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Abstract
Objective—Protein Z, a vitamin K-dependent plasma protein, has an important role in the regulation
of the coagulation cascade. Protein Z deficiency has been associated with unexplained pregnancy
loss and adverse pregnancy outcome in patients with thrombophilia. This study was conducted to
determine if preeclampsia (PE), small-for-gestational age (SGA) and fetal demise are associated with
changes in maternal plasma concentrations of protein Z.

Study Design—This cross-sectional study included normal pregnant women (N=71), patients with
PE (N=130), patients who delivered a SGA neonate (N=58), and patients with fetal demise (N=58).
Maternal plasma protein Z concentrations were measured by a sensitive and specific immunoassay.
Protein Z deficiency was defined as maternal plasma concentrations ≤5th percentile of the normal
pregnancy group (≤1.59μg/mL). Non-parametric statistics were used for analysis.

Results—1) Patients with preeclampsia had a lower median plasma concentration of protein Z than
normal pregnant women (PE: median: 1.6 μg/mL, range: 0.2-3.3 μg/mLl vs. normal pregnancy:
median: 2.4 μg/mL, range: 1.1-3.4 μg/mLl; p<0.01); 2) Patients with SGA (median: 2.3 μg/mL, range:
0.2-3.8 μg/mL) and fetal demise (median: 2.6 μg/mL, range: 0.2-4.3 μg/mL) did not have significant
different median protein Z concentrations from normal pregnant women (p>0.05); and 3) Women in
the PE and fetal demise groups had significantly higher rate of protein Z deficiency than those with
normal pregnancy outcome.

Conclusion—1) PE, but neither SGA nor fetal demise, is associated with significantly lower
maternal median plasma concentration of protein Z concentrations than normal pregnancy; and 2) a
high rate of protein Z deficiency was observed in patients with PE and fetal demise.
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Introduction
During pregnancy the changes in the coagulation system are considered to be an adaptive
mechanisms for prevention of bleeding at the time of delivery. .[1-5]. Indeed, normal pregnancy
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is associated with excessive thrombin generation [5,6] and a tendency for platelets to aggregate
in response to agonists [7,8]. Thrombosis has been proposed as a mechanism of disease in
preeclampsia(PE), [9-13] intrauterine growth restriction (IUGR), [13-17] stillbirth, [18]
recurrent pregnancy losses, [19] and preterm delivery [20-22]. Evidence in support of this view
includes: 1) an excessive rate of thrombotic lesions in the placental villi [23] and decidual
vessels [20,23,24] in patients with these pregnancy complications; and 2) higher maternal
plasma concentrations of thrombin-anti- thrombin (TAT) complexes in patients with PE,
[25-28] and small-for-gestational age (SGA) neonates [25].

Protein Z is a vitamin-K-dependent plasma glycoprotein that participate in the inhibition of
activated factor X (FXa), limiting thrombin generation [29]. This has been attributed to the
role of protein Z as a co-factor of the protein Z-dependent protease inhibitor (ZPI .[30-32].
Indeed, in the absence of protein Z, the activity of ZPI is reduced by more than 1,000-fold
[32]. Thus, protein Z deficiency has been associated with a procoagulant state [29].

There are conflicting reports concerning the changes in plasma concentrations of protein Z in
women with PE. While some authors have reported that there is no significant difference the
median plasma concentrations of protein Z between patients with PE and women with normal
pregnancy, [33] others have reported that the median plasma protein Z concentrations are
significantly lower in women with PE, SGA, and preterm delivery than those with normal
pregnancies [34]. However, the authors did not analyzed each complication independently,
therefore, the association between PE and changes in protein Z plasma concentration is not
clear [34].

The objective of this study was to determine the changes in maternal plasma concentration of
protein Z and the rate of protein Z deficiency among patients presenting with PE, SGA, or fetal
demise in comparison to women with normal pregnancy outcome.

Material and Methods
Study population

This cross-sectional study included the following study groups: 1) patients with PE (N=130);
2) patients who delivered a SGA neonate (N=58); 3) patients with fetal demise (N=58); and
4) patients with a normal pregnancy outcome served as a control group (N=71). Patients with
multiple pregnancies or fetuses with congenital defects and/ or chromosomal anomalies were
excluded.

