blood. 1988; 71:335–343. [PubMed: 3422166] 

4. Osterud B. Tissue factor expression by monocytes: regulation and pathophysiological roles. Blood 
Coagul Fibrinolysis. 1998; 9:S9–S14. [PubMed: 9819023] 

5. Osterud B, Bjorklid E. Sources of tissue factor. Semin Thromb Hemost. 2006; 32:11–23. [PubMed: 
16479458] 

6. Schouten M, Wiersinga WJ, Levi M, van der PT. Inflammation, endothelium, and coagulation in 
sepsis. J Leukoc Biol. 2008; 83:536–545. [PubMed: 18032692] 

Erez et al. Page 8

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Gando S, Kameue T, Nanzaki S, Hayakawa T, Nakanishi Y. Participation of tissue factor and 
thrombin in posttraumatic systemic inflammatory syndrome. Crit Care Med. 1997; 25:1820–1826. 
[PubMed: 9366764] 

8. Green J, Doughty L, Kaplan SS, Sasser H, Carcillo JA. The tissue factor and plasminogen activator 
inhibitor type-1 response in pediatric sepsis-induced multiple organ failure. Thromb Haemost. 2002; 
87:218–223. [PubMed: 11858480] 

9. Lockwood CJ, Krikun G, Rahman M, Caze R, Buchwalder L, Schatz F. The role of decidualization 
in regulating endometrial hemostasis during the menstrual cycle, gestation, and in pathological 
states. Semin Thromb Hemost. 2007; 33:111–117. [PubMed: 17253197] 

10. Dusse LM, Carvalho MG, Cooper AJ, Lwaleed BA. Tissue factor and tissue factor pathway 
inhibitor: a potential role in pregnancy and obstetric vascular complications? Clin Chim Acta. 
2006; 372:43–46. [PubMed: 16713593] 

11. Ruf W, Mueller BM. Tissue factor in cancer angiogenesis and metastasis. Curr Opin Hematol. 
1996; 3:379–384. [PubMed: 9372105] 

12. Wojtukiewicz MZ, Sierko E, Klement P, Rak J. The hemostatic system and angiogenesis in 
malignancy. Neoplasia. 2001; 3:371–84. [PubMed: 11687948] 

13. Nash GF, Walsh DC, Kakkar AK. The role of the coagulation system in tumour angiogenesis. 
Lancet Oncol. 2001; 2:608–613. [PubMed: 11902551] 

14. Brodsky SV. Coagulation, fibrinolysis and angiogenesis: new insights from knockout mice. Exp 
Nephrol. 2002; 10:299–306. [PubMed: 12381913] 

15. Schatz F, Krikun G, Caze R, Rahman M, Lockwood CJ. Progestin-regulated expression of tissue 
factor in decidual cells: implications in endometrial hemostasis, menstruation and angiogenesis. 
Steroids. 2003; 68:849–860. [PubMed: 14667977] 

16. Belting M, Ahamed J, Ruf W. Signaling of the tissue factor coagulation pathway in angiogenesis 
and cancer. Arterioscler Thromb Vascular Biol. 2005; 25:1545–1550.

17. Hahn L. On fibrinolysis and coagulation during parturition and menstruation. Acta Obstet Gynecol 
Scand Suppl. 1974; 28:7–40. [PubMed: 4599650] 

18. Holmes VA, Wallace JM. Haemostasis in normal pregnancy: a balancing act? Biochem SocTrans. 
2005; 33:428–432.

19. Erez O, Romero R, Vaisbuch E, Kusanovic JP, Mazaki-Tovi S, Chaiworapongsa T, et al. High 
tissue factor activity and low tissue factor pathway inhibitor concentrations in patients with 
preterm labor. J Matern Fetal Neonatal Med. 2010; 23:23–33. [PubMed: 19883261] 

20. Uszynski M, Zekanowska E, Uszynski W, Kuczynski J. Tissue factor (TF) and tissue factor 
pathway inhibitor (TFPI) in amniotic fluid and blood plasma: implications for the mechanism of 
amniotic fluid embolism. Eur J Obstet Gynecol Reprod Biol. 2001; 95:163–166. [PubMed: 
11301162] 

