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Abstract

Objective—Preterm parturition has been associated with decidual vascular disorders and excessive
thrombin generation. The objective of this study was to examine maternal plasma concentrations of
protein Z in normal pregnancies, as well as in those presenting with spontaneous preterm labor (PTL)
and intrauterine bleeding during pregnancy.

Study design—A cross-sectional study was designed to include patients with preterm labor and
intact membranes and those with idiopathic intrauterine bleeding during pregnancy. Protein Z plasma
concentrations were measured in the following groups: 1) normal pregnant women (n=71); 2) patients
at term with (n=67) and without labor (n=88); 3) patients with spontaneous PTL before 34 weeks
who were classified into: a) PTL with intra-amniotic infection/inflammation (IAl; n=35), b) PTL
without 1Al (n=54), and c) patients with PTL who delivered at term (n=49); and 4) patients with
idiopathic intrauterine bleeding in the second and third trimester who were divided into: a) subsequent
spontaneous PTL and delivery, and b) term delivery. Maternal plasma protein Z concentration was
measured by a specific and sensitive immunoassay. Moreover, the amniotic fluid concentration of
protein Z was determined in a subset of patients with preterm labor (n=30).

Results—1) There was no correlation between maternal plasma protein Z concentration and
gestational age in normal pregnant women. 2) The mean maternal plasma concentration of protein
Z was significantly lower in women during spontaneous labor at term than in those not in labor [mean:
2.15 pg/mL (95% ClI: 2.01-2.29) vs. mean: 2.45 £ 0.52 pg/mL (95% Cl: 2.34-2.56), respectively;
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p=0.001]; 3) Women with PTL without Al who delivered preterm had a significantly lower mean
protein Z concentration than normal pregnant women [mean: 2.12 pg/mL (95% ClI: 1.98-2.26) vs.
mean: 2.39 pg/mL (95% CI: 2.28-2.5); p=0.008); 4) Of interest, PTL with 1Al was not associated
with lower plasma concentrations of protein Z, nor were those with PTL who delivered at term
(p>0.05 for each); 5) No differences were found in the maternal plasma concentrations of anti-protein
Z antibodies between normal pregnancies and those with spontaneous PTL; 6) Patients with
idiopathic intrauterine bleeding who had spontaneous PTL and delivery had a significantly lower
mean plasma protein Z concentration than those who delivered at term [mean: 1.24 ug/mL (95% CI:
1.08-1.4) vs. mean: 1.49 + 0.47 pug/mL (95% CI: 1.33-1.65), respectively; p=0.03]; and 7) Amniotic
fluid was found to contain immunoreactive protein Z.

Conclusions—1) Patients with PTL leading to preterm delivery in the absence of IAl had a
significantly lower plasma concentration of protein Z than those with normal pregnancies; 2) Patients
with idiopathic intrauterine bleeding and subsequently spontaneous PTL and delivery had a
significantly lower plasma concentration of protein Z than those with idiopathic intrauterine bleeding
who delivered at term; and 3) Protein Z was present in the amniotic fluid of patients with PTL.
Collectively, these observations suggest that a subgroup of patients with PTL have a haemostatic
disorder which involves bleeding/thrombosis as a mechanism of disease.
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Coagulation; pregnancy; protein Z; amniotic fluid; parturition; thrombin; anti-protein Z antibodies;
vaginal bleeding

INTRODUCTION

Spontaneous preterm labor and delivery is a syndrome caused by multiple pathologic processes
that can activate the common terminal pathway of parturition [1]. A solid body of evidence
supports the fact that systemic [2] and intrauterine infection/inflammation [3,4] are causally
linked to preterm birth. The molecular mechanisms associated with this pathologic process
have been defined [5,6] and involve pro-inflammatory cytokines [7-9], chemokines [10-12],
prostaglandins [13,14], and pattern recognition receptors such as Toll-like receptors [15-18].
Infection accounts, however, for only a fraction of all cases of spontaneous preterm labor. Other
pathological processes implicated in the preterm parturition syndrome include cervical
insufficiency [19], uterine overdistension [20], abnormal allograft reaction [21], allergy [22,
23], endocrine disorders [24-26], and vascular insults [27,28]. Indeed, Arias et al [27] reported
an excess rate of placental vascular lesions in patients with spontaneous preterm labor. These
observations have been confirmed by other investigators who found that failure of physiologic
transformation of the myometrial segment of the spiral arteries and decidual vessel thrombosis
are more frequent in patients with preterm labor with intact membranes than in normal pregnant
women at term [28].

