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Abstract 

 

Analysis of the relationship between total cell-free DNA and 

hypertensive disorders of pregnancy using an epigenetic marker 

 

 

Dong Wook Kwak 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Young-Han Kim) 

 

Objective: To evaluate relation between total cell-free DNA in maternal 

blood and hypertensive disorders of pregnancy using an epigenetic 

marker, and to determine its capacity to predict the development of 

hypertensive disorders of pregnancy. 

Methods: A nested case-control study was conducted. We collected 92 

maternal blood samples with hypertensive disorders of pregnancy (63 

with preeclampsia, and 29 with gestational hypertension), and 188 

samples of normal controls between 6 and 41 gestational weeks. 

Additionally, we obtained six placental samples from both normal and 

preeclampsia patients at the third trimesters. HYP2 was used as the total 

cell-free DNA marker, and we investigated the methylation level at each 

CpG site in paired samples of placenta and maternal blood from normal 

and the preeclampsia patients. We also evaluated HYP2 levels in 
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maternal plasma of normal and preeclampsia patients using real-time 

PCR. In addition, glyceraldehyde-3-phosphate dehydrogenase 

concentrations were quantified in 54 normal controls for identifying its 

correlation with HYP2 levels. Measured HYP2 levels were converted to 

multiples of the median, and corrected for body mass index and 

gestational age at sampling. We compared the concentrations of HYP2 

and multiple of the median values in normal controls and patient groups. 

In addition, we analyzed them with regard to onset-time of preeclampsia 

and accompanying small for gestational age neonates. Finally, we 

calculated detection rates of HYP2 during the first trimester in the 

specific patient groups showing hypertensive disorders of pregnancy  

Results: All CpG sites in HYP2 were completely methylated in both the 

maternal blood cells and placental tissues of preeclampsia patients as 

well as normal controls. Measured HYP2 levels in control group showed 

a strong positive correlation with gestational age at sampling and 

glyceraldehyde-3-phosphate dehydrogenase (p<0.001, both). HYP2 

levels in patients with preeclampsia were significantly increased during 

the third trimester. However, these differences were not significant 

during the first and second trimester. When we divided the patients with 

regard to onset time of preeclampsia, significant difference in HYP2 

levels was observed in patients who subsequently developed early-onset 
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preeclampsia from the second trimester compare to normal controls. 

However, when we divided patients group with regard to birth weight, 

both median HYP2 concentrations and multiples of median values are 

significantly increased during all trimesters in patients who subsequently 

developed preeclampsia and delivered small for gestational age neonates. 

Detection rates of HYP2 during the first trimester for preeclampsia 

patients with small for gestational age neonates were 50.0% and 66.7% at 

a fixed 5% and 10% false-positive rate, respectively. 

Conclusions: Determination of the amount of cell-free total DNA using 

an epigenetic marker is a feasible method for predicting hypertensive 

disorders of pregnancy. The levels of cell-free total DNA in patients who 

later developed preeclampsia with intrauterine growth restriction were 

significantly increased from the first trimester.  

 

 

 

 

 

---------------------------------------------------------------------------------------- 

Keywords: cell-free total DNA; epigenetic marker; hypertensive 

disorders of pregnancy; preeclampsia  
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Analysis of the relationship between total cell-free DNA and 

hypertensive disorders of pregnancy using an epigenetic marker 

 

Dong Wook Kwak 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Young-Han Kim) 
 

 

 

I. INTRODUCTION 

 

Hypertensive disorders of pregnancy are one of the leading causes of maternal 

and fetal morbidity and mortality.1-3 They have been classified into four 

categories: chronic hypertension, preeclampsia, preeclampsia superimposed on 

chronic hypertension, and gestational hypertension. Hypertensive disorders of 

pregnancy are characterized as excessive maternal inflammatory responses to 

pregnancy.4 In the report issued by the American Congress of Obstetrics and 

Gynecologists (2013), the use of low-dose aspirin, beginning in the late first 

trimester, was suggested for women with a history of early-onset preeclampsia 

and preterm delivery at less than 34 0/7 weeks of gestation, or in women who 

had more than one prior pregnancy complicated by preeclampsia.5 Subsequently, 

the U.S. Preventive Services Task Force (2014) published a clinical guideline 

based on a systematic review, and they determined that high-risk diseases are 
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more expansive.6,7 In this respect, there is a growing need to develop a clinically 

applicable test that can identify women with an increased risk of developing 

early-onset preeclampsia. 

For early prediction of preeclampsia, many authors have suggested diverse 

predictors, such as maternal characteristics (age, body mass index, parity, blood 

pressure, and family history), serum marker, or ultrasound findings. Cell-free 

DNA circulating in maternal plasma is one of the potential candidates. Cell-free 

DNA can be both maternal and fetal in origin. Among them, cell-free fetal DNA 

in maternal plasma is of placental origin, shed from the syncytiotrophoblast as 

apoptotic fragments due to normal cell turnover, and released into the maternal 

circulation. Many previous reports have described that cell-free fetal DNA in 

the plasma of patients with preeclampsia increases before the onset of 

symptoms.8-10 Furthermore, the high fetal DNA values may be detected in the 

first trimester in asymptomatic patients who later develop preeclampsia.11-12 

In addition to cell-free fetal DNA, the presence of cell-free total DNA in 

maternal plasma is also shown to be associated with an increased risk for the 

development of preeclampsia.10,13 As cell-free fetal DNA represents only 3-6% 

of the total cell-free DNA in maternal plasma, maternal DNA comprises most of 

cell-free DNA. Farina et al. found higher levels of total DNA in patients 

developing preeclampsia compared to controls, using ß-globin gene as a marker 

of total DNA concentration.13 In contrast, Crowley et al. found no difference in 

the concentration of total cell-free DNA prior to clinical onset of preeclampsia, 
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using the ß-actin gene as a cell-free total DNA marker.14 Recently, Rolnik et al. 

reported that there was a significant increase in median total cell-free DNA 

measured at 11-13 gestational weeks in the early preeclampsia group (the 

patients who subsequently developed preeclampsia and delivered before 34 

weeks) using the targeted sequencing polymorphism-dependent method, but 

these differences were not observed when the values were corrected for 

maternal characteristics and gestation.15 

The aim of this study was to evaluate the relationship between total cell-free 

DNA in maternal blood and hypertensive disorders of pregnancy using an 

epigenetic marker, and to determine the ability of total cell-free DNA to predict 

the development of hypertensive disorders of pregnancy. 
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II. MATERIALS AND METHODS 

1. Study participants and samples 

We performed a nested case-control study of women with singleton pregnancies 

who received routine prenatal care at the Department of Obstetrics and 

Gynecology at Cheil General Hospital between August 2010 and August 2014. 

