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ABSTRACT 

Preeclampsia(PE) is one of the serious complication of pregnancy which involves proteinuria 

and high blood pressure. The aim isto determine the changes in maternal serum fetal cell-free 

DNA (cff-DNA) in women with preeclampsia (PE) in comparisonto normotensive pregnant 

women.Twenty pregnant patients with PE at 28-32 weeks of gestation were included in the 

study. They have developed elevation of blood pressure after 24 weeks of gestation (systolic 

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

and detection of protein in urine (≥300 mg in a 24-hour urine collection or dipstick 

measurement ≥ 1). In addition, 30 normotensive pregnant women were considered as a 

control group. Serum obtained and nucleic acid in free condition for both groups is tested by 

direct fluorescent assay.Women with PE had low gestational age at delivery and low birth 

weight than those with normal pregnancies. In regard to Apgar scores both within 1
st
 and 5

th
 

minute which was not significantly different.There are significant differences in the 2 groups 

in regard to mother blood test of DNA. Mother serum total cff-DNA level were higher in 

preeclampsia group in comparison to normotensive group. In conclusion, there is evidence 
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suggesting that cff-DNA concentrations would become higher with onset of the disease.  

Thus, cff-DNA can be applied as a biomarker for PE. 

Key words: Fetal DNA, Hypertension, Maternal plasma, Preeclampsia, Pregnant women. 

INTRODUCTION 

 Preeclampsia(PE) is one of the serious complicatonof pregnancy which involves proteinuria 

and high blood pressure. There are over 30 000 women die worldwide each year because of 

PE, with 98% of the deaths in developing countries(Kassebaumet al, 2014).The total 

perinatal loss caused by PE occurs at a rate of 10-25%(Redman andSergent, 2000; Vogalet al, 

2014).PE occurs in 5% primgravidae, with serious complications including cerebral 

hemorrhage, hepatic and renal dysfunction(Redman andSergent, 

2000).Preeclampsiacanbemanifested as hypertension and proteinuria with or without fetal 

growth restriction(FGR) (Redman andSergent, 2000). 

Preeclampsia is a placenta derived disease, with a series of pathophysiological changes 

before clinical symptoms, such as reactive hyperplasia of syncytiotrophoblasts caused by 

placental hypoxemia which could increase the HCG secretion (Lambert-Messerlianet al, 

2000; Ahnet al, 2011).Many theories have implanted for the causes of PE as abnormal 

placental trophoblastic invasion, immunological defect and genetic predisposing factor. 

Therefore, PE regarded as multifactorial disorder. 

   The presence of circulating fetal DNA in maternal plasma and serum has been detected in 

1997 (Lo et al, 1997). Then, it has been discovered that levels of fetal DNA are higher in 

pregnancies associated with preeclampsia in comparison to normal pregnancies (Ward & 

Taylor, 2015). So, it can be concluded that fetal DNAlevels in serum can be applied for the 

detection of PE. 

 

Cell-free nucleic acids(cff-DNA) in plasma and serum are considered biomarkersfordifferent 

medical conditions as well as obstetrical aspect in prenatal status (Schwarzenbachet al, 

2008).Placental or fetal-DNAmakes up a small fraction (5%) of the total cff-DNA in maternal 

plasma, and it is even lower in serum samples (Atamaniuket al, 2011). The cff-DNA can be 

detected in the blood of the mother at the 5
th

-6
th

weeks of pregnancy which increases with 

advancing gestational age(Lau et al, 2002). 
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Preeclampsia and fetal growth restriction (FGR) are the major obstetrical problem. These 2 

conditions are associated with same pathogenesis and predisposed factors(Romero, 

1996;Bibbins-Domingo et al, 2017;Nardozzaet al, 2017). The mechanisms include abnormal 

placentation, defect in trophoblast invasion. chronic utero-placental ischemia, elevation of 

trophoblast apoptosis which lead to maternal inflammatory reaction. But beside of these 

similarities in the underlying mechanisms, the 2 conditions differ in their clinical 

features(Levine et al, 2006). 

   Previous study hadsuggested that women with history of placental dysfunction 

(preeclampsia [PE] and fetal growth restriction [FGR]) had high concentrations of cff-

DNA(Fisher and Roberts, 2015).Both those conditions areaccompanying by placentalblood 

vessel disturbance which leads to ischemia of trophoblastic cells, which may increase the 

release of cff-DNA in maternal plasma (Madazilet al, 2000). A new study has observed 

thatcff-DNA as marker for PE its severity. They concludedthatcff-DNA levels weremore 

before the onset of the clinical PE (Erlebacher, 2013; Khodzhaevaet al, 2016). 