Clinical definitions
Preeclampsia was defined as hypertension (systolic blood pressure of ≥140 mmHg or diastolic
blood pressure of ≥90 mmHg on at least two occasions, four hours to one week apart) associated
with proteinuria (≥300 mg in a 24-hour urine collection or one dipstick measurement of ≥2+).
Severe PE was defined as diastolic blood pressure ≥110 mmHg or systolic blood pressure ≥160
mmHg and/or proteinuria ≥3+ by dipstick. Fetal demise was defined as a fetal death occurring
after 19 weeks of gestation. SGA was defined as a birth weight below the 10th percentile
[35]. Birth weight percentiles for gestational age were classified in four groups as follows: 1)
≤5th percentile; 2) 5th-10th percentile; 3) 10th – 90th percentile; and 4) >90th percentile.[35]
Protein Z deficiency was defined as maternal plasma concentrations ≤5th percentile[36] of the
normal pregnancy group (≤ 1.59μg/mL).
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Samples collection
All blood samples were collected with a vacutainer into 0.109M trisodium citrate anticoagulant
solution (BD; San Jose, CA, USA). The samples were centrifuged at 1300g for ten minutes at
4°C and stored at -70°C until assay.

All women provided an informed consent prior to the collection of maternal blood. The
collection and utilization of samples for research purposes was approved by the institutional
review boards of Wayne State University, and the National Institute of Child Health and Human
Development (NICHD/NIH/DHHS).

Human protein Z immunoassays
Concentrations of protein Z in maternal plasma were determined by sensitive and specific
immunoassays obtained from Diagnostica Stago (Asnieres-sur-Seine, France). The protein Z
immunoassay utilizes the quantitative sandwich enzyme immunoassay technique. Briefly, the
standards and samples were incubated in duplicate wells of a 96-well microtiter plate pre-
coated with a monoclonal antibody specific for protein Z. During this incubation, the protein
Z present in the standards and samples were bound to the immobilized protein Z antibodies in
the microtiter plate. Following incubation, repeated washings were performed to remove
unbound materials. The next step involved incubation with a second monoclonal antibody
coupled with peroxidase and directed against another epitope of protein Z that binds to the
captured antigen in the microtiter plate forming a sandwich. This step was followed by
additional washes to remove unbound materials and an equal amount of stabilized chromogen,
ortho-phenylenediamine (OPD) and urea peroxide substrate were added to each well. This
initiated the development of color, which was halted at a set time by the addition of sulphuric
acid (3M). The optical density of each well was determined using a programmable microplate
reader (Bio-Tek Instruments, Winooski, Vermont USA) set at a wavelength of 492 nm. Protein
Z concentrations in the samples were determined by interpolation from the standard curve. The
calculated inter-and intra-assay coefficients of variation (CVs) were 3.1% and 2.4%,
respectively. The sensitivity of the protein Z immunoassay in our laboratory was 0.05μg/mL.

Statistical analysis
Protein Z plasma concentrations were not normally distributed; thus, Kruskal–Wallis and
Mann–Whitney U tests were used for comparisons among groups. The Chi-square was used
to compare categorical variables. A p value < 0.05 was considered statistically significant. The
statistical package used was SPSS, version 12 (SPSS Inc., Chicago, IL USA).

Results
The demographic and clinical characteristics of the study groups are displayed in Table I. There
was no significant correlation between gestational age and protein Z concentrations in women
with normal pregnancy (R=0.003; p=0.6).

The median maternal plasma protein Z concentration in preeclamptic patients (median: 1.6
μg/mL, range: 0.2-3.3) was significantly lower than that of the other study groups (controls:
median: 2.4 μg/mL, range: 1.1-3.4, p<0.0001; SGA: median: 2.3 μg/mL, range: 0.2-3.8,
p<0.0001; and fetal demise: median: 2.6 μg/mLl, range: 0.2-4.3, p<0.0001). No differences
were observed in the median maternal plasma concentration of protein Z between normal
patients and those with SGA and fetal demise (see Figures 1 and 2).