This study was approved by the Institutional Review Board and the Ethics 

Committee of Cheil General Hospital (#CGH-IRB-2013-54), and informed 

consent was obtained from all study participants. Maternal blood samples were 

collected at 6-41 gestational weeks. Additionally, maternal blood samples and 

paired placental samples were collected after cesarean section delivery from the 

patients who enrolled at third trimester. For the current study, normal 

pregnancies (n = 188) and hypertensive disorders of pregnancy (n = 92), 

including preeclampsia (n = 63) and gestational hypertension (n = 29), were 

selected. Normal controls included pregnant women without medical or 

obstetric complications. Preeclampsia was defined as hypertension (systolic 

blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg, twice, 

4 hours apart) and proteinuria (≥0.3 g/day urine collection and/or ≥1+ on 

dipstick testing) after 20 weeks of gestation. Gestational hypertension is 

new-onset hypertension after 20 weeks of gestation without proteinuria. 

Maternal, fetal, and neonatal records were collected retrospectively. None of the 

participants recruited in this study had histories of medical diseases such as 
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chronic hypertension and diabetes mellitus. We defined small for gestational 

age as a birth weight below the 10th percentile.16  

 

2. Determination of total cell-free DNA marker 

We selected HYP2, located on chromosome 13, as a total cell-free DNA marker. 

 

3. Methylation quantification by bisulfite direct sequencing 

To confirm the methylation patterns of HYP2 in preeclampsia patients, we 

investigated the methylation levels of each CpG site in both normal controls and 

preeclampsia patients using bisulfite direct sequencing. We used six pairs of 

placentas and maternal blood samples from normal pregnancies and 

preeclampsia patients during the third trimester. DNA samples were 

bisulfite-modified using an EpiTect Bisulfite Kit (Qiagen). A bisulfite solution 

was prepared in a total volume of 140 μl containing DNA (1 μg), RNase-free 

water, bisulfite solution (85 μl), and DNA protect buffer (35 μl). The bisulfite 

reaction components were gently mixed by vortexing, and the bisulfite DNA 

conversion reaction was performed using a thermal cycler (Applied Biosystems) 

under the following conditions: DNA denaturation at 95 °C for 5 min, 

incubation at 60 °C for 10 min, denaturation at 95 °C for 5 min, and incubation 

at 60 °C for 10 min at the end of the procedure to ensure complete conversion. 

Purification of the bisulfite-converted DNA was performed as follows: 1) Add 

310 μl of freshly prepared binding buffer containing 10 μg/ml carrier RNA to 
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each sample. Mix the solutions by vortexing and then centrifuge briefly. 2) Add 

250 μl ethanol (96–100%) to each sample. Mix the solutions by pulse vortexing 

for 15 sec, and centrifuge briefly to remove the drops from inside the lid. 3) 

Place the necessary number of MinElute DNA spin columns and collection 

tubes in a suitable rack. Transfer the entire mixture from each tube into the 

corresponding MinElute DNA spin column. 4) Centrifuge the spin columns at 

maximum speed for 1 min. Discard the flow-through, and place the spin 

columns back into the collection tubes. 5) Add 500 μl wash buffer to each spin 

column, and centrifuge at maximum speed for 1 min. Discard the flow-through, 

and place the spin columns back into the collection tubes. 6) Add 500 μl 

desulfonation buffer to each spin column, and incubate for 15 min at room 

temperature (15–25°C). 7) Centrifuge the spin columns at maximum speed for 1 

min. Discard the flow-through, and place the spin columns back into the 

collection tubes. 8) Add 500 μl wash buffer to each spin column and centrifuge 

at maximum speed for 1 min. Discard the flow-through and place the spin 

columns back into the collection tubes. 9) Repeat step 8 once. 10) Add 250 μl 

ethanol (96–100%) to each spin column and centrifuge at maximum speed for 1 

min. 11) Place the spin columns into new 2 ml collection tubes, and centrifuge 

the spin columns at maximum speed for 1 min to remove any residual liquid. 

12) Place the spin columns into clean 1.5 ml microcentrifuge tubes. Add 15 μl 

elution buffer directly onto the center of each spin-column membrane and close 

the lids gently. 13) Incubate the spin columns at room temperature for 1 min. 
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14) Centrifuge for 1 min at 15,000 g to elute the DNA.  

The bisulfite-converted DNA was then amplified by PCR, which was performed 

in a total volume of 20 μL containing 0.25 mM dNTPs, 1.5 mM MgCl2, 1 X 

buffer, 0.25 U Taq polymerase, 10 pM primers, and 1 μL genomic DNA. The 

thermal profile consisted of a denaturation step of 94°C for 5 min followed by 

35 cycles of 94°C for 30 sec, 58°C for 40 sec, and 72°C for 1 min, and 

extension at 72°C for 10 min. After PCR amplification, PCR products were 

purified using a PCR purification kit (Bioneer, Daejeon, Korea) and sequenced 

using a PRISM BigDye Terminator Cycle Sequencing Kit (Applied Biosystems, 

Foster City, CA, USA). Sequencing products were analyzed using a ABI 

3130XL Genetic Analyzer (Applied Biosystems), and electropherogram traces 

were interpreted with DNA sequencing analysis software version 5.3 (Applied 

Biosystems). The methylation ratio of each CpG site was calculated as the peak 

height of C vs. the peak height of C plus the peak height of T, from the 

computer-generated sequencing chromatogram extracted by the Chromas 

program (Version 2.32, Technelysium). A single C at the corresponding CpG 

site denoted 100% methylation, a single T denoted an unmethylated state, 

whereas an overlapping C and T denoted partial methylation (0-100%). 

 

4. Quantification of total cell-free DNA marker in maternal plasma 

of normal and hypertensive disorders of pregnancy 

Quantifications of HYP2 were performed from the plasma samples of normal 
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pregnancies (n=188) and the patients with hypertensive disorders of pregnancy 

(n=92). Additionally, glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 

concentrations were determined in 54 plasma samples to evaluate the 

relationship with measured HYP2 levels. 