Normal pregnancy is a hypercoagulable state [29] characterized by increased generation of
thrombin, as determined by increased concentrations of fibrinopeptide A [30,31], thrombin-
antithrombin 111 (TAT) complex [32-34], and prothrombin fragments 1 and 2 [33,35,36].
Recent studies have implicated thrombin as an important enzyme in preterm parturition. In
fact, there is evidence that increased thrombin generation is present in patients with preterm
PROM [37,38] and spontaneous preterm labor with intact membranes [38-40]. Therefore,
abnormalities of the hemostatic system may be involved in the pathophysiology of preterm
parturition.

Protein Z is a vitamin K-dependent plasma glycoprotein with a molecular weight of 62 kDa
and a plasma half-life of approximately 2.5 days [41,42]. This factor was originally identified
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in 1977 in bovine plasma by Prowse and Esnouf [43] and, in humans, by Broze and Miletich
in 1984 [41] who reported that the mean plasma protein Z concentration has a considerably
wider range than other vitamin K-dependent plasma proteins [42]. In vitro studies suggest that
protein Z has an inhibitory effect on coagulation [44-46]. Indeed, protein Z binds to the protein
Z-dependent protease inhibitor (ZPI) and enhances by 1000-fold the biological function of ZPl,
which is to inhibit activated factor X (Xa) [44]. In the presence of phospholipids and calcium,
protein Z and ZPI rapidly inactivate factor Xa [44,45]. Under normal conditions, factor Xa
forms a complex with factor Va playing a central role in the conversion of prothrombin into
thrombin [47,48]. Hence, protein Z is considered to regulate thrombin generation [45,46].

Because of its association with ischemic stroke [49] and acute coronary syndromes, protein Z
deficiency has been proposed as a pro-coagulant state [50]. However, no consensus exists in
the definition and the biological significance of protein Z deficiency, since protein Z deficiency
as it has also been associated with bleeding tendency, even though the mechanism is poorly
understood [51]. Recently, protein Z deficiency has been linked to early fetal loss [52] and
adverse pregnancy outcomes such as preeclampsia, intrauterine growth restriction(IlUGR),
recurrent unexplained vaginal bleeding, and preterm parturition [53,54].

The objective of this study was to compare the maternal plasma concentration of protein Z in
patients with: 1) spontaneous preterm labor and intact membranes, with and without intra-
amniotic infection/inflammation (1Al), and those with normal pregnancies; 2) idiopathic
intrauterine bleeding in the second and third trimester who subsequently had a spontaneous
delivery in the index pregnancy, and those who delivered at term; and 3) in normal patients at
term with and without spontaneous labor.

MATERIAL AND METHODS
Study population

Definitions

A cross-sectional study was conducted by searching our clinical database and bank of
biological samples, including patients in the following groups: 1) non-pregnant women in the
secretory phase of their cycle not taking oral contraceptives (n=21); 2) normal pregnant women
(n=71); 3) patients at term not in labor (n=88); 4) patients in spontaneous labor at term (n=67);
and 5) patients with an episode of spontaneous preterm labor at <34 weeks of gestation (PTL).
Women with PTL were classified into: a) PTL with 1Al (n=35); b) PTL without 1Al (n=54);
and c) PTL who delivered at term (n=49). Women with preterm premature rupture of
membranes, multiple pregnancies, fetal congenital malformations, and anticoagulant treatment
were excluded.

A second population subject of this study consisted of a cohort of patients with vaginal bleeding
(n=65) who met the following criteria: singleton gestation; vaginal bleeding of uterine origin;
gestational age between 18 to 35 weeks; and amniocentesis with microbiological studies of
amniotic fluid. The exclusion criteria for this part of the study were: preterm labor; preterm
PROM,; evidence of intra-amniatic infection; placenta previa; cervical bleeding (defined as
bleeding seen on speculum exam originating from the ectocervix); clinical diagnosis of
placental abruption; and evidence of a retroplacental clot by ultrasound at admission. This
cohort of patients has been the subject of studies published by our group [55].