There was no significant difference in the median maternal plasma protein Z concentration
between patients with severe PE and those with mild PE (severe PE: median: 1.7 μg/mL, range:
0.2-3.3 vs. mild PE: median: 1.5 μg/mL, range: 0.3-1.9; p=0.08, respectively). In the PE group
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there were no significant differences in median maternal plasma protein Z concentrations
between the different neonatal birth weight percentiles [≤5th percentile- median: 1.56 μg/mL
(0.54-3.16); 2) 5th-10th percentile median: 1.45 μg/mL (0.3-2.7); 3) 10th – 90th percentile
median: 1.73 μg/mL (0.2-3.28); and 4) >90th percentile median: 1.77 μg/mL (1.13-2.34),
(p=0.24 Kruskal- Wallis test)].

A higher proportion of patients with PE had protein Z deficiency than those with normal
pregnancy [50% (65/130) vs. 4.2% (3/71); OR 22.61, 95% CI 6.79-116.82; p<0.00001].
Similarly protein Z deficiency was significantly more frequent in patients with fetal demise
than in women with normal pregnancies [25.9% (15/58) vs. 4.2% (3/71), p=0.012]. In contrast,
patients who delivered an SGA neonate did not have a higher frequency of protein Z deficiency
than women with normal pregnancies, [20.7 % (12/58) vs. 4.2% (3/71); p=0.09).

Discussion
Principal findings: 1) women with PE, but not those with SGA or fetal demise, had significantly
lower median plasma concentrations of protein Z than women with normal pregnancies; and
2) ghe rate of protein Z deficiency was significantly higher in patients with PE and fetal demise
than in those with normal pregnancies.

Why do women with preeclampsia have lower plasma concentrations of protein Z than those
with normal pregnancies?

Normal pregnancy is characterized by an increased plasma concentration of protein Z,[37]
which has been proposed to be part of a compensatory mechanism for the increased
concentration of factor X [37] and perhaps for the increased thrombin generation. Preeclampsia
is associated with an exaggerated hypercoagulable state and excessive thrombin generation,
[1,25,38] as determined by higher maternal plasma concentrations of TAT complexes
[25-28,39,40] and lower antithrombin III concentrations [41-45] than patients with a normal
pregnancies. Moreover, patients with PE who delivered preterm have a higher rate of
thrombotic lesions in the decidua [9,20] and in the placental villi [23] than normotensive
patients with indicated or spontaneous preterm delivery [20,23]. Therefore, it is possible that
an exaggerated procoagulant state may account for the lower plasma concentration of protein
Z among women with preclampsia.

An addition novel finding is the significantly higher rate of protein Z deficiency in women
with PE than in women with normal pregnancy outcome (OR 22.65, 95% CI 6.79-116.82). In
a previous report, [33] the rate of protein Z deficiency (defined as the 10th percentile of the
normal population [33]) in women with PE was not significantly different from the rate
observed in women with normal pregnancy. In contrast, we found that 50% of the patients with
PE had protein Z deficiency; this difference may be attributed to the larger sample size of
patients with PE included in our study, different definition of protein Z deficiency (<5th

percentile of the normal pregnant population) and differences in the study population. Protein
Z deficiency has been reported in non-pregnant women [36] as well, suggesting that in some
of the patients protein Z deficiency may precede the clinical presentation of PE, and a low
maternal plasma concentration of protein Z can be a risk factor for the subsequent development
of PE in a subset of patients.

There were no significant differences between the median maternal protein Z plasma
concentrations of patients who delivered an SGA neonate or had fetal demise in comparison
to women with normal pregnancy; these results are consistent with a previous report [33]. In
contrast, a recent study [34] reported that patients with adverse pregnancy outcome, including
PE, SGA, recurrent unexplained vaginal bleeding, and preterm parturition, had lower mean
plasma concentrations of protein Z than patients with normal pregnancy outcome in all three
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trimesters [34]. However, the authors analyzed all the patients with pregnancy complications
together and cases of fetal demise were not included [34]. Thus, it is unclear what was the
individual contribution of each of the pregnancy complications to the lower protein Z plasma
concentrations observed in that study [34].