It had been concluded that women with established PE had high level of plasma or serum 

concentrations of both total and fetal cell-free (cff-DNA)than in women with normal blood 

pressure and it is elevated in severe PE (Loiselet al, 2013; Redman et al, 2015). Such 

observation might be related to increase necrosis of trophoblastic cells due to infarction and 

decrease disappearance of the cff-DNA from the maternal blood in women with PE (Am. 

Coll. Obstet. Gynecol, 2002). 

   The aim of the study is to determine the changes in maternal serum fetal cell-free DNA 

(cff-DNA) in women with PE in comparisonto normotensive pregnant women. 

PATIENTS AND METHODS 

Ethical approval was obtained from the Committee of the Arabic Board for Medical 

Specialization. The women accept enrolled and involvement in the study.  

Twenty pregnant patients with PE at 28-32 weeks of gestation were included in the study. 

They have developed elevation of blood pressure after 24 weeks of gestation (systolic blood 

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

detection of protein in urine (≥300 mg in a 24-hour urine collection or dipstick measurement 

≥ 1) (Sibai, 2003). 
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In addition, 30 normotensive pregnant women were considered as a control group.Their 

pregnancies were ended at(37–42 weeks) as one baby with a 5-minute Apgar score ≥7 and 

normal birth weight. The women should be normal with uncomplicated 

pregnancies.Gestational estimation was detection of last menstrual period (LMP), beside 

ultrasound examination of fetal age in the first trimester. 

Fetal growth retardation (FGR) was considered if the weight of the fetus less than the 

10
th

 percentile associated with abnormal umbilical, and middle cerebral artery Doppler study 

(Caramelliet al, 2003). 

Exclusion criteria: 

a- Multiple pregnancies. 

 b-Pregnant with malformation. 

c- Thyroid disorder. 

d-Systemic lupus erythematosus. 

e-Diabetes  mellitus. 

f-Placenta previa. 

g-Vaginal bleeding. 

 Women of both groups were subjected to the following investigations: 

a-Complete blood picture(CBP). 

b-Renal function test. 

c-Urine for albumin. 

Venousserum samples were collected from all the women in both groups.Serum obtained and 

nucleic acid in free condition is tested by direct fluorescent assay.The assessment of cff-DNA 

is done by aspiration of 10 ml of venous blood in EDTA-K2tubes,centrifuged at 1600g for 10 

minutes. The supernatant plasma were collected into EppendorfDNAse free tubes. Then, it is 

recentrifuged again at 16000g for further 10 minutes. The final supernatant will be undergone 

DNA extraction by using special kit.High total cell-free DNA concentrations were defined as 

a serum concentration above 850ng/mL(Lo et al, 1999). 
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Statistical evaluation was done with the SPSS package. P value <0.05 was considered 

statistically significant. 

RESULTS 

A total of 50 pregnant women were included in the study, they were divided into 20 patients 

with preeclampsia, and 30 women with normal pregnancies (Table 1). 

  The clinical features of the 2 groups were illustrated in Table (1). No significant differences 

were observed between the 2 groups concerning age, women body mass index, their number 

of pregnancy, number of children but there was significantly higher rate of intrauterine 

growth restriction in patients with PE than control group. 

Table 1. Clinical features for both groups. 

Variable Precelampsia group: 

20 

normotensive group 

N :30 

Test of significant 

Women  age 30+ 52 28+ 32 0.1 

BMI 26.4 ± 5.6 26.1 ± 6.5 o.1 

PARITY 

Primgravida 

1-5 

>5 

 

11 

7 

2 

 

13 

7 

10 

o.1 

Gestational Age at 

sample collection 

(weeks) 

30.4 ± 4.6 

30.9 ± 4 

 

History of IUGR 11 4  

History of help 

syndrome 

1 - 0.1 

Mode of delivery: 

Vaginal delivery 

 

8 

 

24 

 

0.05 
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Caesarian section 12 6 0.05 

 

Women with PE had low gestational age at delivery and low birth weight than those with 

normal pregnancies. In regard to Apgar scores both within 1
st
 and 5

th
 minute which was not 

significantly different (Table 2). 

Table 2. Perinatal outcomes among the both groups. 

    
Variable  Control Preeclampsia  

 

Test of  

significant 

Duration of pregnancy  

at delivery (weeks) 

 38±1.5 35.3±3.7  <0.001 

Neonatal Birthweight 

(gr) 

 3189.8±450.1 1232.6±753.1  <0.001 

Apgar score <5 at 1'  3 9  0.05 

        There are significant differences in the 2 groups in regard to mother blood test of DNA. 

Mother serum total cff-DNA level were higher in preeclampsia group in comparison to 

normotensive group (Table 3). 