Patients were considered to have a normal pregnancy outcome if they did not have any
obstetrical, medical, or surgical complications of pregnancy, and delivered a term neonate of
appropriate birth weight for gestational age [56] without congenital anomalies or
complications. Preterm labor was diagnosed by the presence of at least two regular uterine
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contractions every 10 minutes associated with cervical changes, requiring admission to the
hospital. Preterm delivery was defined as delivery before 37 weeks of gestation. Vaginal
bleeding of uterine origin was diagnosed by sterile speculum examination confirming the
presence of blood coming through the external os of the cervix. Intra-amniotic infection was
defined as a positive amniotic fluid culture for microorganisms. Intra-amniotic inflammation
was diagnosed by amniotic fluid white blood cell count > 100 cells/mm3.

Sample collection

Samples of peripheral blood from pregnant and non-pregnant women were obtained by
venipuncture and collected in tubes containing 0.109M trisodium citrate anticoagulant
solution. The citrated plasma tubes were balanced and centrifuged at 1300 x g for 10 minutes
at 4°C to separate cellular components from clear plasma, and the samples were stored at -70°
C until assay. Transabdominal amniocentesis under ultrasonographic guidance was performed
to assess the microbial state of the amniotic cavity, as well as determine fetal lung maturity in
patients approaching term. Immediately upon retrieval, amniotic fluid was transported to the
laboratory and cultured for aerobic and anaerobic bacteria as well as genital mycoplasmas.
White blood cells count, glucose concentration and Gram-stain were also performed shortly
after collection. Amniotic fluid not required for clinical purposes was centrifugated at 700 x
g for 10 minutes at 4°C, and the supernatant was aliquoted and stored frozen at —70°C until
analysis.

All women provided informed consent prior to the collection of maternal blood and amniotic
fluid samples. The collection and utilization of samples for research purposes was approved
by the institutional review boards of the Sotero del Rio Hospital (a major affiliate of the Catholic
University), Wayne State University, and the National Institute of Child Health and Human
Development (NICHD/NIH/DHHS).

Protein Z immunoassays in maternal plasma and amniotic fluid

Concentrations of protein Z in maternal plasma and amniotic fluid were determined by sensitive
and specific immunoassays obtained from Diagnostica Stago (Asnieres-sur-Seine, France).
Thisassay utilizes the quantitative sandwich enzyme immunoassay technique. Prior to assaying
amniotic fluid samples, we conducted spike and recovery experiments, which produced parallel
curves indicating that amniotic fluid constituents do not interfere with this assay system.
Briefly, the standards and samples were incubated in duplicate wells of microtiter plate
precoated with a monoclonal antibody specific for protein Z. Following incubation, repeated
washings were performed to remove unbound materials and a second monoclonal antibody
coupled with peroxidase directed against another epitope of protein Z was added to the assay
plates. This step was followed by additional washes and an equal amount of stabilized
chromogen; ortho-phenylenediamine (OPD) and urea peroxide substrate were added to each
well. This initiates the development of color, which is halted at a set time by the addition of
an acid solution. Optical densities were determined using a programmable micro plate reader
(Bio-Tek Instruments, Winooski, Vermont, USA). Protein Z concentrations in the samples
were determined by interpolation from individual standard curves. The calculated inter- and
intra-assay coefficients of variation (CV) are 3.65% and 1.41% respectively. The calculated
sensitivity of the protein Z immunoassay in our laboratory is 3.37ng/mLlI.