Protein Z deficiency and fetal demise—The finding that women with fetal demise have
a higher rate of protein Z deficiency than women with normal pregnancy is in accord with
previous report [33]. Of interest, the rates of protein Z deficiency that were observed in women
with normal pregnancy (4.2%) and those with fetal demise (25%) in the current study, are
similar to those reported in non-pregnant women [36] with normal obstetric history (4%) and
with a history of previous fetal loss between 10-15 weeks gestation (22%). The similarity in
the rate of protein Z deficiency between pregnant and non-pregnant women in both groups
(those who had a normal pregnancy and those with fetal demise) suggests that a subset of
women in the latter group might have a predisposing protein Z deficiency. Moreover, we have
proposed that pregnancy could be considered as a stress test to the hemostatic system [46].
Thus, the physiologic hypercoagulable state that accompanies pregnancy may facilitate the
occurrence of thrombotic events of the placenta and adverse pregnancy outcome (i.e. fetal
demise) in potentially thrombophilic patients that were clinically “silent” in the non-pregnant
state [46]. In addition, Gris et al [36] reported that six out of eight patients with protein Z
deficiency had one parent who is also protein Z deficient; [36] thus, the possibility that in some
cases protein Z deficiency may be inherited can not be ruled out.

Conclusions
The results of this study indicate that PE and fetal demise are associated with maternal protein
Z deficiency; however, only patients with PE have a lower median maternal plasma
concentration of protein Z that may be secondary to a higher activation of the coagulation
system in patients with this pregnancy complication.
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Figure 1.
Comparison of the median maternal plasma protein Z concentrations between women with
normal pregnancy and those with pregnancy complications.
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Figure 2.
Comparison of the median maternal plasma protein Z concentrations between women with
pregnancy complications.
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Table I
Demographic and clinical characteristics of the study population

Normal Pregnancy
N= 71

Preeclampsia
(N= 130)

SGA
(N= 58)

FD
(N= 58)

Maternal age (years) 24.2±4.5 25.9± 6.9 26.1± 6.7 25.9±6.5
Gravidity*
 1 14(20.3%) 44 (34.1%) 12 (21.4%) 17 (30.4%)
 2-5 45(65.2%) 69 (53.5%) 37 (66.1%) 28 (50%)
 ≥6 10(14.5%) 16 (12.4%) 7 (12.5%) 11(19.6%)
Parity**
 1 39 (55.7%) 93(72.1%)* 38 (66.7%) 37 (64.9%)
 2-5 30(42.9%) 32(24.8%) 18(31.6%) 17 (29.8%)
 ≥6 1 (1.4%) 4 (3.1%) 1 (1.7%) 3 (5.3%)
Ethnic origin†
African-Americans 53 (77.9%) 108 (84.37%) 48 (87.3%) 51 (91.07%)
 Caucasian 11(16.1%) 13 (10.15%) 4 (7.3%) 3 (5.35%)
 Hispanic 2 (3%) 5 (3.9%) 1 (1.8%) 1 (1.75%)
 Asian 2(3%) 1 (0.78%) 1 (1.8%) 1 (1.75%)
 Other 0 1 (0.78%) 1 (1.8%) 0
Gestational age at blood collection
(weeks)

30.8 ± 5.1 33.9± 4.7* 33.8±4.8* 29.9 ±6.02

Gestational age at delivery (weeks) 39.4 ± 1.5 34.1± 4.6* 35.3± 4.1* 30.1± 5.9*

Induction of labor*** 10 (17.8%) 59 (45.7%)* 32 (55.2%)* 48 (85.7%)*

Cesarean delivery**** 22 (33.3%) 68 (53.1%)* 17 (29.3%) 1 (1.8%)*

Data are presented as mean ± standard deviation or numbers (%)

*
= Normal pregnancy (N=69); Preeclampsia (N=129); SGA (N=56); FD (N=56)

**
= Normal pregnancy (N=70); Preeclampsia (N=129); SGA (N=57); FD (N=57)

†
= Normal pregnancy (N=68); Preeclampsia (N=128); SGA (N=55); FD (N=56)

SGA= small for gestational age

FD= fetal demise

The groups were compared with the normal pregnancy group: *P<0.05

***
Normal pregnancy (N=56), Preeclampsia (N=129), FD (N=56).

****
Normal pregnancy (N=66), Preeclampsia (N=128), FD (N=56).
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