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Abstract: The aim of this study was to determine whether the increased serum cell-free 

fetal DNA (cffDNA) level of gravidas developed into early-onset preeclampsia (EOPE) 

subsequently in the early second trimesters is related to prenatal screening markers. Serum 

was collected from 1011 gravidas. The level of cffDNA and prenatal screening markers 

were analyzed in 20 cases with EOPE and 20 controls. All fetuses were male. The maternal 

serum cffDNA level was assessed by amplification of the Y chromosome specific gene. 

Correlations between the variables were examined. (Logged) cffDNA in EOPE (median, 

3.08; interquartile range, 2.93–3.68) was higher than controls (median, 1.79; interquartile 

range, 1.46–2.53). The increased level of (logged) cffDNA was correlated significantly 

with the increased human chorionic gonadotropin (HCG) level (r = 0.628, p < 0.001). 

Significant reciprocal correlations between cffDNA and babies’ birth weight as well as 

gestation weeks at delivery were noted (r = −0.516, p = 0.001; r = −0.623, p < 0.001, 

respectively). The sensitivity and specificity of cffDNA to discriminate between the EOPE 

cases and the controls were 90% and 85%, respectively. CffDNA is a potential marker for 

EOPE, which had a significant reciprocal correlation with babies’ birth weight and 
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gestation weeks at delivery. Moreover, it may help in indicating the underlying hypoxic 

condition in the placenta. 
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1. Introduction 

Preeclampsia (PE) is multisystem disorder in the second and third trimesters. PE is unique to 

pregnancy and it is one of the leading causes of maternal and fetal/neonatal morbidity and mortality 

worldwide [1]. Its clinical findings can manifest as a maternal syndrome (hypertension and proteinuria 

with or without other multisystem abnormalities) and/or a fetal syndrome (fetal growth restriction 

(FGR), reduced amniotic fluid, and abnormal oxygenation) [2]. PE can be classified as early-onset 

preeclampsia (EOPE) and late-onset preeclampsia according to its onset time. It is diagnosed as EOPE, 

when the PE onset is earlier than 34th gestation weeks. Although EOPE has raised more and more 

attention in recent years, no reliable criteria or methods are available for early prediction of EOPE [3]. 

Once it is detected, mothers and infants have been subject to varying degree of damage. Therefore, 

there is a need for widely applicable and affordable tests which can identify women at risk early in 

pregnancy and subsequently monitor them throughout pregnancy, and thus provide the best prenatal 

care for patients and their children. 

Recently, more and more attentions have turned towards developing non-invasive testing methods, 

including ultrasound examination and the quantification of various blood-borne and urinary 

biomarkers. The discovery of cell-free fetal (cff) DNA in maternal blood opened a new perspective in 

the field of non-invasive prenatal diagnosis both in research and clinical care [4]. To date, two 

applications of cffDNA, namely gender determination for X-linked genetic disorders and the prenatal 

diagnosis of the fetal Rhesus D status, have already translated into clinical routine [5–7]. Furthermore, 

several researches have indicated an increase of circulating cffDNA in maternal plasma under certain 

pathologic conditions during pregnancy, such asPE [8,9]. Several studies reported that the maternal 

plasma or serum concentrations of cffDNA from pregnant women with PE were significantly higher 

than those from normotensive control subjects [10–25]. It has been postulated that impaired 

trophoblastic invasion of the maternal spiral arteries leads to placental ischemia, with release into the 

maternal circulation of necrotic or apoptotic syncytiotrophoblast fragments that contain fetal  

DNA [22,23]. In addition to evidence for increased entry of cffDNA into the maternal circulation, 

there is also evidence that, in PE, there is reduced clearance of cffDNA from maternal plasma [14]. 

However, there is controversy as to whether the altered levels precede the onset of the disease [20–24]. 

In our study, we conducted a prospective study and collected maternal serum in their early second 

trimesters to quantify cffDNA to explore whether it could be used to predict the development of EOPE 

before the onset of symptoms in patients at risk, and to assess the possibility of it in predicting EOPE. 