Determination of IgM and IgG anti-protein Z antibodies concentrations in maternal plasma

Immunoassays to quantify anti-protein Z 1gG and IgM isotypes were obtained from HYPHEN
BioMed (Neuville-sur-Oise, France). Briefly, diluted citrated plasma samples were incubated
in duplicate wells of the micro titer plates, which have been pre-coated with highly purified
human protein Z. Repeated washing and aspiration removed all unbound materials from the
assay plate. To detect bound antibodies of the 1gG Isotype, further incubations with a
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peroxidase conjugated goat anti-human 1gG which reacts specifically with the 1gG Isotype
were conducted. Similarly, to detect bound antibodies of the IgM isotype, further incubations
with a peroxidase conjugated goat anti-human IgM were performed. Following repeated
washings, a substrate solution, tetramethylbenzidine (TMB) in the presence of hydrogen
peroxide was added and color developed in proportion to the amount of 1gG or IgM bound in
the initial step of the individual assays. The color development was stopped with the addition
of an acid solution and the intensity of color was read using a programmable micro titer plate
spectrophotometer (SpectraMax M2, Molecular Devices, Sunnyvale, CA, USA). The
concentrations of anti-protein Z IgG or IgM in samples were determined by interpolation from
individual standard curves composed of purified human anti-protein Z IgG or IgM (calibrators).
The calculated inter- and intra-assay CV for anti-protein Z 1gG isotype immunoassay in our
laboratory were 6.03%, and 5.41%. The detection limit (sensitivity) for the anti-protein Z IgG
isotype immunoassay was 1.11 AU/mL. The calculated inter- and intra-assay CV for anti-
protein Z IgM isotype immunoassay were 7.04%, and 2.18% respectively. The detection limit
for the anti-protein Z 1gM isotype immunoassay was 2.02 AU/mLI.

Statistical analysis

RESULTS

Parametric (t-testand ANOVA) and non-parametric (Mann-Whitney and Kruskal-Wallis) tests
were used for comparisons according to the data distribution. Post-hoc analysis was performed
using Dunnett and Bonferroni tests to correct for multiple comparisons. The maternal plasma
protein Z concentrations were expressed as mean and 95% confidence interval (ClI). A p-value
<0.05 was considered statistically significant. The statistical package used was SPSS v.12.0
(SPSS Inc., Chicago, IL, USA).

Demographic and clinical characteristics of the different study groups are displayed in Tables
I and 1. Women with a normal pregnancy had a significantly higher mean plasma concentration
of protein Z than non-pregnant women [mean: 2.39 pg/mL (95% CI: 2.28-2.5) vs. mean: 1.18
ug/mL (95% CI: 0.96-1.4); p <0.001] (Figure 1). No correlation was found between gestational
age and maternal plasma protein Z concentrations (r=0.06; p=0.6). Patients with spontaneous
labor at term had a lower mean maternal plasma concentration of protein Z than patients at
term not in labor [mean: 2.15 pg/mL (95% CI: 2.01-2.29) vs. mean: 2.45 + 0.52 pg/mL (95%
Cl: 2.34-2.56), respectively; p=0.001] (Figure 2).

The mean plasma concentration of protein Z in women with spontaneous preterm labor who
delivered preterm without 1Al was significantly lower than that of normal pregnant women
[mean: 2.12 pg/mL (95% CI: 1.98-2.26) vs. mean: 2.39 ug/mL (95% Cl: 2.28-2.5),
respectively; p=0.008] (Figure 3). In contrast, no significant differences were detected in the
mean plasma concentrations of protein Z between patients with preterm labor and Al who
delivered preterm and those with normal pregnancies [mean: 2.18 pug/mL (95% CI: 2-2.36) vs.
mean: 2.39 pg/mL (95% ClI: 2.28-2.5), respectively; p=0.1]. Similarly, there were no major
differences in the mean plasma concentration of this glycoprotein between patients with
spontaneous preterm labor who delivered at term and normal pregnant women [mean: 2.28 +
0.51 pg/mL (95% ClI: 2.13-2.43) vs. mean: 2.39 pg/mL (95% CI: 2.28-2.5), respectively;
p=0.46].

Maternal plasma concentrations of anti-protein Z 1gG and IgM antibodies were not different
among the study groups, indicating that the differences in protein Z plasma concentrations
could not be explained on the basis of the anti-protein Z antibodies (Table I1I).