21. Erez O, Gotsch F, Mazaki-Tovi S, Vaisbuch E, Kusanovic JP, Kim CJ, et al. Evidence of maternal 
platelet activation, excessive thrombin generation, and high amniotic fluid tissue factor 
immunoreactivity and functional activity in patients with fetal death. J Matern Fetal Neonatal Med. 
2009; 22:672–687. [PubMed: 19736615] 

22. Rousseau A, Favier R, Van Dreden P. Elevated circulating soluble thrombomodulin activity, tissue 
factor activity and circulating procoagulant phospholipids: new and useful markers for pre-
eclampsia? Eur J Obstetr Gynecol Reprod Biol. 2009; 146:46–49.

23. Chaiworapongsa T, Espinoza J, Yoshimatsu J, Kim YM, Bujold E, Edwin S, et al. Activation of 
coagulation system in preterm labor and preterm premature rupture of membranes. J Matern Fetal 
Neonatal Med. 2002; 11:368–373. [PubMed: 12389650] 

24. Chaiworapongsa T, Yoshimatsu J, Espinoza J, Kim YM, Berman S, Edwin S, et al. Evidence of in 
vivo generation of thrombin in patients with small-for-gestational-age fetuses and pre-eclampsia. J 
Matern Fetal Neonatal Med. 2002; 11:362–367. [PubMed: 12389649] 

25. Erez O, Espinoza J, Chaiworapongsa T, Gotsch F, Kusanovic JP, Than NG, et al. A link between a 
hemostatic disorder and preterm PROM: a role for tissue factor and tissue factor pathway inhibitor. 
J Matern Fetal Neonatal Med. 2008; 21:732–744. [PubMed: 19012190] 

Erez et al. Page 9

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



26. Erez O, Romero R, Hoppensteadt D, Than NG, Fareed J, Mazaki-Tovi S, et al. Tissue factor and its 
natural inhibitor in pre-eclampsia and SGA. J Matern Fetal Neonatal Med. 2008; 21:855–869. 
[PubMed: 19065458] 

27. Bellart J, Gilabert R, Angles A, Piera V, Miralles RM, Monasterio J, et al. Tissue factor levels and 
high ratio of fibrinopeptide A:D-dimer as a measure of endothelial procoagulant disorder in pre-
eclampsia. Br J Obstet Gynaecol. 1999; 106:594–597. [PubMed: 10426619] 

28. Schjetlein R, Abdelnoor M, Haugen G, Husby H, Sandset PM, Wisloff F. Hemostatic variables as 
independent predictors for fetal growth retardation in preeclampsia. Acta Obstet Gynecol Scand. 
1999; 78:191–197. [PubMed: 10078579] 

29. Erez O, Hoppensteadt D, Romero R, Espinoza J, Goncalves L, Nien JK, et al. Preeclampsia is 
associated with low concentrations of protein Z. J Matern Fetal Neonatal Med. 2007; 20:661–667. 
[PubMed: 17701666] 

30. Kusanovic JP, Espinoza J, Romero R, Hoppensteadt D, Nien JK, Kim CJ, et al. Plasma protein Z 
concentrations in pregnant women with idiopathic intrauterine bleeding and in women with 
spontaneous preterm labor. J Matern Fetal Neonatal Med. 2007; 20:453–463. [PubMed: 17674255] 

31. Cadroy Y, Grandjean H, Pichon J, Desprats R, Berrebi A, Fournie A, et al. Evaluation of six 
markers of haemostatic system in normal pregnancy and pregnancy complicated by hypertension 
or pre-eclampsia. Br J Obstet Gynaecol. 1993; 100:416–420. [PubMed: 8518239] 

32. de Boer K, ten Cate JW, Sturk A, Borm JJ, Treffers PE. Enhanced thrombin generation in normal 
and hypertensive pregnancy. Am J Obstet Gynecol. 1989; 160:95–100. [PubMed: 2521425] 