Recent data showed that alpha-fetoprotein (AFP) and human chorionic gonadotropin (HCG), both 

are serum prenatal screening markers in second trimesters for birth defects, could predict PE as  

well [26,27]. We, therefore, examined the possible association between cffDNA and the two prenatal 

screening markers. 
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2. Results and Discussion 

2.1. Results 

2.1.1. Maternal Epidemiological Characteristics 

One thousand and eleven subjects were interviewed by telephone and all of them finished the 

epidemiological survey questionnaires. Among them, 30 cases developed into EOPE subsequently. 

The incident of it was 2.97%, which was similar to the incidence reported previously. Eight hundred 

and sixty seven pregnant women were normal; they did not experience any complications and resulted 

in the live birth of phenotypically normal neonates. The maternal characteristics are shown in Table 1. 

In the EOPE group, compared with the control group, the maternal age and pregestational body mass 

index (BMI) were higher, and more women had the family history of hypertention, previous abortion, 

and the medical history of hypertension, diabetes and nephritis. These findings were consistent with 

the previous studies [28]. 

Table 1. Maternal epidemiological characteristics. 

 Case (n = 30) Control (n = 867) p-values 

Maternal age, y 30.47 ± 5.31 27.48 ± 4.70 0.001 * 
Gestational weeks at enrollment, w 17.99 ± 1.17 17.87 ± 1.24 0.617 

Pregestational body mass index, kg/m2 23.49 ± 3.57 21.30 ± 2.76 0.002 * 
Nulliparous 80.0% 88.5% 0.158 

Previous abortion 6.7% 0.9% 0.003 * 
Family history of hypertension 63.3% 18.9% <0.001 * 

Medical history of hypertension, 
diabetes and nephritis 

10.0% 0.3% <0.001 * 

* There is a significant difference between the case and control. 

2.1.2. The Levels of Maternal Serum cffDNA, HCG and AFP in the EOPE and Control Groups 

The levels of maternal serum cffDNA, HCG and AFP were analyzed in 40 pregnant women who 

were carrying male fetuses (Table 2 and Figure 1). The medians of (logged) cffDNA and HCG were 

significantly higher in pregnant women with EOPE than in controls (median: 3.08, interquartile range: 

2.93–3.68 vs. median: 1.79, interquartile range: 1.46–2.53, p < 0.001; median: 20.27 ng/mL, 

interquartile range: 16.05–28.12 ng/mL vs. median: 9.98 ng/mL, interquartile range: 7.52–12.04 ng/mL, 

p < 0.001). However, there was no statistical difference in the level of maternal serum AFP between 

the two groups (median: 29.00 ng/mL, interquartile range: 21.42–52.43 ng/mL vs. median: 47.94 ng/mL, 

interquartile range: 31.36–61.85 ng/mL, p = 0.094). 

2.1.3. The Correlation between the Levels of cffDNA and Prenatal Screening Markers 

We further analyzed the correlation between the levels of (logged) cffDNA and prenatal screening 

markers (HCG and AFP). The significant positive correlation was noted between (logged) cffDNA and 

HCG (p < 0.001, r = 0.628), but no statistical correlation between (logged) cffDNA and AFP was 

found (Figure 2). 
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Table 2. Epidemiological characteristics in 40 cases of pregnant women carrying  

male fetus. 

 Case (n = 20) Control (n = 20) p-values 

Maternal age, y 29.54 ± 5.07 28.27 ± 4.78 0.421 
Gestational weeks at enrollment, w 18.06 ± 1.37 17.80 ± 0.99 0.488 

Getational weeks at delivery, w 35.66 ± 3.00 39.96 ± 0.48 <0.001 * 
Birth weight, kg 2.79 ± 0.81 3.50 ± 0.22 0.001 * 

Intrauterine growth restriction (IUGR) 10% 0% 0.487 

* There is a significant difference between the case and control. 