Among women presenting with idiopathic intrauterine bleeding during the second and third
trimesters, those who subsequently had a spontaneous preterm labor and delivery without 1Al
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had a lower mean plasma protein Z concentration than those with vaginal bleeding who
delivered at term [mean: 1.24 pg/mL (95% CI: 1.08-1.4) vs. mean: 1.49 + 0.47 pg/mLI (95%
Cl: 1.33-1.65), respectively; p=0.03] (Figure 4).

Protein Z was measured in the amniotic fluid in a subset of patients with spontaneous PTL and
intact membranes with (n=10) and without (n=10) IAl, and in those who delivered at term
(n=10). The median amniotic fluid concentrations of protein Z were 28.6 ng/mL (11.2-133.2),
40.3 ng/mL (11.2-163.4) and 48.5 ng/mLI (15.6-169.9), respectively.

DISCUSSION
Principal findings of this study

1) Pregnancy is associated with a higher maternal plasma concentration of protein Z than the
non-pregnant state. 2) Maternal plasma protein Z concentration did not change with advancing
gestational age between 20-38 weeks of gestation. 3) Labor at term is associated with a lower
mean maternal plasma concentration of protein Z than no labor. 4) Spontaneous preterm
delivery in the absence of Al is associated with a lower mean maternal plasma concentration
of protein Z than normal pregnancies. 5) Similarly, patients with vaginal bleeding and negative
amniotic fluid cultures, who subsequently delivered preterm, had a significantly lower plasma
concentration of protein Z than those who delivered at term. 6) The maternal plasma
concentration of anti-protein Z antibodies was not increased in women with preterm labor. 7)
Protein Z is a normal constituent of amniotic fluid.

What is protein Z?

Human protein Z is a vitamin K-dependent protein that has been proposed to be synthesized
by the liver [57]. The gene encoding protein Z is in chromosome 1334 [58], and its structure
is very similar to protein C and coagulation factors VII, IX and X [58-60]. In contrast to these
serine proteases, this glycoprotein does not have proteolytic properties [61] due to the lack of
histidine and serine residues necessary for serine protease activity [59,60].

Plasma protein Z concentration increases rapidly in the first months of life, is followed by slow
increases during childhood, and reaches the concentration observed in adult life during puberty
[42,62,63]. Miletich and Broze [42] reported that the mean plasma protein Z concentrations in
455 blood donors was 2.9 + 1.0 ug/mL. Of note, the values extended between 0.6 to 5.7 ug/

mL, a range considerably wider than that of other vitamin K-dependent plasma proteins [42].

When compared to normal controls [42,64], low plasma concentrations of protein Z have been
reported in patients with liver disease [57], disseminated intravascular coagulation [64],
amyloidosis [64], and in those taking oral anticoagulant treatment with warfarin. On the other
hand, patients with idiopathic thrombocytopenic purpura [61] and chronic hemodialysis [65]
have a higher plasma concentration of protein Z than normal controls.

An important role of protein Z in coagulation has been recently reported on the basis of in
vitro experiments. Han et al [44] demonstrated that the procoagulant activity of factor Xa is
reduced when incubated with protein Z in the presence of phospholipids and Ca*™*, suggesting
an interaction between factor Xa and protein Z at the phospholipid surface. Moreover, Yin et
al [46] reported that the presence of protein Z dramatically reduced factor Xa activity and
thrombin generation.

Protein Z is a cofactor of ZPI, a 72 kDa glycoprotein present in human plasma [44]. In normal
pooled plasma, which contains an excess of ZPl, all protein Z appears to be bound to ZPI
[66]. The interaction of protein Z and ZP1 retards and reduce thrombin generation in mixtures
containing factor V, prothrombin, Ca**, and phospholipids. In similar mixtures containing

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2008 May 29.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Kusanovic et al.

Page 7

factor Va, however, protein Z and ZPI do not inhibit thrombin generation [45]. Thus, it has
been proposed that the anticoagulant effect of protein Z and ZPI may precede the activation of
factor V and formation of protrombinase complex [61].

Two possible pathways for factor Xa inhibition by protein Z and ZP1 have been suggested: 1)
protein Z and factor Xa form a complex in the phospholipid surface, and this complex is then
recognized by ZPI; 2) protein Z-ZPI complex is directed to the phospholipid surface and binds
factor Xa [61]. Since it has been proposed that protein Z circulates bound to ZPI, the second

mechanism may reflect the inhibition of factor Xa in human plasma.