33. Higgins JR, Walshe JJ, Darling MR, Norris L, Bonnar J. Hemostasis in the uteroplacental and 
peripheral circulations in normotensive and pre-eclamptic pregnancies. Am J Obstet Gynecol. 
1998; 179:520–526. [PubMed: 9731863] 

34. ACOG practice bulletin. Diagnosis and management of preeclampsia and eclampsia. Number 33, 
January 2002. Obstet Gynecol. 2002; 99:159–167. [PubMed: 16175681] 

35. Alexander GR, Himes JH, Kaufman RB, Mor J, Kogan M. A United States national reference for 
fetal growth. Obstet Gynecol. 1996; 87:163–168. [PubMed: 8559516] 

36. Redline RW, Heller D, Keating S, Kingdom J. Placental diagnostic criteria and clinical 
correlation--a workshop report. Placenta. 2005; 26:S114–S117. [PubMed: 15837060] 

37. Lockwood CJ, Krikun G, Schatz F. The decidua regulates hemostasis in human endometrium. 
Semin Reprod Endocrinol. 1999; 17:45–51. [PubMed: 10406075] 

38. Lockwood CJ, Krikun G, Caze R, Rahman M, Buchwalder LF, Schatz F. Decidual cell-expressed 
tissue factor in human pregnancy and its involvement in hemostasis and preeclampsia-related 
angiogenesis. Ann NY Acad Sci. 2008; 1127:67–72. [PubMed: 18443332] 

39. Erez O, Hoppensteadt D, Than NG, Fareed J, Mazaki-Tovi S, Espinoza J, et al. Tissue factor and 
its natural inhibitor in preeclampsia and SGA. Reprod Sci. 2007; 14:182A. [PubMed: 17636230] 

40. Elovitz MA, Baron J, Phillippe M. The role of thrombin in preterm parturition. Am J Obstet 
Gynecol. 2001; 185:1059–1063. [PubMed: 11717633] 

41. Butenas S, Bouchard BA, Brummel-Ziedins KE, Parhami-Seren B, Mann KG. Tissue factor 
activity in whole blood. Blood. 2005; 105:2764–2770. [PubMed: 15604222] 

42. Balasubramanian V, Grabowski E, Bini A, Nemerson Y. Platelets, circulating tissue factor, and 
fibrin colocalize in ex vivo thrombi: real-time fluorescence images of thrombus formation and 
propagation under defined flow conditions. Blood. 2002; 100:2787–2792. [PubMed: 12351386] 

43. Balasubramanian V, Vele O, Nemerson Y. Local shear conditions and platelet aggregates regulate 
the incorporation and activity of circulating tissue factor in ex-vivo thrombi. Thromb Haemost. 
2002; 88:822–826. [PubMed: 12428101] 

44. Chou J, Mackman N, Merrill-Skoloff G, Pedersen B, Furie BC, Furie B. Hematopoietic cell-
derived microparticle tissue factor contributes to fibrin formation during thrombus propagation. 
Blood. 2004; 104:3190–3197. [PubMed: 15280200] 

45. Kobayashi M, Wada H, Wakita Y, Shimura M, Nakase T, Hiyoyama K, et al. Decreased plasma 
tissue factor pathway inhibitor levels in patients with thrombotic thrombocytopenic purpura. 
Thromb Haemost. 1995; 73:10–14. [PubMed: 7740478] 

46. Osterud B. Cellular interactions in tissue factor expression by blood monocytes. Blood Coagul 
Fibrinolysis. 1995; 6(Suppl 1):S20–S25.

Erez et al. Page 10

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



47. Gervasi MT, Chaiworapongsa T, Naccasha N, Blackwell S, Yoon BH, Maymon E, et al. 
Phenotypic and metabolic characteristics of maternal monocytes and granulocytes in preterm labor 
with intact membranes. Am J Obstet Gynecol. 2001; 185:1124–1129. [PubMed: 11717645] 

48. Carr DB, McDonald GB, Brateng D, Desai M, Thach CT, Easterling TR. The relationship between 
hemodynamics and inflammatory activation in women at risk for preeclampsia. Obstetr Gynecol. 
2001; 98:1109–1116.