Figure 1. (A) box plot of (logged) cell-free fetal DNA (cffDNA) in the control and  

early-onset preeclampsia (EOPE) groups; (B) box plot of human chorionic gonadotropin 

(HCG) in control and EOPE groups; (C) box plot of alpha-fetoprotein (AFP) in control and 

EOPE groups.  
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Figure 2. The correlation between (logged) cffDNA and HCG was shown in (A). The 

correlation between (logged) cffDNA and AFP was shown in (B). The lines display the 

regression coefficient with 95% confidence for the mean. 

 

(A) (B) 

2.1.4. The Evaluation of the Value of cffDNA in Predicting EOPE 

In order to futher evaluate the value of cffDNA in predicting EOPE, the correlations of the level of 

(logged) cffDNA with gestation weeks at delivery and babies’ birth weight were analyzed respectively. 

Significant reciprocal correlations were noted: r = −0.623, p < 0.001 and r = −0.516, p = 0.001, 

respectively (Figure 3). A cut-off value of (logged) cffDNA at 2.62 was chosen by ROC curve 

analysis, which provided a sensitivity of 90% and a specificity of 85% to discriminate between the 

cases at risk for EOPE and the normal controls. We further found that the sensitivity and specificity were 

better when using cffDNA and HCG together as a predicting marker than those of using cffDNA alone. 

When the cut-off value was 0.05, the sensitivity and specificity were 95% respectively. (Figure 4). 

Figure 3. The correlation between (logged) cffDNA and babies’ birth weight was shown  

in (A). The correlation between (logged) cffDNA and gestational weeks at delivery was 

shown in (B). The lines display the regression coefficient with 95% confidence for the mean. 

(A) (B) 
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Figure 4. The receiver operating characteristic (ROC) curves of cffDNA alone and 

cffDNA combined with HCG to predict EOPE were shown. 

 

2.2. Discussion 

Recent researches showed that the level of serum cffDNA was significantly higher in PE mothers 

than that in the controls. Moreover, the increased cffDNA may be the consequence of both exaggerated 

shedding of placental apoptotic and/or necrotic materials triggered by fetoplacental hypoxemia and 

decreased clearance from maternal blood [14,29]. In our study, we had the same findings. Apart from 

this, we also found that it had good sensitivity of 90% and specificity of 85% in predicting EOPE when 

the cut-off value of (logged) cffDNA was 2.62. It may help in prompting the maternal-fetal pregnancy 

outcomes. The higher cffDNA level was associated with, the lower babies’ birth weight and the shorter 

gestation weeks at delivery. Since the placenta is one of the major sources of cffDNA in pregnancy, 

our observation also implies that the circulating cffDNA may help in understanding the biological 

nature of EOPE, an underlying hypoxic condition in the placenta. 

The measurement of the cffDNA concentration in maternal plasma or serum may have diagnostic 

importance in PE pregnancies. The use of cffDNA for noninvasive prenatal diagnosis is expanding 

after robust data regarding the identification of specific fetal genes including RhD and Y chromosome 

specific genes [4]. The introduction of real-time quantitative PCR has increased its clinical role of 

cffDNA because of the high sensitivity and specificity and fewer problems with contamination. The Y 

chromosome DNA measurement we used in this study relates solely to fetal-derived material in 

contrast to other metabolic or hormonal markers for PE in maternal blood, which includes a mixture of 

maternal and fetal origin. However, it is only applicable to pregnancies with male fetuses and future 

research needs to identify markers that would allow monitoring of all pregnancies. Recently, studies 

showed that hypermethylated RASSF1A gene can be used as an epigenetic marker to detect the fetal 