 

A. DNA preparation  

Maternal blood samples (10 ml) were collected in EDTA tubes and immediately 

centrifuged at 1,600 g for 10 min at 4°C. The plasma supernatant was 

re-centrifuged at 16,000 g for 10 min at 4°C and aliquoted into 1 ml units for 

DNA extraction. The peripheral blood cell portion was re-centrifuged at 2,500 g 

for 10 min to remove any residual plasma. Genomic DNA was extracted from 

placental tissues and peripheral blood cells using the QIAamp DNA Mini kit 

(Qiagen, Hilden, Germany). Circulating fetal DNA was extracted from 1 ml of 

maternal plasma using the QIAamp DSP Virus Kit (Qiagen), according to the 

manufacturer’s instructions. Add 150 μl QIAGEN Protease and 1 mL lysis 

buffer into 1 mL plasma and mix by pulse-vortexing for 15 sec. Incubate at 

56°C for 30 min. Add 600 μl ethanol (96–100%) and mix thoroughly by 

pulse-vortexing for 15 sec. Incubate for 15 min at room temperature. Insert the 

QIAamp MinElute column into the VacConnector on the vacuum system. Insert 

a Column Extender into the open QIAamp MinElute Column. Carefully apply 

the entire lysate into the Column Extender of the QIAamp MinElute column 

without wetting the rim. After the lysate has been drawn through the QIAamp 
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MinElute column, release the vacuum. Apply 600 μl Wash buffer 1 to the 

QIAamp MinElute column. Carefully remove and discard the Column Extender. 

After Wash buffer 1 has been drawn through the QIAamp MinElute column, 

release the vacuum. Apply 750 μl Wash Buffer 2 to the QIAamp MinElute 

column without wetting the rim. After Wash Buffer 2 has been drawn through 

the QIAamp MinElute column, release the vacuum. Apply 750 μl ethanol 

(96–100%) to the QIAamp MinElute column without wetting the rim. After 

ethanol has been drawn through the QIAamp MinElute column, release the 

vacuum. Place the QIAamp MinElute column in the wash tube and centrifuge at 

full speed for 1 min to dry the membrane completely. Place the QIAamp 

MinElute column in a new wash tube, and incubate with the lid open at 56°C 

for 3 min to evaporate any remaining liquid. Place the QIAamp MinElute 

column in a clean elution tube and apply 50 μl elution buffer. Close the lid and 

incubate at room temperature (15–25°C) for 3 min. Centrifuge at full speed for 

1 min to elute the fetal nucleic acids. 

 

B. Enrichment of methylated DNA 

The MethylMinerTM methylated DNA enrichment kit (Invitrogen, Carlsbad, CA, 

USA) was used to isolate methylated DNA from the circulating DNA extracted 

from maternal plasma. MBD-biotin protein (3.5 μg) was coupled with 10 μl 

Dynabeads M-280 Streptavidin. The MBD-magnetic bead conjugates were 

washed three times and resuspended in 1 volume of 1X Bind/Wash buffer. The 
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capture reaction was performed by the addition of 40 μl extracted circulating 

DNA to the MBD-magnetic beads on a rotating mixer for 24 h at 4 °C. The 

beads were then washed three times with 1X Bind/Wash buffer and the bound 

methylated DNA was eluted in a step-wise elution series using increasing NaCl 

concentrations in the elution buffer (600 mM, 1000 mM, and 2000 mM NaCl). 

Finally, eluted methylated DNA was concentrated using a DNA concentrator 

(Zymo Research Corp., Irvine, CA, USA) and then eluted in a final volume of 

30 μl. Validation was done using the control DNA (methylated DNA and 

unmethylated DNA).  

Step 1) Initial bead wash: a) Add 100 μl of 1X Bind/Wash buffer to 10 μl of 

beads and mix by gentle pipetting. b) Place the tube on a magnetic rack for 1 

min. c) With the tube in place on the magnetic rack, remove the liquid with a 

pipette. d) repeat steps a-c 3 times. e) Add 100 μl of 1X Bind/Wash buffer to the 

beads and resuspend by pipetting. Step 2) Coupling the MBD-Biotin protein to 

the beads: a) Add 7 μl of MBD-Biotin Protein and 100 μl of 1X Bind/Wash 

buffer in 100 μl of washed bead (step1). b) Mix the bead-protein mixture on a 

rotating mixer at room temperature for 1 hr. c) Make control DNA (20 μl K-562, 

1 μl methyl-control, and 1 μl unmethyl-control). Step 3) Wash the MBD-beads: 

a) Place the tube containing the MBD-beads on a magnetic rack for 1 min. b) 

With the tube in place on the magnetic rack, remove the liquid with a pipette. c) 

Add 100 μl of 1X Bind/Wash buffer to the beads and resuspend the beads by 

pipetting. d) Mix the beads on a rotating mixer at room temperature for 5 min. 
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e) repeat steps a-d 3 times. f) Add 100 μl of 1X Bind/Wash buffer to the beads 

and resuspend by pipetting. Step 4) Capture the fragmented methylated DNA on 

the MBD-beads: a) Add 20 μl of 5X Wash/Bind buffer and 50 μl of DNase-free 

water in 30 μl of cffDNA or cfDNA (sample DNA). Add 20 μl of 5X 

Wash/Bind buffer and 58 μl of DNase-free water in 22 μl of K-562 (control 

DNA). b) Mix the MBD-beads (100 μl) with the DNA (100 μl) on a rotating 

mixer, overnight at 4 oC. Step 5) Removing the non-captured DNA 

(unmethylated DNA): a) Place the tubes containing 200 μl of mixture 

(MBD-beads and DNA) on a magnetic rack for 1 min. b) With the tube in place 

on the magnetic rack, remove the liquid with a pipette. c) Add 200 μl of 1X 

Bind/Wash buffer to the beads. d) Mix the beads on a rotating mixer at room 

temperature for 3 min. e) a-d steps 2 times repeat. Step 6) Eluting the Captured 

DNA: a) Resuspend the beads in 400 μl of the lowest Elution buffer (450 mM 

NaCl). b) Incubate the beads on a rotating mixer for 3 min. c) Place the tube on 

the magnetic rack for 1 min. d) With the tube in place on the magnetic rack, 

collect the liquid with a pipette. e) Store collected sample on ice. f) Repeat steps 

a-e for a different elution buffer concentration (600 mM NaCl, 1,000 mM NaCl, 

and 2,000 mM NaCl, respectively). Step 7) DNA concentration by ethanol 

precipitation: a) Add 3,200 μl of desulfonation buffer in 1,600 μl of capture 

DNA. b) Add 800 μl of this mixture into the concentration column and 

centrifuge at 13,000 rpm for 1 min. (repeat 6 times, resulting in a total volume 

of 4800 μl) c) Add 200 μl of wash buffer and centrifuge at 13,000 rpm for 1 min. 
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Repeat twice. d) Add 300 μl of AE Elution buffer and centrifuge at 13,000 rpm 

for 1 min. 