Protein Z deficiency, thrombosis and hemorrhage

In vitro studies suggest that protein Z has an inhibitory effect on coagulation [44-46]. Thus,
protein Z deficiency may predispose to a prothrombotic state. Evidence supporting this view
includes the observation that protein Z deficiency (<1 pg/mL) is associated with prior ischemic
stroke when compared to healthy individuals[49], and that patients with acute coronary
syndrome have significantly lower plasma protein Z concentrations than comparable controls
[50,67]. However, these results have not been confirmed by others [68-70].

Protein Z deficiency alone has been proposed to confer a modest risk for thrombosis [46,61].
This risk, however, is substantially increased when protein Z deficiency is associated with a
thrombophilic state. Evidence in support of this includes: 1) knockout mice for protein Z have
a normal phenotype in the absence of a thrombotic challenge, but when these mice are also
homozygous for the factor V Leiden mutation, they have vascular thrombosis and excessive
hepatic fibrin deposition [46]; 2) in humans, patients with factor V Leiden mutation and protein
Z deficiency (<1 ug/mL) have a significantly higher incidence of deep venous thrombosis than
normal patients [71]; 3) the odds ratio of venous thromboembolism in patients with factor V
Leiden mutation is 5.2 (95% CI: 2.5-10.9), which is further increased to 14.6 (95% CI: 1.9-113)
when their plasma concentrations of protein Z are below the 25t percentile (<1.34 pg/mL)
[72]; and 4) among patients with anti-phospholipid antibodies and plasma protein Z below the
5t percentile, the odds ratio for thrombosis is 4.7 (95% Cl: 1.1-19.4), as opposed to 7.5 (95%
Cl: 1.5-37.5) for arterial thrombosis [73].

An association between bleeding tendency and protein Z deficiency has been suggested by
Kemkes-Matthes and Matthes [51], based on observations that patients with hemorrhagic
disorders of unknown origin have significantly lower mean plasma concentrations of protein
Z than healthy controls. In contrast, Miletich and Broze [42] have reported that 10% of blood
donors have plasma protein Z concentrations below 50%, while patients with low protein Z
concentrations due to oral anticoagulant therapy do not have abnormal bleeding times.
Moreover, additional studies have found no association between protein Z deficiency and
bleeding tendency [64,74,75].

Protein Z during pregnancy

Conflicting results have been reported for maternal plasma concentrations of protein Z in
normal pregnancy. In this study, we found that pregnant women had a higher plasma
concentration of protein Z than non-pregnant women. While this is consistent with a previous
report [76], it is not with others [53,77]. Moreover, the observation that the maternal plasma
concentration of protein Z does not change with advancing gestational age correlates the
finding of a recent study [53]. In contrast, other studies have reported that the maternal plasma
concentration of this glycoprotein increases [77] or decreases [54] with gestational age. The
reasons for the discrepancies among studies are unclear. However, we wish to note that the
current study focused on the second and third trimester, as opposed to the first trimester of
pregnancy.
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Protein Z deficiency has been associated with adverse pregnancy outcomes: 1) a higher
proportion of patients with a previous fetal death (10 to 15 weeks of gestation) had protein Z
deficiency (<1 mg/L) compared to the control group [52]; and 2) patients with adverse
pregnancy outcome (defined as preeclampsia, IUGR, recurrent unexplained vaginal bleeding,
and preterm parturition) had significantly lower mean plasma concentrations of protein Z than
patients with normal pregnancy outcome. The authors proposed that changes in the maternal
plasma protein Z concentration may have an important role in the regulation of thrombin
generation during pregnancy [54]. This is relevant because excessive thrombin generation is
associated with preterm parturition with intact or ruptured membranes [38], preeclampsia, and
small for gestational age fetuses[78]. In contrast, a recent study [53] demonstrated that the
median plasma concentration of protein Z in patients with preeclampsia, intrauterine growth
restriction (ITUGR), and late fetal demise intrauterine fetal demise (IUFD) was not significantly
different than that of patients with normal pregnancy. However, the authors reported a higher
frequency of protein Z deficiency (<1.2 mg/L) among patients with IUFD and IUGR compared
to those with normal pregnancy [53].