DNA in maternal plasma, which may be expanded to the clinical application of gender independent 

noninvasive prenatal diagnosis [8]. 
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In addition, our study revealed that the level of maternal serum HCG in the early second trimesters 

increased significantly in the women with EOPE compared to the controls. HCG, one of the major 

biomarkers of prenatal screening, consisting of β and α subunits, is a kind of glycoprotein secreted by 

placenta syneytiotrophoblasts. It could be used to predict the onset of EOPE. PE is a placenta derived 

disease, with a series of pathophysiological changes before clinical symptoms, such as reactive 

hyperplasia of syneytiotrophoblasts caused by placental hypoxemia which could increase the HCG 

secretion [30–35]. Jin et al. [34] conducted a prospective cohort study. They tested 3076 gravidas and 

found that the level of serum HCG in 32 gravidas ultimately experienced PE was significantly higher 

than that in normal pregnancies. This finding was consistent with ours. Since both cffDNA and HCG 

were elevated prior to the onset of EOPE, we compared the levels of these two parameters by the 

Spearman rank test and found that there was a significant positive correlation between them, which 

supports the hypothesis that there was an underlying hypoxic condition in the placenta in PE before the 

clinical syndromes manifest. This is the first study to show that the increased cffDNA concentration in 

serum samples from pregnant women at-risk for EOPE correlated strongly with the increased HCG 

concentration in those samples. In addition, we found that the sensitivity and specificity were further 

improved when using cffDNA together with HCG as a predicting marker for EOPE. Another major 

biomarker of prenatal screening is AFP, a kind of embryo-specific globulin. It is generated by yolk sac 

and hepatocytes in embryonic period. After the 12th gestation week, liver becomes the major organ for 

AFP production. Under normal conditions, only a small amount of AFP could cross the placenta into 

maternal circulation. Some research showed that the level of AFP in severe PE patients increased 

during late trimester of pregnancy and pointed that the increased level of AFP in pregnancies with PE 

may be related to the increase of placenta and fetal membrane permeability caused by insufficient 

reconstruction of spiral arteries and hypoxemia [12]. However, our study showed no obvious 

difference between pregnant women developed into EOPE subsequently and controls (p = 0.162), 

which is consistent with the previous research [34]. Therefore, we presumed that the level of serum 

AFP might be a hint for severity of PE, but not for its early prediction. 

3. Experimental Section 

3.1. Study Population 

This was a prospective study in singleton pregnancies. 1011 pregnant women visiting Prenatal 

Diagnosis Center of Zhongda Hospital affiliated to Southeast University from November 2010 to 

January 2011 at 15 to 20+6 gestation weeks were recruited for the study. Their serum were collected 

and stored at −70 °C for subsequent biochemical analysis. Written informed consent was obtained 

from the women who agreed to participate in the study, which was approved by the institutional review 

board at Zhongda Hospita. All of them were interviewed by telephone about the pregnancy outcome, 

and asked to complete a questionnaire on personal essential information, history of present illness 

(urinary tract infection, periodontal diseases, present diseases), history of past illness (history of 

hypertension, diabetes, kidney diseases, polycystic ovarian syndrome, PE), history of pregnancy (last 

menstrual period, age of menarche, history of delivery, history of spontaneous abortion), family history 

(diabetes, hypertension, cardiovascular and cerebrovascular diseases), smoking history, progestational 
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body mass index (BMI), etc. 30 pregnant women developed into EOPE subsequently, and 867 pregnant 

women who did not experience any complications and resulted in the live birth of phenotypically 

normal neonates were grouped to control group. We measured cffDNA in samples from 40 cases 

carrying male fetus, including 20 cases with EOPE and 20 control pregnant women, who were 

matched in maternal age and gestation weeks at enrollment. We collected the data of HCG and AFP 

directly from the Prenatal Diagnosis Center of Zhongda Hospital affiliated to Southeast University. 

The definition of EOPE includes: PE onset is earlier than 34th gestation weeks [3]; the development 

of diastolic blood pressure of ≥90 mm Hg on at least two occasions 4 h apart after 20 weeks of 

gestation in previously normotensive women and proteinuria of ≥300 mg in 24 h or two readings of at 

least “++” on dipstick analysis of midstream or catheter urine specimens if no 24-h collection is 

available [36]. Intrauterine growth restriction (IUGR) refers to a birth weight that is below the  

10th percentile. 