 

C. Quantitative real-time PCR  

Quantitative real-time PCR was performed using the ABI 7500 Real Time 

System (Applied Biosystems, Branchburg, NJ, USA). The duplex reactions 

were set up in a volume of 20 µl, comprising 5 µl of 4X NEXproTM Dia PCR 

Master Mix (Geneslabs, Seongnam, Korea) and 6 µl of the methylated plasma 

DNA captured by MBD. Initial cycling conditions were 37 °C for 30 min and 

95 °C for 15 min, followed by 50 cycles of 95°C for 15 sec, 62°C for 30 sec, 

and 72°C for 1 min. A standard curve using serial dilutions of single-stranded 

synthetic DNA oligonucleotides specific to the HYP2 amplicons (Bioneer, 

Daejeon, Korea) was generated. A standard curve of GAPDH was generated by 

amplification of commercial male genomic DNA (Promega, Madison, WI, 

USA) at 10-fold serial dilutions. Each standard was amplified in triplicate and 

was included on every PCR plate. The concentrations of factors were expressed 

as copies/ml, and a standard factor of 6.6 pg was used to convert the data to 

copy numbers. All samples were amplified in triplicate and the final data 

reflected the average of the results. The PCR was sensitive enough because 

more than 3 copies of the target are required for real-time PCR, according to the 

minimum information for publication of quantitative real-time PCR 

experiments (MIQE) guidelines. 



  16 

 

5. HYP2 concentrations in normal pregnancies  

To confirm the feasibility of HYP2 as a potential marker, we investigated the 

correlation between HYP2 and glyceraldehyde-3-phosphate dehydrogenase 

levels in 54 normal patients.  

 

6. Comparison of HYP2 concentrations between normal controls and 

patient groups 

We converted measured values of HYP2 concentrations to multiples of median 

for correction of maternal characteristics such as gestational age and maternal 

body mass index at sampling. We compared HYP2 concentrations and multiples 

of median values in maternal plasma between controls and the patient groups 

(preeclampsia and gestational hypertension) at each trimester. For further 

analysis, we divided patients into groups according to onset time of 

preeclampsia and birth weight percentile. Early-onset preeclampsia was defined 

as preeclampsia diagnosed before 34 weeks of gestation, and late-onset 

preeclampsia as diagnosed at or after 34 weeks. Intrauterine growth restriction 

was defined as hypertensive disorders of pregnancy with small for gestational 

age neonates. We compared HYP2 concentrations and multiples of median of 

the specific patient groups (i.e. early-onset or late-onset preeclampsia, and 

preeclampsia with or without intrauterine growth restriction) with normal 

controls.  
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7. Evaluation of the predictive values of HYP2 for hypertensive 

disorders of pregnancy 

We calculated detection rates of HYP2 for specific patient groups of 

hypertensive disorders of pregnancy at fixed 5% and 10% false positive rates 

during first trimester using area under the curve. 

 

8. Statistical analyses 

Values are presented as frequencies (percentages) or median (interquartile 

range), as appropriate. Comparisons among the three groups were made by 

Chi-square test or Fisher’s exact test for categorical variables, and by 

Kruskal-Wallis test for continuous variables. If the Kruskal-Wallis test was 

significant, pair-wise comparison of the three groups was performed using 

Wilcoxon rank sum test with step-up Bonferroni method. The multiples of the 

median of HYP2 levels were calculated by dividing the expected HYP2 levels 

with the actual measured HYP2 levels. The expected HYP2 level was calculated 

via Quantile regression. Quantile regression aims at estimating the conditional 

median of the dependent variable. The performance for screening was 

determined by area under the receiver operating characteristic curve, with 

detection rate at a fixed false-positive rate. P<0.05 was considered to indicate 

significance. All statistical analyses were performed using the SAS version 9.4 

(SAS, Cary, NC, USA).  
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III. RESULTS 

1. Clinical characteristics of study population 

The clinical characteristics of the study groups are presented in Table 1. There 

were no significant differences in maternal age, nulliparity, gestational age at 

sampling among the groups (P > 0.05 for all). Body mass index and blood 

pressure were higher (P < 0.05 for all), whereas gestational age at delivery and 

birth weight were significantly lower in all patient groups compared with the 

control group (P < 0.05 for all). Maternal age of patients groups was 

significantly different in the second trimester compare to controls (p=0.018 and 

0.023, respectively), but not different in the first and third trimester (P < 0.05 

for all).  



  19 

 

Table 1. Clinical characteristics of the study population 

Characteristics Controls Preeclampsia GH P
†
 P

a‡
 P

b‡
 

First trimester  (n=52) (n=14) (n=10)    

Maternal age (years) 
32.5  

(31.3 - 35.7) 

35.0  

(33.0 - 36.0) 

34.5  

(33.0 - 38.0) 
0.10 0.14 0.14 

Nulliparity 17 (40.5%) 2 (14.3%) 3 (30.0%) 0.19 0.21 0.72 

GA at sampling (weeks) 
12.1 

(8.5 - 12.6) 

12.4  

(11.9 - 12.6) 

12.4  

(12.3 - 12.4) 
0.35 0.40 0.38 

BMI at sampling (kg/m2) 
20.3  

(19.4 - 21.8) 

23.2  

(22.7 - 24.6) 

28.3  

(22.8 - 29.1) 
<.001* 0.002* 0.002* 

GA at delivery (weeks) 
39.9  

(39.1 - 40.4) 

38.4  

(36.6 - 38.9) 

39.2  

(38.3 - 39.6) 
<.001* <.001* 0.034* 

Birthweight (g) 
3,195 

 (3,005 - 3,495) 

2,838  

(2,396 - 2,923) 

3,013  

(2,800 - 3,290) 
0.002* 0.003* 0.10 

Second trimester (n=78) (n=29) (n=12)    

Maternal age (years) 
33.1  

(31.3 - 35.8) 