49. Redman CW, Sargent IL. The pathogenesis of pre-eclampsia. Gynecol Obstet Fertil. 2001; 29:518–
522. [PubMed: 11575148] 

50. Chaiworapongsa T, Gervasi MT, Refuerzo J, Espinoza J, Yoshimatsu J, Berman S, et al. Maternal 
lymphocyte subpopulations (CD45RA+ and CD45RO+) in preeclampsia. Am J Obstet Gynecol. 
2002; 187:889–893. [PubMed: 12388971] 

51. Redman CW, Sargent IL. Pre-eclampsia, the placenta and the maternal systemic inflammatory 
response--a review. Placenta. 2003; 24:S21–S27. [PubMed: 12842410] 

52. Sargent IL, Germain SJ, Sacks GP, Kumar S, Redman CW. Trophoblast deportation and the 
maternal inflammatory response in pre-eclampsia. J Reprod Immunol. 2003; 59:153–160. 
[PubMed: 12896819] 

53. Borzychowski AM, Sargent IL, Redman CW. Inflammation and pre-eclampsia. Semin Fetal 
Neonatal Med. 2006; 11:309–316. [PubMed: 16828580] 

54. Saito S, Sakai M. Th1/Th2 balance in preeclampsia. J Reprod Immunol. 2003; 59:161–173. 
[PubMed: 12896820] 

55. Redman CW, Sacks GP, Sargent IL. Preeclampsia: an excessive maternal inflammatory response to 
pregnancy. Am J Obstet Gynecol. 1999; 180(2 Pt 1):499–506. [PubMed: 9988826] 

56. Bailey K, Herrod HG, Younger R, Shaver D. Functional aspects of T-lymphocyte subsets in 
pregnancy. Obstetr Gynecol. 1985; 66:211–215.

57. Haeger M, Unander M, Norder-Hansson B, Tylman M, Bengtsson A. Complement, neutrophil, and 
macrophage activation in women with severe preeclampsia and the syndrome of hemolysis, 
elevated liver enzymes, and low platelet count. Obstetr Gynecol. 1992; 79:19–26.

58. Daniel Y, Kupferminc MJ, Baram A, Jaffa AJ, Fait G, Wolman I, et al. Plasma interleukin-12 is 
elevated in patients with preeclampsia. Am J Reprod Immunol. 1998; 39:376–380. [PubMed: 
9645268] 

59. Gervasi MT, Chaiworapongsa T, Pacora P, Naccasha N, Yoon BH, Maymon E, et al. Phenotypic 
and metabolic characteristics of monocytes and granulocytes in preeclampsia. Am J Obstet 
Gynecol. 2001; 185:792–797. [PubMed: 11641653] 

60. Mellembakken JR, Aukrust P, Olafsen MK, Ueland T, Hestdal K, Videm V. Activation of 
leukocytes during the uteroplacental passage in preeclampsia. Hypertension. 2002; 39:155–160. 
[PubMed: 11799095] 

61. Sakai M, Tsuda H, Tanebe K, Sasaki Y, Saito S. Interleukin-12 secretion by peripheral blood 
mononuclear cells is decreased in normal pregnant subjects and increased in preeclamptic patients. 
Am J Reprod Immunol. 2002; 47:91–97. [PubMed: 11900593] 

62. Holthe MR, Lyberg T, Staff AC, Berge LN. Leukocyte-platelet interaction in pregnancies 
complicated with preeclampsia. Platelets. 2005; 16:91–97. [PubMed: 15823865] 

63. Schiessl B. Inflammatory response in preeclampsia. Mol Aspects Med. 2007; 28:210–219. 
[PubMed: 17532463] 

64. Saito S, Shiozaki A, Nakashima A, Sakai M, Sasaki Y. The role of the immune system in 
preeclampsia. Mol Aspects Med. 2007; 28:192–209. [PubMed: 17433431] 