3.2. Serum DNA Extraction 

Maternal serum in the second trimesters was provided by the Prenatal Diagnosis Center of Zhongda 

Hospital affiliated to Southeast University. 100 µL maternal serum was incubated at 56 °C for 10 min 

with 200 µL enzyme reaction solution (1% SDS; 5 mM EDTA-Na2; 10 mM Tris-HCl) and 5 µL  

20 mg/mL Proteinase K (TaKaRa, Japan), and precipitated at room temperature for at less 30 min by 

using 300 µL NaI solution and 600 µL isopropyl alcohol, and then centrifuged (25,000× g for  

20 min) to remove the supernatant. The sediment was rinsed by 40% isopropyl alcohol and 70% 

alcohol relatively. Finally, DNA was dissolved in 20 µL volumes of TE solutionand stored at −70 °C. 

The genomic DNA extracted from the health man was isolated from blood using the QIAamp DNA 

Mini Blood Kit (Qiagen Inc., Valencia, CA, USA). 

3.3. Real-Time Quantitative PCR Amplification 

The Y chromosome specific gene was used to determine the level of cffDNA by SYBR 

GREEN�fluorescence quantitative real-time PCR assay (FQ-PCR) using BioRad Chorom 4 detection  

system. The sequences of the primers were designed as follow: upstream primer was 

GTCATAGAAGAGTCAAGTCAGTCA; downstream primer was ACAAGGGAACTGATATCCAG 

TGGCGAC. The reactions were set up in a total volume of 20 µL, containing 1 µL DNA, 10 µL 

SYBR® Premix Ex Taq™ (TaKaRa, Japan), 1 µL of 10 µM upstream and downstream primer 

respectively and 7 µL sterilized ultrapure water. 

PCR was performed using the following programs: 95 °C for 2 min, followed by 40 cycles of 95° 

for 15 s and 60° for 30 s. To determine the copy number of cffDNA in the serum sample, a linear 

regression curve using the DNA extracted from the health man and diluted from 1:10 to 1:106 was 

employed. The standard preparation and each cffDNA sample were tested on the same reaction tubes 

for each PCR run, and each concentration was tested in at least three replicates, the results’ outliers 

were excluded, and the rest results were averaged. Negative reaction and blank control were included 

in every analysis to minimize the risk of contamination. 
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3.4. Statistical Analysis 

The SPSS statistical software package (version 13.0; SPSS Inc, Chicago, IL, USA) was used for all 

data analyses. The normality of the distributions was confirmed by the Kolmogorov-Smirnov test. 

Distributions of demographic characteristics were analyzed by the Student t test and Chi-square test. 

Fisher’s exact test was used when there were fewer than five units in any of the classes. All of the 

continuous variables with normal distribution were presented as mean ± SD. Measurements of cffDNA 

were logarithmically transformed (to base 10) to remove skewness; all analyses presented used the 

logged values. Since the non-parametrically distributed, the log10 cffDNA, HCG and AFP 

concentrations were presented as median and interquartile range and the difference between two 

groups was analyzed by using the Mann–Whitney U test. Detection rate and false-positive rate were 

calculated for cffDNA and HCG together and cffDNA alone with a univariable receiver operating 

characteristic (ROC) curve. Finally, the correlation of the cffDNA levels with two prenatal screening 

markers: HCG and AFP, gestation weeks at delivery and babies’ birth weight were determined using 

the Spearman rank. A two-sided p value less than 0.05 was considered statistically significant. 

4. Conclusions 

In conclusion, our findings indicate that cffDNA in maternal serum is a potential noninvasive 

marker for EOPE with high sensitivity and specificity. It was strongly correlated with gestation weeks 

at delivery and babies’ birth weight. The increased level of cffDNA correlated significantly with the 

increased HCG level. Therefore, our study may help in providing indirect clues to the underlying 

hypoxic condition in the placenta in EOPE. However, our cffDNA is gender dependent, future research 

needs to identify markers that would allow monitoring of all pregnancies. Our study warrants further 

investigation with a large sample size, especially for EOPE. 