Protein Z in spontaneous labor at term

The mean concentration of protein Z was significantly lower in women in spontaneous labor
atterm than in women not in labor at term, suggesting than physiologic parturition is associated
with changes in the hemostatic system. This is consistent with the observation that labor is
related to modifications in the coagulation and fibrinolytic system, including increased
maternal plasma concentration of TAT complex, plasmin-alpha 2-plasmin inhibitor complex
and D-dimer [79], as well as increased plasma concentration of the tissue-plasminogen
activator[80].

Protein Z in preterm labor leading to preterm delivery

It is possible that changes in the maternal plasma concentration of protein Z may reflect
activation of the coagulation cascade in patients with spontaneous preterm parturition without
infection/inflammation, and in those with vaginal bleeding who subsequently deliver preterm.
Thus, hemostatic disorders may constitute an additional mechanism of disease in the preterm
parturition syndrome. It has been observed that patients with preterm labor and intact
membranes who deliver preterm have a higher frequency of decidual vascular lesions than
normal pregnant women at term [28]. In addition, vaginal bleeding [81,82] and retroplacental
hematoma [83] are risk factors for spontaneous preterm delivery in the index pregnancy. It is
likely that both decidual vessel thrombosis and vaginal bleeding of uterine origin may increase
thrombin generation in the decidua. Therefore, thrombin may activate the common pathway
of parturition. Evidence in support of this includes: 1) decidua is a rich source of tissue factor,
the primary initiator of coagulation and thrombin activation [84]; 2) intrauterine administration
of whole blood to pregnant rats stimulates myometrial contractility, while heparinized blood
does not (heparin blocks the generation of thrombin )[85]; 3) thrombin stimulates myometrial
contractility in a dose-dependent manner [85]; and 4) TAT complexes, a marker of in vivo
generation of thrombin, are increased in plasma [38] and amniotic fluid [39] of women with
preterm labor and preterm PROM.

Anti-protein Z antibodies during pregnancy and preterm parturition

An important observation in this study is that we found no significant differences in the mean
plasma concentrations of anti-protein Z antibodies (IgG and IgM) between women with normal
pregnancy and those with spontaneous preterm labor (with and without 1Al who delivered
preterm, and those who delivered at term). Thus, based on the findings of this study, the lower
maternal plasma protein Z concentrations among these groups cannot be explained by the
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presence of these antibodies, as previously proposed in the case of other pregnancy
complications [53].

A recent report has associated normal pregnancy with: 1) the development of anti-protein Z
antibodies throughout gestation, independent of protein Z concentrations; and 2) a correlation
between mean protein Z concentration and anti-protein Z IgM in the second and third trimester
(r 0.26 and -0.28 respectively, p <0.05), but not for anti-protein Z 1gG antibodies. The authors
proposed that changes in anti-protein Z antibodies may contribute to the prothrombotic state
of pregnancy [76]. Gris et al. [86] demonstrated that non-pregnant women with a history of
adverse pregnancy outcomes [defined as history of unexplained primary recurrent embryo
losses before the 8t week of gestation, one unexplained episode of fetal death from the 10t
week of gestation, unexplained primary recurrent embryo losses associated with protein Z
deficiency (<1 mg/L), and one episode of severe pre-eclampsia] had higher concentrations of
anti IgG and anti-IgM antibodies. The authors reported that: 1) anti-protein Z 1gG and IgM
antibodies concentrations were not correlated with plasma protein Z concentrations in both
cases and control groups; 2) the concentrations of anti-protein Z IgG and IgM antibodies were
significantly higher in the group of patients with adverse pregnancy outcomes than in controls;
3) the global risk of adverse pregnancy outcome increased with higher concentrations of anti-
protein Z antibodies; 4) 1gG concentrations were significantly higher in women with fetal death
and in women with recurrent embryo losses than in the controls; and 5) IgM concentrations
were significantly higher in women with recurrent embryo losses, fetal death, severe pre-
eclampsia, or recurrent embryo losses and protein Z deficiency than that of controls. Therefore,
the study of anti-protein Z antibodies appears important, and for that reason it was the topic of
the present article.