36.0  

(34.0 - 37.5) 

37.5  

(33.0 - 39.0) 
0.005* 0.018* 0.023* 

 Nulliparity 9 (29.0%) 8 (27.6%) 4 (33.3%) 0.93 1.00 1.00 

 GA at sampling (weeks) 
24.3  

(16.9 - 25.0) 

18.0  

(16.7 - 24.3) 

18.0  

(16.4 - 24.6) 
0.12 0.13 0.13 

BMI at sampling (kg/m2) 
22.7  

(20.9 - 23.7) 

24.6  

(22.6 - 26.4) 

23.3  

(22.2 - 32.6) 
0.004* 0.013* 0.027* 

GA at delivery (weeks) 
39.4  

(38.9 - 40.3) 

38.4  

(36.9 - 39.4) 

38.6  

(37.6 - 40.6) 
0.003* 0.003* 0.12 

Birthweight (g) 
3,110  

(2,970 - 3,495) 

2,883  

(2,375 - 3,335) 

3,010  

(2,710 - 3,290) 
0.009* 0.016* 0.016* 

Third trimester (n=58) (n=20) (n=7)    

 Maternal age (years) 
34.0  

(31.5 - 36.7) 

34.1  

(32.1 - 36.0) 

36.0  

(33.0 - 38.0) 
0.34 0.75 0.33 

 Nulliparity 10 (52.6%) 9 (45.0%) 2 (28.6%) 0.61 0.63 0.63 

 GA at sampling (weeks) 
36.7  

(36.1 - 37.1) 

36.5  

(35.2 - 37.9) 

36.9  

(36.9 - 38.0) 
0.25 0.72 0.21 

BMI at sampling (kg/m2) 
25.3  

(24.1 - 27.0) 

28.1  

(25.6 - 29.3) 

28.3  

(26.0 - 33.2) 
0.001* 0.008* 0.011* 

GA at delivery (weeks) 
39.7  

(39.1 - 40.7) 

38.0  

(35.4 - 39.0) 

39.6  

(38.3 - 40.6) 
<.001* 0.001* 0.39 

Birthweight (g) 
3,330  

(2,915 - 3,655) 

2,830  

(2,260 - 3,130) 

3,015  

(2,800 - 3,360) 
0.009* 0.011* 0.33 

BMI, body mass index; GA, gestational age; GH, gestational hypertension;  

Data are given as median (interquartile range); 

Pa, PE vs. controls; Pb, GH vs. controls; 
†
P-value by Kruskal-Wallis test; 

‡
P-value by Wilcoxon rank sum test (adjusted by using the step-up Bonferroni method); 
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2. Confirmation of HYP2 gene as cell free total DNA marker 

All CpG sites in HYP2 were completely methylated in both the maternal blood 

cells and placental tissues of preeclampsia patients as well as normal controls 

(Figure1).  

 

 

Figure 1. DNA methylation levels of each CpG site in HYP2 by bisulfite 

direct sequencing Data are presented as mean ± standard error. Solid black 

bars, maternal blood cells from normal pregnancy; open bars, maternal blood 

cells from preeclampsia patients; gray bars, placental tissues from normal 

pregnancy; stripes bar, placental tissues from preeclampsia patients. 

 

 

3. Quantification of HYP2 in maternal plasma of normal pregnancies  

Target sequences were detectable in all pregnant women’s plasma samples 



  21 

 

without failure in control group. The concentrations of HYP2 showed strong 

positive correlations were also observed between HYP2 and 

glyceraldehyde-3-phosphate dehydrogenase levels (r = 0.487; P < 0.001) 

(figure 2).  

 

 
 

Figure 2. Relationship between HYP2 concentration and 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) levels in the control 

group. The solid black lines represent lines of best fit. (estimated with Loess 

regression) 
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4. HYP2 levels and multiples of median values  

 

To increase statistical power, we used all control and patients samples to 

calculate multiples of median values for HYP2 levels. We found a positive 

univariate association between gestational age at sampling and HYP2 level 

(β=0.003, p<0.0001; Figure 3a). In addition, a positive association between 

maternal body mass index and HYP2 level was found (β=0.045, p<0.0001; 

Figure 3b). However, maternal age was not associated with HYP2 levels 

(β=0.0019, p=0.81; Figure 3c). 
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Figure 3. Scatterplots of patient characteristics against HYP2 level  

(a) Gestational age at blood sampling  (b) maternal body mass index  

(c) Maternal age 
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5. Comparison of HYP2 levels in maternal plasma between normal 

controls and hypertensive disorders of pregnancy 

Comparisons of HYP2 levels in maternal plasma between control and specific 

patient groups according to pregnant periods are shown in table 2. In patients 

with preeclampsia, HYP2 levels were significantly increased during the third 

trimester compared to normal controls. However, median HYP2 concentrations 

as well as multiples of median values were not significantly increased during 

the first and second trimester in pregnant women who subsequently develop 

preeclampsia (Table 2). When the patients were divided by onset time of 

preeclampsia for further analysis, HYP2 levels were significantly increased in 

patients who subsequently develop early onset preeclampsia from the second 

trimester. However, during the first trimester, HYP2 levels were not significant 

in patients who subsequently develop early onset preeclampsia compared to 

normal controls (Table 3). In contrast, when we divided the patients group with 

regard to birth weight percentile, both HYP2 concentrations and multiple of 

median values in patients, who subsequently developed preeclampsia and 

delivered a small for gestational age neonates were significantly increased from 

the first trimester (Table 4). However, these differences were not significant in 

patients who subsequently develop gestational hypertension (Table 5). 
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Table 2. Comparison of HYP2 concentration levels and multiple of 

median values in specific patients groups and controls in each trimester 

 
Controls PE GH P

†
 P

a‡
 P

b‡
 

1st trimester  (n=52) (n=14) (n=10) 
   

Copies/mL 
5,184  

(2,026-7,691) 

7,170  

(4,824-12,384) 

7,141  

(4,921-19,343) 
0.045* 0.078 0.099 

MoM 
0.992  

(0.893 -1.036) 

1.013 

(0.977-1.098) 

1.018 

(0.970-1.140) 
0.14 0.18 0.20 

2nd trimester  (n=78) (n=29) (n=12) 
   

Copies/mL 
9,441  

(5,878-2,251) 

10,964 

(6,770-17,509) 

8,689 

(6,584-11,968) 
0.28 0.31 0.71 

MoM 
0.998  

(0.952-1.026) 