Acknowledgments 

This work was supported by the research grant (61271055) from National Natural Science 

Foundation of China (NSFC) and Science & Technology Project of Nanjing(201001095). 

Conflict of Interest 

All authors declare no conflict of interest. 

References 

1. Hahn, S.; Rusterholz, C.; Hosli, I.; Lapaire, O. Cell-free nucleic acids as potential markers for 

preeclampsia. Placenta 2011, 32, S17–S20. 

2. Redman, C.W.; Sargent, I.L. Placental stress and preeclampsia: A revised view. Placenta 2009, 

30, S38–S42. 

3. Sibai, B.M.; Barton, J.R. Expectant management of severe preeclampsia remote from term: 

Patient selection, treatment, and delivery indications. Am. J. Obstet. Gynecol. 2007, 196, 514.e1–9. 



Int. J. Mol. Sci. 2013, 14 7580 

 

 

4. Lo, Y.M.; Corbetta, N.; Chamberlain, P.F.; Rai, V.; Sargent, I.L.; Redman, C.W.; Wainscoat, J.S. 

Presence of fetal DNA in maternal plasma and serum. Lancet 1997, 350, 485–487. 

5. Hyett, J.A.; Gardener, G.;Stojilkovic-Mikic, T.; Finning, K.M.; Martin, P.G.; Rodeck, C.H.; 

Chitty, L.S. Reduction in diagnostic and therapeutic interventions by non-invasive determination 

of fetal sex in early pregnancy. Prenat. Diagn. 2005, 25, 1111–1116. 

6. Finning, K.; Martin, P.; Daniels, G. A clinical service in the UK to predict fetal Rh(Rhesus) D 

blood group using free fetal DNA in maternal plasma. Ann. N. Y. Acad. Sci. 2004, 1022, 119–123. 

7. Daniels, G.; Finning, K.; Martin, P.; Massey, E. Noninvasive prenatal diagnosis of fetal blood 

group phenotypes: Current practice and future prospects. Prenat. Diagn. 2009, 29, 101–107. 

8. Zhao, F.; Wang, J.; Liu, R.;Yang, J.; Cui, K.; Wu, Y.; Guo, J.; Mu, Y.; Wang X. Quantification 

and application of the placental epigenetic signature of the RASSF1A gene in maternal plasma. 

Prenat. Diagn. 2010, 30, 778–782. 

9. Sifakis, S.; Zaravinos, A.; Maiz, N.; Spandidos, D.A.; Nicolaides, K.H. First-trimester maternal 

plasma cell-free fetal DNA and preeclampsia. Am. J. Obstet. Gynecol. 2009, 201, 472.e1–7. 

10. Lo, Y.M.; Leung, T.N.; Tein, M.S.; Sargent, I.L.; Zhang, J.; Lau, T.K.; Haines, C.J.; Redman, C.W. 

Quantitative abnormalities of fetal DNA in maternal serum in preeclampsia. Clin. Chem. 1999, 

45, 184–188. 

11. Zhong, X.Y.; Laivuori, H.; Livingston, J.C.; Ylikorkala, O.; Sibai, B.M.; Holzqreve, W.; Hahn, S. 

Elevation of both maternal and fetal extracellular circulating deoxyribonucleic acid concentrations 

in the plasma of pregnant women with preeclampsia. Am. J. Obstet. Gynecol. 2001, 184, 414–419. 

12. Smid, M.; Vassallo, A.; Lagona, F.; Valsecchi, L.; Maniscalco, L.; Danti, L.; Lojacono, A.; 

Ferrar, A.; Ferrari, M.; Cremonesi, L. Quantitative analysis of fetal DNA in maternal plasma in 

pathological conditions associated with placental abnormalities. Ann. N. Y. Acad. Sci. 2001, 945, 

132–137. 