Table 3- Total cf-DNA serum value in the two groups 

 N MEAN of DNA concentration Range 
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NORMAL PREGNANCY 30 1.67 (1.00- 2.35) 

Mild PE 7 2.43 2.1- 4.2 

Sever PE 13 2.55 1.98 +4.7 

P value  o.oo4  

   The increment in the level of   cff-DNA was higher in female with preeclampsia and fetal 

growth retardation than those with preeclampsia and normal growth fetus (P = 0.003) (Figure 

1, Table 4). 

Table 4- Maternal serum level in patient with IUGR 

Variable N Level of serum DNA Range 

IUGR in PET group  11 1.19 +4.7 1.05-3.2 

Normal for gestational age in 

PET group 

3 3.1+ 4.2 1.97-3.56 

P value  0.003  

 

Fig 1. Maternal serum level in patients with IUGR in both groups. 
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DISCUSSION 

Preeclampsia is a disease affecting multiple system during the second half of pregnancy. 

nowadays focus on advance techniques in detection of hypertensive disorder. The new used 

cff-DNA inpatientsserum give chance for non- invasive fetal diagnosisin obstetrical 

management (Lo et al, 1999; Zhonget al, 2002). 

During the present study, women with elevation of blood pressure had low period of 

ammenorrhea at delivery and birth weight than women with normotensive women.  Apgar 

scores at the 1
st
 and 5

th
minute were significantly different in both groups which is 

corresponding with past studies (Tubbergenet al, 1999; Lambert-Messerlianet al, 2000). 

    In the present study,serumcff-DNA were higher in hypertensive patients in comparison to 

normotensive women. This pattern was reported in other works (Zhonget al, 2002;Sibai, 

2003; Caramelliet al, 2003;Nardozzaet al, 2017).  It has been found that the increased nucleic 

acid occurs at 16 weeks of pregnancy (Cotter et al, 2004).It has beenalso observed that some 

variation in the quantity of cff-DNA at 11-13 weeks in pregnant women who suffered PE 

(Papantonionet al, 2013). In contrast, it has been stated that high cff-DNA concentrations 

cannot be detected prior to 20 weeks of pregnancy(Bauer et al, 2006; Stein et al, 2013).But 

another report indicates no differences or there in cff-DNA in the second term with PE (Stein 

et al, 2013). 

Furthermore, it has been confirmed that the high concentration of plasma cff-DNA was 

detected among pregnant women with PE (Leung et al, 2001; Zhonget al, 2002). Therefore, 

cff-DNA has been established as biomarker for diagnosis among risky women (Farina et al, 

2004). Anyhow, this situationbecomes the main cause for high morbidity and mortality all 

over the world.  

   So, there are 2 mechanisms different and similar, which initiating PE and FGR and are 

related to each other. The similar one involves: 1) Dysfunction of trophoblast invasion. 2) 

The relationship between angiogenic and anti-angiogenic agents in mother circulation. 3) 

Ischemia of the placenta. 4) Apoptosis and necrosis of trophoblasts.5) Inflammatory reaction 

in the mother. Even so, these mechanisms are varying in their clinical features (Egboret al, 

2006; Nardozzaet al, 2017).  
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    In the current study, the level cff-DNA was higher among patients with PE and IUGR in 

comparison to those with PE and ordinary fetal growth.   

    A study has proved that there is no difference between FGR gestations and normal 

pregnancies as far as cff-DNA values. In contrast to our study, however, the work could not 

found a significant variation in the serum level of cff-DNA between women with PE and 

those with FGR. This dissimilarity may due to usage of plasma(Sekizawaet al, 2003) rather 

than what we have done in serum sample. Similar pattern has been confirmed by many other 

researchers (Smidet al, 2006; Alberryet al, 2008; Al-Nakibet al, 2009) which was due to 

placenta dysfunction. 

The main total fetal cff-DNA comes originally from maternal DNA. The maternal 

inflammation has a great role in increasing leukocytes number in PE (Alberryet al, 2008). 

The established clinical picture of PE might be related to placental hypoxia (Alberryet al, 

2009; Al-Nakibet al, 2009). Placental ischemia and unavoidcff-DNA from women circulation 

with PE may have a role in apoptosis of trophoplastes (Lau et al, 2002).However, a recent 

review did not confirm the application of fetal cff-DNA in the diagnosis of PE before the start 

of the disease (Martin et al, 2014).  

Patients with HELLP syndrome have higher plasma cff-DNA levels than those with no 

HELLP syndrome. This syndrome involves hepatic cellular necrosis and hemolysis indicating 

that cellular necrosis might have a relation to the high concentrations of cff-DNA in the 

maternal circulation. Thus, further work is needed to explain this mechanism(DiFederico et 

al, 1999). 

CONCLUSION 

However, there is evidence suggesting that cff-DNA concentrations would become higher 

before the onset of the disease.  Thus, cff-DNA can be applied as a biomarker for PE. (The 

action is rather complicated and include apoptosis, hypoxia and inflammatory reactions). 
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