65. Ogge G, Romero R, Chaiworapongsa T, Gervasi MT, Pacora P, Erez O, et al. Leukocytes of 
pregnant women with small-for-gestational age neonates have a different phenotypic and 
metabolic activity from those of women with preeclampsia. J Matern Fetal Neonatal Med. 2010; 
23:476–487. [PubMed: 19916874] 

66. Satta N, Toti F, Feugeas O, Bohbot A, Dachary-Prigent J, Eschwege V, et al. Monocyte 
vesiculation is a possible mechanism for dissemination of membrane-associated procoagulant 
activities and adhesion molecules after stimulation by lipopolysaccharide. J Immunol. 1994; 
153:3245–3255. [PubMed: 7522256] 

Erez et al. Page 11

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



67. Osterud B. The role of platelets in decrypting monocyte tissue factor. Semin Hematol. 2001; 38(4 
Suppl 12):2–5.

68. Sabatier F, Roux V, Anfosso F, Camoin L, Sampol J, Dignat-George F. Interaction of endothelial 
microparticles with monocytic cells in vitro induces tissue factor-dependent procoagulant activity. 
Blood. 2002; 99:3962–3970. [PubMed: 12010795] 

69. Shet AS, Aras O, Gupta K, Hass MJ, Rausch DJ, Saba N, et al. Sickle blood contains tissue factor-
positive microparticles derived from endothelial cells and monocytes. Blood. 2003; 102:2678–
2683. [PubMed: 12805058] 

70. Eilertsen KE, Osterud B. The role of blood cells and their microparticles in blood coagulation. 
Biochem Soc Trans. 2005; 33(Pt 2):418–422. [PubMed: 15787619] 

71. Baroni M, Pizzirani C, Pinotti M, Ferrari D, Adinolfi E, Calzavarini S, et al. Stimulation of P2 
(P2X7) receptors in human dendritic cells induces the release of tissue factor-bearing 
microparticles. FASEB J. 2007; 21:1926–1933. [PubMed: 17314141] 

72. Poitevin S, Cochery-Nouvellon E, Dupont A, Nguyen P. Monocyte IL-10 produced in response to 
lipopolysaccharide modulates thrombin generation by inhibiting tissue factor expression and 
release of active tissue factor-bound microparticles. Thromb Haemost. 2007; 97:598–607. 
[PubMed: 17393023] 

73. Bach RR, Moldow CF. Mechanism of tissue factor activation on HL-60 cells. Blood. 1997; 
89:3270–3276. [PubMed: 9129032] 

74. Butenas S, Mann KG. Blood coagulation. Biochemistry (Mosc). 2002; 67:3–12. [PubMed: 
11841335] 

75. Egorina EM, Sovershaev MA, Bjorkoy G, Gruber FX, Olsen JO, Parhami-Seren B, et al. 
Intracellular and surface distribution of monocyte tissue factor: application to intersubject 
variability. Arterioscler Thromb Vasc Biol. 2005; 25:1493–1498. [PubMed: 15860742] 

76. Rivers RP, Hathaway WE, Weston WL. The endotoxin-induced coagulant activity of human 
monocytes. Br J Haematol. 1975; 30:311–316. [PubMed: 1201214] 

77. Chen Y, Huang Y, Jiang R, Teng Y. Syncytiotrophoblast-derived microparticle shedding in early-
onset and late-onset severe pre-eclampsia. Int J Gynaecol Obstet. 2012; 119:234–238. [PubMed: 
22986096] 

78. Guller S, Ma YY, Fu HH, Krikun G, Abrahams VM, Mor G. The placental syncytium and the 
pathophysiology of preeclampsia and intrauterine growth restriction: a novel assay to assess 
syncytial protein expression. Ann NY Acad Sci. 2008; 1127:129–133. [PubMed: 18443340] 

79. Marques FK, Campos FM, Sousa LP, Teixeira-Carvalho A, Dusse LM, Gomes KB. Association of 
microparticles and preeclampsia. Mol Biol Rep. 2013; 40:4553–4559. [PubMed: 23645085] 