13. Swinkels, D.W.; de Kok, J.B.; Hendriks, J.C.; Wiegerinck, E.; Zusterzeel, P.L.; Steegers, E.A. 

Hemolysis, elevated liver enzymes, and low platelet count (HELLP) syndrome as a complication 

of preeclampsia in pregnant women increases the amount of cell-free fetal and maternal DNA 

inmaternal plasma and serum. Clin. Chem. 2002, 48, 650–653. 

14. Lau, T.W.; Leung, T.N.; Chan, L.Y.; Lau, T.K.; Chan, K.C.; Tam, W.H.; Lo, YM. Fetal DNA 

clearance from maternal plasma is impaired in preeclampsia. Clin. Chem. 2002, 48, 2141–2146. 

15. Sekizawa, A.; Jimbo, M.; Saito, H.; Iwasaki, M.; Matsuoka, R.; Okai, T.; Farina, A. Cell-free fetal 

DNA in the plasma of pregnant women with severe fetal growth restriction. Am. J. Obstet. Gynecol. 

2003, 188, 480–484. 

16. Shimada, K.; Murakami, K.; Shozu, M.; Segawa, T.; Sumitani, H.; Inoue, M. Sex-determining 

region Y levels in maternal plasma: Evaluation in abnormal pregnancy. J. Obstet. Gynaecol. Res. 

2004, 30, 148–154. 

17. Farina, A.; Sekizawa, A.; Rizzo, N.; Concu, M.; Banzola, I.; Carinci, P.; Simonazzi, G.; Okai, T. 

Cell-free fetal DNA (SRY locus) concentration in maternal plasma is directly correlated to the 

time elapsed from the onset of preeclampsia to the collection of blood. Prenat. Diagn. 2004, 24, 

293–297. 



Int. J. Mol. Sci. 2013, 14 7581 

 

 

18. Zhong, X.Y.; Gebhardt, S.; Hillermann, R.; Tofa, K.C.; Holzgreve, W.; Hahn, S. Parallel 

assessment of circulatory fetal DNA and corticotropin-releasing hormone mRNA in early- and 

late-onset preeclampsia. Clin. Chem. 2005, 51, 1730–1733. 

19. Smid, M.; Galbiati, S.; Lojacono, A.; Valsecchi, L.; Platto, C.; Cavoretto, P.; Calza, S.; Ferrari, A.; 

Ferrari M.; Cremonesi, L. Correlation of fetal DNA levels in maternal plasma with Doppler status 

in pathological pregnancies. Prenat. Diagn. 2006, 26,785–790. 

20. Leung, T.N.; Zhang, J.; Lau, T.K.; Lo, Y.M. Increased maternal plasma fetal DNA concentrations 

in women who eventually develop preeclampsia. Clin. Chem. 2001, 47, 137–139. 

21. Zhong, X.Y.; Holzgreve, W.; Hahn, S. The levels of circulatory cell free fetal DNA in maternal 

plasma are elevated prior to the onset of preeclampsia. Hypertens. Pregnancy 2002, 21, 77–83. 

22. Levine, R.J.; Qian, C.; Leshane, E.S.; Yu, K.F.; Enqland, L.J.; Schisterman, E.F.; Wataqanara, T.; 

Romero, R.; Bianchi, D.W. Two-stage elevation of cell-free fetal DNA in maternal sera before 

onset of preeclampsia. Am. J. Obstet. Gynecol. 2004, 190, 707–713. 

23. Farina, A.; Sekizawa, A.; Sugito, Y.; Iwasaki, M.; Jimbo, M.; Saito, H.; Okai, T. Fetal DNA in 

maternal plasma as a screening variable for preeclampsia: A preliminary nonparametric analysis 

of detection rate in low-risk nonsymptomatic patients. Prenat. Diagn. 2004, 24, 83–86. 

24. Crowley, A.; Martin, C.; Fitzpatrick, P.; Sheils, O.; O’Herlihy, C.; O’Leary, J.J.; Byrne, B.M. 

Free fetal DNA is not increased before 22 weeks in intrauterine growth restriction or 

preeclampsia. Prenat. Diagn. 2007, 27, 174–179. 