1.015 

(0.962-1.062) 
0.991 

(0.946-1.015) 
0.12 0.09 1.00 

3rd trimester  (n=58) (n=20) (n=7) 
   

Copies/mL 
14,969 

(11,411-21,873) 

59,488 

(36,880-87,854) 

28,265 

(15,330-34,157) 
<.0001* <.0001* 0.11 

MoM 
0.979  

(0.948-1.029) 

1.090 

(1.035-1.149) 

0.986 

(0.942-1.069) 
<.0001* <.0001* 0.22 

GH, gestational hypertension; PE, preeclampsia; MoM, multiple of median; 

Data are given as median (interquartile range); 

Pa, PE vs. controls; Pb, GH vs. controls;  
†
P-value by Kruskal-Wallis test; 

‡
P-value by Wilcoxon rank sum test (adjusted by using the step-up Bonferroni method); 
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Table 3. Comparison of HYP2 concentrations and multiple of median 

values between controls and preeclampsia patients with regard to onset 

time of preeclampsia 

 
Controls 

Preeclampsia 

P
†
 P

a‡
 P

b‡
 

EO-PE LO-PE 

1st trimester  (n=52) (n=4) (n=10) 
 

  

Copies/ml 
5,184 

(2,026-7,691) 

10,214 

(6,306-12,384) 

5,881 

(4,824-18,432) 
0.078 0.12 0.16 

MoM 
0.977  

(0.880-1.018) 

1.034 

(0.973-1.075) 

0.989 

(0.960-1.126) 
0.195 0.28 0.28 

2nd trimester  (n=78) (n=6) (n=23) 
 

  

Copies/ml 
9,441 

(5,878-12,251) 

22,394 

(14,992-38,659) 

10,023 

(6,356-16,374) 
0.042* 0.028* 0.63 

MoM 
0.999  

(0.961-1.034) 

1.111 

(1.077-1.132) 

1.024 

(0.947-1.057) 
0.021* 0.020* 0.28 

3rd trimester  (n=58) (n=6) (n=14) 
 

  

Copies/ml 
14,969  

(11,411-21,873) 

72,312 

(39,291-131,475) 

51,918 

(30,462-86,669) 
<.0001* 0.0006* <.0001* 

MoM 
0.985  

(0.952-1.025) 

1.136 

(1.075-1.234) 

1.099 

(1.061-1.160) 
<.0001* 0.0007* <.0001* 

EO-PE, early-onset preeclampsia, LO-PE, late-onset preeclampsia; MoM, multiple of 

median; 

Data are given as median (interquartile range);  

Pa, EO-PE vs. controls; Pb, LO-PE vs. controls; 
†
P-value by Kruskal-Wallis test; 

‡
P-value by Wilcoxon rank sum test (adjusted by using the step-up Bonferroni method); 
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Table 4. Comparison of HYP2 concentrations and multiple of median 

values between controls and preeclampsia patients with and without 

intrauterine growth restriction 

 
Controls 

PE 

P
†
 P

a‡
 P

b‡
 

IUGR (+) IUGR (-) 

1st trimester  (n=52) (n=6) (n=8) 
 

  

Copies/ml 
5,184 

(2,026-7,691) 

12,384 

(7,791-18,432) 

5,162  

(4,019-7,296) 
0.021* 0.015* 0.58 

MoM 
0.977  

(0.880-1.018) 

1.075 

(1.014-1.136) 

0.976  

(0.941-0.995) 
0.031* 0.023* 0.89 

2nd trimester  (n=78) (n=11) (n=18) 
 

  

Copies/ml 
9,441 

(5,878-12,251) 

18,503 

 (10,964-38,959) 

9,643  

(4,629-12,349) 
0.007* 0.005* 0.69 

MoM 
0.999  

(0.961-1.034) 

1.097 

(1.031-1.132) 

1.007 

(0.919-1.045) 
0.002* 0.002* 0.94 

3rd trimester  (n=58) (n=8) (n=12) 
 

  

Copies/ml 
14,969  

(11,411-21,873) 

68,092 

(51,688-103,911) 

47,160 

(28,833-87,854) 
<.0001* 0.0001* 0.0001 

MoM 
0.985  

(0.952-1.025) 

1.136  

(1.097-1.191) 

1.089 

(1.042-1.165) 
<.0001* 0.0002* 0.0002 

PE, preeclampsia; IUGR, intrauterine growth restriction; MoM, multiple of median; 

Data are given as median (interquartile range);  

Pa, PE with IUGR vs. controls; Pb, PE without IUGR vs. controls;  
†
P-value by Kruskal-Wallis test; 

‡
P-value by Wilcoxon rank sum test (adjusted by using the step-up Bonferroni method); 
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Table 5. Comparison of HYP2 concentrations and multiple of median 

values between controls and gestational hypertension patients with and 

without intrauterine growth restriction 

 
Controls 

GH 

P
†
 P

a‡
 P

b‡
 

IUGR (+) IUGR (-) 

1st trimester  (n=52) (n=3) (n=7) 
 

  

Copies/ml 
5,184 

(2,026-7,691) 

19,342  

(978-20,933) 

5,687 

(4,921-9,963) 
0.24 0.35 0.35 

MoM 
0.977  

(0.877-1.018) 

1.120 
(0.786-1.149) 

0.982  
(0.953-1.032) 

0.40 0.67 0.67 

2nd trimester  (n=78) (n=4) (n=8) 
 

  

Copies/ml 
9,441 

(5,836-12,460) 

11,800 

(8,661-27,875) 

8,137 

(4,665-9,973) 
0.20 0.40 0.40 

MoM 
0.999  

(0.961-1.034) 

1.043 

(0.997-1.093) 

0.993 

(0.911-1.012) 
0.18 0.28 0.31 

3rd trimester  (n=58) (n=1) (n=6) 
 

  

Copies/ml 
14,968  

(11,217-22,184) 

31,699 

(31,699-31,699) 

23,592 

(15,330-34,157) 
0.21 0.41 0.41 

MoM 
0.984  

(0.950-1.026) 

1.055 

(1.055-1.055) 

1.014 

(0.984-1.047) 
0.34 0.51 0.51 

GH, gestational hypertension; IUGR, intrauterine growth restriction; MoM, multiple of 

median; 

Data are given as median (interquartile range);  

Pa, GH with IUGR vs. controls; Pb, GH without IUGR vs. controls;  
†
P-value by Kruskal-Wallis test; 

‡
P-value by Wilcoxon rank sum test (adjusted by using the step-up Bonferroni method); 
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6. Evaluation of the predictive values of HYP2 for hypertensive 

disorders of pregnancy during the first trimester 

The areas under the curve and detection rate at fixed 5 and 10% false positive 

rates for specific patient groups of hypertensive disorders of pregnancy at first 

trimester are presented in table 6. Detection rates of HYP2 for predicting 

preeclampsia at first trimester were 28.6 and 35.7%, and preeclampsia with 

small for gestational age neonates were 50.0 and 66.7% at a fixed 5 and 10% 

false-positive rate, respectively. 