80. Orozco AF, Jorgez CJ, Ramos-Perez WD, Popek EJ, Yu X, Kozinetz CA, et al. Placental release of 
distinct DNA-associated micro-particles into maternal circulation: reflective of gestation time and 
preeclampsia. Placenta. 2009; 30:891–897. [PubMed: 19692120] 

81. Petrozella L, Mahendroo M, Timmons B, Roberts S, McIntire D, Alexander JM. Endothelial 
microparticles and the antiangiogenic state in preeclampsia and the postpartum period. Am J 
Obstet Gynecol. 2012; 207:140–146.

82. Redman CW, Sargent IL. Microparticles and immunomodulation in pregnancy and pre-eclampsia. 
J Reprod Immunol. 2007; 76:61–67. [PubMed: 17482271] 

83. Langbein M, Strick R, Strissel PL, Vogt N, Parsch H, Beckmann MW, et al. Impaired 
cytotrophoblast cell-cell fusion is associated with reduced Syncytin and increased apoptosis in 
patients with placental dysfunction. Mol Reprod Dev. 2008; 75:175–183. [PubMed: 17546632] 

84. Reddy A, Zhong XY, Rusterholz C, Hahn S, Holzgreve W, Redman CW, et al. The effect of labour 
and placental separation on the shedding of syncytiotrophoblast microparticles, cell-free DNA and 
mRNA in normal pregnancy and pre-eclampsia. Placenta. 2008; 29:942–949. [PubMed: 
18834630] 

85. Butenas S, Krudysz-Amblo J, Mann KG. Posttranslational modifications and activity of natural and 
recombinant tissue factor. Thromb Res. 2010; 125(Suppl 1):S26–S28. [PubMed: 20138335] 

86. Gardiner C, Tannetta DS, Simms CA, Harrison P, Redman CW, Sargent IL. Syncytiotrophoblast 
microvesicles released from pre-eclampsia placentae exhibit increased tissue factor activity. PLoS 
One. 2011; 6:e26313. [PubMed: 22022598] 

Erez et al. Page 12

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



87. VanWijk MJ, Boer K, Berckmans RJ, Meijers JC, van der Post JA, Sturk A, et al. Enhanced 
coagulation activation in preeclampsia: the role of APC resistance, microparticles and other 
plasma constituents. Thromb Haemost. 2002; 88:415–420. [PubMed: 12353069] 

88. Erez O, Romero R, E V, Kusanovic JP, Mazaki-Tovi S, Gotsch F, et al. The pattern and magnitude 
of in-vivo thrombin generation is different in women with preeclampsia and in those with SGA 
fetuses without preeclampsia. Reprod Sci. 2009; 16:170A.

Erez et al. Page 13

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Maternal plasma tissue factor activity in women with normal pregnancies, preeclampsia, or 

SGA neonates.

Erez et al. Page 14

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Maternal plasma tissue factor activity in women with early-onset or term preeclampsia.
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Table I

Demographic and clinical characteristics of the study population

Normal
pregnancy

(n=68)

Preeclampsia
(n=128)

SGA
(n=56)

Maternal age (years) 24 (21–27) 25(20–31) 25 (20–30)

Graviditya

    1 14 (21.2) 43 (33.9) 11 (20.4)

    2–5 42 (63.6) 70 (55.1) 36 (66.7)

    ≥6 10 (15.2) 14 (11.0) 7 (13.0)

Parityb

    1 37 (55.2) 93 (73.2) 34 (61.8)

    2–5 29 (43.3) 30 (23.6) 20 (36.4)

    ≥6 1 (1.5) 4 (3.1) 1 (1.8)

Ethnic originc

  • African-American 50 (76.9) 106 (84.1) 46 (86.8)

  • Caucasian 11(16.9) 13 (10.3) 4 (7.5)

  • Hispanic 2 (3.1) 5 (4.0) 1 (1.9)

  • Asian 2 (3.1) 1 (0.8) 1 (1.9)

  • Other 0 1 (0.8) 1 (1.9)

Gestational age at blood collection (weeks) 31.8 (27.7–34.8) 34.3* (30.2–37.6) 37.2* (31.7–38.4)

Gestational age at delivery (weeks) 39.6 (38.5–40.5) 34.6*‡ (31.0–37.9) 37.6* (34.4–39.0)

Neonatal birthweight (grams) 3335 (3014–3695) 1920* (1215–2702) 2110* (1490–2510)

Data are presented as median (minimum, maximum) or numbers (%).