25. Lazar, L.; Rigó, J., Jr.; Nagy, B.; Balogh, K.; Makó, V.; Cervenak, L.; Mézes. M.; Prohászka, Z.; 

Molvarec, A. Relationship of circulating cell-free DNA levels to cell-free fetal DNA levels, 

clinical characteristics and laboratory parameters in preeclampsia. BMC Med. Genet. 2009, 10, 

doi:10.1186/1471-2350-10-120. 

26. Morris, R.K.; Cnossen, J.S.; Langejans, M.; Robson, S.C.; Kleijnen, J.; TerRiet, G.; Mol, B.W.; 

van der Post, J.A.; Khan, K.S. Serum screening with Down's syndrome markers to predict  

pre-eclampsia and small for gestational age: Systematic review and meta-analysis.  

BMC Pregnancy Childbirth 2008, 8, doi:10.1186/1471-2393-8-33. 

27. Di Lorenzo, G.; Ceccarello, M.; Cecotti, V.; Ronfani, L.; Monasta, L.; Vecchi Brumatti, L.; 

Montico, M.; D’Ottavio, G. First trimester maternal serum PIGF, free b-hCG, PAPP-A, PP-13, 

uterine artery Doppler and maternal history for the prediction of preeclampsia. Placenta 2012, 33, 

495–501. 

28. Audibert, F.; Boucoiran, I.; An, N.; Aleksandrov, N.; Delvin, E.; Bujold, E.; Rey, E. Screening for 

preeclampsia using first-trimester serummarkers and uterine artery Doppler in nulliparous women. 

Am. J. Obstet. Gynecol. 2010, 203, 383.e1–8. 

29. Tjoa, M.L.; Cindrova-Davies, T.; Spasic-Boskovic, O.; Bianchi, D.W.; Burton, G.J. Trophoblastic 

oxidative stress and the release of cell-free feto-placental DNA. Am. J. Pathol. 2006, 169, 400–404. 

30. Ahn, H.; Park, J.; Gilman-Sachs, A.; Kwak-Kim, J. Immunologic characteristics of preeclampsia, 

a comprehensive review. Am. J. Reprod. Immunol. 2011, 65, 377–394. 

31. Servitje, E.L.; Lopez, N.G.; Olson, D.M. An immunological insight into the origins of 

preeclampsia. Hum. Reprod. Update 2010, 16, 510–524. 

32. Uzan, J.; Carbonnel, M.; Piconne, O.; Asmar, R.; Ayoubi, J.M. Pre-eclampsia: Pathophysiology, 

diagnosis,and management.Vasc. Health Risk Manag. 2011, 7, 467–474. 



Int. J. Mol. Sci. 2013, 14 7582 

 

 

33. Chen, J.Z.; Sheehan, P.M.; Brennecke, S.P.; Keogh, R.J. Vessel remodelling, pregnancy 

hormones and extravilloustrophoblast function. Mol. Cell. Endocrinol. 2012, 349, 138–144. 

34. Jin, H.K.; Antonio, F.; Ji, H.P. Down syndrome biochemical markers and screening for 

preeclampsia at first and second trimester: Correlation with the week of onset and the severity. 

Prenat. Diagn. 2008, 28, 704–709. 

35. Lambert-Messerlian, G.M.; Silver, H.M.; Petraglia, F.; Luisi, S.; Pezzani, I.; Maybruck, W.M.; 

Hogge, W.A.; Hanley-Yanez, K.; Roberts, J.M.; Neveux, L.M.; et al. Second-trimester levels of 

maternal serum human chorionic gonadotropin and inhibin a as predictiors of preeclampsia in the 

third trimester of pregnancy. J. Soc. Gynecol. Invest. 2000, 7, 170–174. 

36. Davey, D.A.; MacGillivray, I. The classification and definition of the hypertensive disorders of 

pregnancy. Am. J. Obstet. Gynecol. 1988, 158, 892–898. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