 
 
 
 
 

Table 6. Predictive values of HYP2 for specific groups of showing 

hypertensive disorders of pregnancy during the first trimester 

AUC, area under curve; CI, confidence interval; FPR, false positive rate; EO-PE, early 

onset preeclampsia; HDP, hypertensive disorders of pregnancy; IUGR, intrauterine 

growth restriction; PE, preeclampsia;  

 AUC (95% CI) p-value 

Detection rate 

5% FPR 10% FPR 

HDP 0.642 (0.524-0.749) 0.0419* 29.2 33.3 

PE 0.650 (0.487-0.813) 0.0704 28.6 35.7 

EO-PE  0.728 (0.464-0.993) 0.091 25.0 50.0 

PE with IUGR  0.830 (0.636-1.000) 0.0008* 50.0 66.7 
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IV.  DISCUSSION 

Many studies have already shown that concentrations of cell free fetal DNA 

increases in patients who subsequently developed preeclampsia before the 

clinical onset of symptoms.8-12 Therefore, cell free fetal DNA is regarded as a 

promising marker for predicting hypertensive disorders of pregnancy. However, 

there are not many studies regarding the association between total cell-free 

DNA and hypertensive disorders of pregnancy. A few previous studies have 

shown that the concentration of total cell-free DNA significantly increases 

before the onset of symptoms.10,13 Moreover, recent studies showed that 

cell-free total DNA levels were associated with maternal characteristics, such as 

ethnicity or maternal body mass index, but showed no association in patients 

who eventually developed preeclampsia.15,17 Accordingly, when we compared 

HYP2 levels between patient groups and normal controls, we analyzed not only 

the measured HYP2 concentrations, but also multiple of median values based on 

maternal characteristics, including gestational weeks at sampling and maternal 

body mass index. Moreover, maternal age in the patient groups was different 

compared to that in normal controls, but was not considered as a variable for 

multiple of median, since it was not associated with HYP2 concentrations 

(figure 3).  

In this study, we suggested the use of an epigenetic marker as a measuring tool 

for cell-free total DNA. In earlier reports, the relation between cell-free fetal 

DNA and hypertensive disorders of pregnancy was studied using 
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Y-chromosome specific sequences such as SRY and DYS14. These markers can 

clearly discriminate fetal DNA from maternal blood; however, they have a 

limitation that they can be applied only to the pregnancies bearing male fetuses. 

In contrast, a fetal-specific epigenetic marker that utilizes epigenetic differences 

between maternal and fetal DNA can measure the concentrations of cell-free 

fetal DNA, independent of fetal gender and genetic variations. Ras association 

domain family 1 isoform A (RASSF1A), located on chromosome 3, is the most 

commonly used fetal-specific epigenetic marker in research for studying the 

relationship between cell-free fetal DNA and hypertensive disorders of 

pregnancy. Recently, Kim et al. suggested DSCR3 gene as a potential epigenetic 

marker for predicting hypertensive disorders of pregnancy.18 In their report, 

they showed that the performance of DSCR3 gene for predicting hypertensive 

disorders was not inferior to that of RASSF1A. In addition, it has an advantage 

that it can be utilized for detecting Down syndrome, because DSCR3 gene is 

located on chromosome 21. Similarly, since HYP2 gene is located on 

chromosome 13, it might be used for detecting common aneuploidy in addition 

to predicting hypertensive disorders of pregnancy.  

In the study conducted by Papageorgiou et al., HYP2 gene was used as control 

for screening common aneuploidy.19 In this study, we selected HYP2 gene as a 

candidate marker for predicting hypertensive disorders of pregnancy, and 

evaluated DNA methylation levels at each CpG site in the maternal blood cells 

and placental tissues of preeclampsia patients as well as normal controls. 
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Furthermore, we identified strong positive correlations with gestational weeks 

at sampling and glyceraldehyde-3-phosphate dehydrogenase levels for using 

HYP2 as a total cell-free DNA marker. 

Similar to previous studies, HYP2 levels were significantly higher in the third 

trimester in patients with preeclampsia, but no significant difference was 

observed during the first and second trimester in patients who subsequently 

developed preeclampsia. In addition, HYP2 levels in patients who subsequently 

developed early-onset preeclampsia was significantly different in the second 

trimester, but not in the first trimester. However, when the patients who 

subsequently developed preeclampsia were divided based on the presence or 

absence of intrauterine growth restriction (birth weight less than 10th percentile), 

both median HYP2 concentrations and multiple of median values were 

significantly increased in the first trimester compared to normal controls.  

Clinical manifestations of preeclampsia are heterogeneous. It is considered that 

early-onset preeclampsia or preeclampsia accompanied with intrauterine growth 

restriction appears to be more strongly associated with abnormal placentation.20 

Generally, early-onset preeclampsia has a tendency to be associated with severe 

intrauterine growth restriction. But, they don’t coincide with each other. In our 

study, cell free total DNA levels during the first trimester were significantly 

increased in patients who will subsequently develop preeclampsia with fetal 

growth restriction, rather than in early-onset preeclampsia patients. This implies 

that certain phenomenon, that elevated cell-free total DNA levels, occurs in 



  33 

 

pregnant women who will develop preeclampsia with intrauterine growth 

restriction during the first trimester.  

Several authors have shown that the levels of syncytiotrophoblast microparticles 

were significantly higher in preeclampsia.21-23 Syncytiotrophoblast 

microparticles are made up of products of trophoblast apoptosis, and these 

microparticles provoke endothelial cells to release proinflammatory factors and 

induce maternal leukocytes and endothelial cells to produce proinflammatory 

cytokines.24-26 It was unclear whether these processes can be detected prior to 

the onset of preeclampsia symptoms. However, our findings suggested that it is 

possible to begin detection from the first trimester in preeeclampsia patients 

with intrauterine growth restriction. Besides, increased cell-free total DNA in 

the maternal circulation during the first trimester may be related to maternal 

endothelial dysfunction, and impaired uteroplacental circulation caused by these 

phenomena may be associated with intrauterine growth restriction.  