Protein Z in amniotic fluid

A novel observation made during the course of this study is that amniotic fluid contains
immunoreactive protein Z. This finding was unexpected, since amniotic fluid does not contain
all the components of the coagulation system. While further studies are required, our finding
suggests that either protein Z may serve to inhibit the actions of thrombin in amniotic fluid
[39] or have functions unrelated to the coagulation system.

Limitations of the study

An important limitation is the lack of information about the thrombophilic status of the patients
included. However, the association between inherited thrombophilia and spontaneous preterm
delivery is unclear at this time [54,87]. Indeed, screening for thrombopbhilia is not part of the
standard of care in patients with spontaneous preterm labor [88].

Conclusions

1) Patients with spontaneous preterm labor without 1Al and with idiopathic intrauterine
bleeding in the absence of intra-amniotic infection have lower concentrations of protein Z than
normal pregnant women. 2) The maternal plasma concentrations of anti-protein Z antibodies
do not differ between women with normal pregnancies and those with spontaneous preterm
labor (with 1Al who delivered preterm, and those who delivered at term). 3) Protein Z is present
in the amniotic fluid of patients with preterm labor.
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Figure 1.

Maternal plasma concentrations of protein Z between non-pregnant (n=21) and normal
pregnant women (n=71). The mean plasma concentration of protein Z in normal pregnant
women was significantly higher than that of non-pregnant women (normal pregnant women,
mean 2.39 pg/mL (95% ClI: 2.28-2.5) vs. non-pregnant women, mean 1.18 pug/mL (95% CI:
0.96-1.4); p <0.001).
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Figure 2.

Maternal plasma concentrations of protein Z in pregnancies at term, among patients with (n=67)
and without (n=88) labor. Patients with spontaneous labor at term have a significantly lower
mean maternal plasma concentration of protein Z than that of patients at term not in labor
(spontaneous labor at term, mean 2.15 pg/mL (95% CI: 2.01-2.29) vs. term not in labor, mean
2.45 pg/mL (95% ClI: 2.34-2.56); p =0.001).
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Figure 3.

Maternal plasma concentrations of protein Z among patients with spontaneous preterm labor
and delivery without intra-amniotic infection/inflammation (IAl; n=54) and those with normal
pregnancies (n=71). Patients with spontaneous preterm labor and delivery without 1Al had a
significantly lower mean maternal plasma concentration of protein Z than that of normal
pregnant women (spontaneous PTL and delivery without IAl, mean 2.12 pug/mL (95% CI:
1.98-2.26) vs. normal pregnant women, mean 2.39 pg/mL (95% CI: 2.28-2.5); p=0.008).
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Figure 4.

Maternal plasma protein Z concentrations among women presenting with idiopathic vaginal
bleeding during pregnancy. Those who subsequently had a spontaneous preterm labor and
delivery without intra-amniotic infection had a significantly lower mean plasma protein Z
concentration than that of those with vaginal bleeding who delivered at term (spontaneous
preterm labor and delivery, mean 1.24 pg/mL (95% CI: 1.08-1.4) vs. term delivery, mean 1.49
pg/mL (95% CI: 1.33-1.65); p=0.03).
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Table Il
Clinical and demographic characteristics of the study population among patients presenting with idiopathic vaginal bleeding during
pregnancy, according to the gestational age at delivery

z VB VB p
= Term delivery Preterm delivery
I (n=36) (n=29)

o

> Maternal age 26 26 NS
> (years) (14-39) (15-44)

c GA at blood draw 29.4 28.4 NS
= (weeks) (21.4-33.5) (21-34.4)

(@) GA at delivery 39.3 324 <0.001
— (weeks) (37-42) (22.6-36.4)
< Birthweight 3,255 2,205 <0.001
[0) (grams) (2,410-4,880) (520-3210)

>

=

g Values expressed as median (range)

x
'9'_ VB: vaginal bleeding, GA: gestational age, NS: not significant

*
Mann-Whitney U test
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