SGA: small for gestational age.

a
Normal pregnancy (n=66); preeclampsia (n=127); SGA (n=54).

b
Normal pregnancy (n=67); preeclampsia (n=127); SGA (n=55).

c
Normal pregnancy (n=65); preeclampsia (n=126); SGA (n=53).

*
p<0.05 in comparison to normal pregnancy.

‡
p<0.05 in comparison to SGA.
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Table 2

Multiple logistic regression analysis of the association of maternal plasma tissue factor pathway inhibitor and 

tissue factor concentrations — activity as well as the interactions between each analyte concentration and 

activity and preeclampsia.

Factor OR (95% CI)

Gestational age at sample collection (weeks) 1.09 (1.03–1.14)

TF activity (pM) 1.07 (1.04–1.11)

TFPI activity (unit/ml) 1.6 (0.8–3.2)

OR: odds ratio; CI: confidence interval; TF: tissue factor; TFPI: tissue factor pathway inhibitor.
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Table 3

Multiple logistic regression analysis of the association of maternal plasma tissue factor pathway inhibitor /

tissue factor ratio and preeclampsia.

Factor OR (95% CI)

Gestational age at sample collection (weeks) 1.13 (1.06–1.22)

TF activity (pM) 1.08 (1.02–1.13)

TFPI/TF ratio 0.97 (0.96–0.98)

TFPI activity (unit/ml) 2.8 (0.94–8.35)

TFPI/TF: Tissue factor pathway inhibitor/Tissue factor; OR: odds ratio; CI: confidence interval.
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Table 4

Multiple logistic regression analysis of the association of maternal plasma tissue factor pathway inhibitor and 

tissue factor concentrations, activity as well as the interaction between each analyte concentration and activity 

and SGA.

Factor OR (95% CI)

Gestational age at sample collection (weeks) 1.12 (1.05–1.2)

TFPI activity (unit/ml) 0.93 (0.38–2.25)

TF activity (Pm) 0.99 (0.96–1.2)

OR: odds ratio; CI: confidence interval; TF: tissue factor; TFPI: tissue factor pathway inhibitor.
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Table 5

A comparison of placental histologic lesions between patients with preeclampsia and patients who delivered 

an SGA neonate.

Placental histologic findings Preeclampsia
(n=113)

SGA
(n=44)

p value

Findings consistent with amniotic fluid infection

Chorioamnionitis, maternal response 7 (6.2) 4 (9) 0.5

Funisitis, fetal response 2 (1.8) 4 (9) 0.05

Findings consistent with maternal underperfusion

Remote villous infarcts 21 (18.6) 5 (11.4) 0.3

Recent villous infarcts 6 (5.3) 0 0.2

Increased syncytial knots 61 (54) 12 (27.3) 0.004

Villous agglutination 14 (12.4) 7 (15.9) 0.6

Increased intervillous fibrin 26 (23.0) 7 (15.7) 0.4

Distal villous hypoplasia 28 (24.8) 6 (13.6) 0.19

Persistent muscularization of basal plate arteries 4 (3.5) 2 (4.5) 0.6

Mural hypertrophy of decidual arterioles 8 (7.1) 4 (9.1) 0.7

Acute atherosis of basal plate arteries/ decidual arterioles 16 (14.2) 2 (4.5) 0.1

Findings consistent with fetal vascular thrombo-occlusive disease

Villous changes 9 (6.1) 4 (9.1) 0.8

Chronic villitis with obliterative fetal vasculopathy 9 (8) 5 (11.4) 0.5

Data are presented as numbers (%)
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