Milosevic-Stevanovic et al. compared histopathologic features of basal decidua 

and placenta of the patients with preeclampsia, and they found pathogenetically 

different entities with regard to presence or absence of fetal growth restriction.27 

Our findings may be owing to different disease entities of preeclampsia with 

and without intrauterine growth restriction. On the other hand, the finding of 

increased cell-free DNA in maternal circulation during the first trimester could 

be a characteristic of the patients with intrauterine growth restriction rather than 

preeclampsia. Therefore, additional evaluation of cell free total DNA levels in 
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patients with isolated intrauterine growth restriction might be helpful to find out 

the exact reason for elevation of cell- free total DNA during the first trimester. 

Detection rates of HYP2 for preeclampsia during the first trimester were 28.6% 

and 35.7% at fixed 5% and 10% false positive rates, respectively. However, 

when confined to the preeclampsia patients who delivered SGA neonates, the 

corresponding detection rates increased up to 50.0% and 66.7%. Furthermore, if 

other recognized markers, such as maternal characteristics, uterine artery 

Doppler, pregnancy-associated plasma protein A, or placental growth factor, 

were combined, detection rates could be improved. 

In conclusion, we identified feasibility of HYP2 as a total cell free DNA marker 

for predicting hypertensive disorders of pregnancy. HYP2 gene, located on 

chromosome 13, has another advantage that it could be utilized for the detection 

of common aneuploidy as well. In addition, there was a significant difference in 

HYP2 levels in the first trimester itself, in patients who subsequently developed 

preeclampsia with intrauterine fetal growth restriction. Therefore, the amount of 

cell-free total DNA measured in the first trimester can be utilized as a single or 

additive marker for predicting preeclampsia with intrauterine growth restriction. 

However, since this study is limited by its relatively small sample size, further 

studies are required to confirm our findings in larger cohorts. 
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V. CONCLUSION 

The major findings of this study are as follows.  

1) We suggested HYP 2 as total cell-free total DNA marker in maternal 

plasma, and verified feasibility as a potential marker for prediction of 

hypertensive disorders of pregnancy.  

2) HYP2 concentrations in maternal plasma were significantly different in 

the patients who develop preeclampsia during the third trimester 

compare to normal controls, but these differences were not significant 

in the first and second trimester. 

3) In pregnant women who subsequently develop early-onset 

preeclampsia, HYP2 levels were significantly different with normal 

controls from the second trimester.  

4) In pregnant women who subsequently develop preeclampsia and 

delivered the fetus with small for gestational age, HYP2 levels were 

significant different from the first trimester. 

5) Cell-free total DNA can be used as a marker for early prediction of 

preeclampsia accompanied with intrauterine growth restriction. 
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ABSTRACT (IN KOREAN) 

 

후성 유전학적 마커를 이용하여 측정한 모체 혈액 내 세포 유리 

DNA의 농도와 임신성 고혈압 질환의 연관성 분석 

 

<지도교수 김 영 한> 

 

연세대학교 대학원 의학과 

 

곽 동 욱 

 

연구목적: 후성 유전학적 마커를 이용하여 측정한 모체 혈액 내 

세포 유리 DNA의 농도와 임신성 고혈압 질환의 연관성에 대해 

알아보고자 한다. 

 

연구방법: 세포 유리 DNA의 마커로 HYP2 유전자를 선정하였고, 

임신성 고혈압 질환의 마커로서의 적합성 검증을 위해 정상 

산모 3명과 임신성 고혈압 산모의 3명의 혈액과 태반 조직에서 

비술피트 직접 서열 결정 (bisulfite direct sequencing)을 

시행하였다. 임신 6주부터 41주 사이의 188명의 정상 임신부의 

혈장과 92명의 임신성 고혈압 질환 산모 [전자간증 

(preeclampsia) 63명, 임신성 고혈압 (gestational 

hypertension) 29명]의 혈장에서 실시간 중합효소 연쇄반응 

(Real time qPCR)을 통해 HYP2의 정량 분석을 수행하였다. 또한 

마커로서의 타당성을 확인하기 위해 추가로 정상 산모 54명의 

혈액에서 glyceraldehyde-3-phosphate dehydrogenase 유전자의 

정량 분석하였다. 정상 산모와 임신성 고혈압 산모에서 HYP2 
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농도의 차이를 분기별로 나누어 분석하였고, 이를 발병 시기 및 

출생 체중에 따라 재분석하였다.  

 

결과: HYP2 유전자는 정상 대조군과 임신성 고혈압 질환 산모의 

혈장과 태반 모두에서 완전히 메틸화 되어있었다. 또한 정상 

대조군의 HYP2 농도는 임신 주수와 유의한 양의 상관관계를 

보였고 (p<0.001), glyceraldehyde-3- phosphate dehydrogenase 

농도와 정비례 하였다 (p<0.001). 정상 대조군에 비해 전자간증 

산모의 임신 제 3삼분기 혈액내의 HYP2 유전자의 농도는 

유의하게 증가되어 있었으나, 임신 제 1삼분기 및 2삼분기의 

HYP2 농도 차이는 통계적인 유의성을 보이지 않았다. 하지만, 

임신성 고혈압 질환 산모를 태아 출생 체중에 따라 저체중아와 

그렇지 않은 군으로 나누어 분석하였을 때, 저체중아를 동반한 

전자간증 산모의 혈액 내 HYP2의 농도는 정상 대조군에 비해 

임신 제 3삼분기 뿐만 아니라 1삼분기, 2삼분기 모두에서 

통계적으로 의미 있게 증가하였다. 반면, 임신성 고혈압 

(Gestational hypertension) 산모의 경우에는, 이러한 차이를 

보이지 않았다.  

 

결론: 본 연구를 통해 산모의 제1삼분기 혈액 내의 세포 유리 

DNA는 자궁내 성장 지연을 동반한 전자간증을 조기에 

예측하는데 사용될 수 있음을 제시하였다. 

----------------------------------------------------------- 

핵심되는 말: 세포 유리 전체 DNA, 임신성 고혈압 질환, 자간전

증, 후성유전학적 마커 
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