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Abstract 

Background: Variations in DNA methylation levels in the placenta are thought 
to influence gene expression and are associated with complications of pregnancy 
like fetal growth restriction (FGR). The most important cause for FGR is placental 
dysfunction. We here questioned whether changes in DNA methylation, followed by 
gene expression changes, are mechanistically involved in the etiology of FGR.

Methods: In this retrospective case control study we examined the association 
between small for gestational age children (SGA) and both DNA methylation and 
gene expression levels of the genes WNT2, IGF2-H19, SERPINA3, HERVWE1 and 
PPARG in first trimester placental tissue. We also examined the repetitive element 
LINE-1. These candidate genes have been reported in the literature to be associated 
with SGA. We used first trimester placental tissue from chorionic villus biopsies. 35 
SGA children (<p10) were matched to 70 controls based on their gestational age and 
gender. DNA methylation levels were analyzed by pyrosequencing and mRNA levels 
were analyzed by Real-Time PCR.

Results: None of the average DNA methylation levels, measured for each gene, 
showed a significant difference between SGA placental tissue compared to control 
tissue. However, hypermethylation of WNT2 was detected on two CpG positions in 
SGA. This was not associated with changes in gene expression.

Conclusion: Apart from two CpG positions of the WNT2 gene, no evident changes 
in DNA methylation or expression were found. This indicates that the already 
reported changes in term placenta are not present in the early placenta and therefore 
must arise after the first trimester. 
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Introduction

Environmental factors are thought to influence the epigenome of the placenta 
and the fetus [177]. DNA methylation is one of these epigenetic changes [178]. 
Compared with somatic tissues, the human placenta has a low global DNA 

methylation, which might allow a high expression of many genes. It is hypothesized 
that changes in DNA methylation in the placenta can lead to placenta dysfunction 
resulting in pregnancy complications like fetal growth restriction (FGR) [179]. Small 
for gestational age (SGA) is often taken as a proxy for FGR and is defined as a birth 
weight below the 10th percentile of a birth weight curve [180]. Causes of FGR are 
divided into fetal, maternal and placental causes. However, placental dysfunction 
accounts for the majority of FGR cases [181]. FGR is an important cause of perinatal 
morbidity and mortality. Apart from these direct adverse outcomes, low birth weight 
of the fetus is also associated with health problems later in life like hypertension, 
coronary heart disease and diabetes [182].

Altered DNA methylation patterns of selected genes have already been 
demonstrated in small for gestational age (SGA) placentas at term [177]. However, it 
is not known whether these altered DNA methylation profiles are primarily causative 
for, or the result of SGA. The aim of this study was to investigate the association of SGA 
and the DNA methylation and expression patterns of selected genes in early placenta 
tissue. Therefore we used first trimester placenta material obtained with chorionic 
villus biopsies (CVB) of pregnancies which resulted in the birth of a SGA neonate. 
We examined the repetitive element LINE-1 and the genes WNT2, IGF2-H19, 
SERPINA3, HERVWE1 and PPARG in our population. From these genes it is known 
that the DNA methylation levels are changed in post-partum placental tissue in FGR 
pregnancies [183-188]. 

We chose the repetitive element LINE-1 to assess whether genome wide DNA 
methylation changes are present in SGA infants. In humans, about 50% of the DNA 
consists of repetitive elements like LINE-1, which is DNA not coding for proteins. In 
placentas of neonates with a lower birth weight a lower DNA methylation of LINE-1 
has been found [183].

WNT genes are involved in a wide range of developmental processes [189-
191]. Several mouse studies demonstrated the important role of Wnt2 in placental 
vascularization. Mice deficient in Wnt2 show a reduction in birth weight and fetal 
survival is only 50% because of improper placental function [192]. Ferreira et al. 
examined WNT2 methylation in the post-delivery placenta and found high WNT2 
promotor DNA methylation with a reduced WNT2 expression in association with low 
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birth weight [184]. 
The imprinted IGF2-H19 gene complex is associated with fetal and placental 

growth, affecting birth weight [193,194]. It is also known that altered methylation 
patterns on chromosome 11p15 (location of IGF2-H19) are related to growth 
disorders, like Beckwith-Wiedeman and Silver-Russel syndrome [195]. Koukoura et 
al. showed a lower methylation level and a higher expression of H19 associated with 
FGR [185]. Several other studies show a significantly lower IGF2 gene expression in 
term FGR samples [196,197]. However, Tabano et al. did not find any differences in 
DNA methylation status of the IGF2-H19 gene between FGR and controls [198].

SERPINA3 belongs to the family of serine protease inhibitors, which are 
glycoproteins. A lower DNA methylation level in placentas of both pre-eclampsia 
and SGA, compared to normal placentas has been found [186]. An overexpression of 
SERPINA3 in pre-eclampsia and SGA was found [186,199].

HERVWE1 belongs to the endogenous retroviruses. HERVWE1 is highly expressed 
in the placenta, which reflects its important role. The protein product of HERVWE1 is 
syncytin-1 and this protein is involved in fusion of the cytotrophoblast cells to form 
the syncytial layer of the placenta [200-202]. It is shown that the structure of the 
syncytium in the placenta is significant different in FGR pregnancies [203]. Ruebner 
et al. found hypermethylation of the HERVWE1 promoter region in association with 
reduced syncytin-1 expression levels in abnormal term placentas, including FGR 
[187].

At last we selected PPARG. PPARG is a transcription factor that is highly 
expressed in placenta trophoblast cells. It plays an important role in the regulation of 
transporting fatty acids from the placenta to the fetus [204,205]. Pparg null mice are 
lethal due to abnormal placental development with a characteristic reduction of lipid 
droplets in trophoblasts [206]. In human term placenta PPARG expression is reduced 
in SGA children, presumably due to higher DNA methylation status [188].

Methods  

Patients
In the period of 2004 until 2009 surplus villi of 695 CVBs were stored prospectively 

at the department of Obstetrics and Gynecology of the University Medical Center 
Groningen. The CVB was performed between 11 and 13 weeks of gestation, mainly 
for maternal age (women over the age of 36 in the 18th week of pregnancy) or 
serum screening related risk of aneuploidy. Gestational age was confirmed by 
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ultrasound (crown-rump length). Tissue was obtained vaginally by using a biopsy 
catheter (Cook, K-CMA-5000). Surplus material, not needed for karyotyping, was 
obtained and decidua was mechanically separated from the villi. Follow-up of these 
pregnancies was collected by a questionnaire returned by the patient postpartum. 
The pregnancies with known follow-up were analyzed and completed with the 
patient files [207-209]. SGA was defined as a birth weight below the 10th percentile. 
The birth weight percentile was calculated by using Dutch birth weight tables, which 
correct for gestational age, parity and gender. We included only singleton pregnancies. 
We selected 35 neonates with a birth weight below the 10th percentile. For each 
case, two controls were selected with a birth weight between p20-p80, matched 
for gestational age at the time of sampling and gender. Exclusion criteria for the 
controls were pre-existent maternal disorders, concurrent morbidity, smoking, use 
of medication that might influence intrauterine growth, pregnancy complications (as 
pre-eclampsia) and multiple pregnancy. Fetal karyotyping showed no chromosomal 
abnormalities. For the cases, pregnancy complications such as hypertension and 
preeclampsia, and smoking during pregnancy were not excluded, since it is known 
these factors are associated with FGR [210].  Patients were informed that surplus 
material could be used for research, according to the “Code for proper use of human 
tissue”, version 2002, of the Dutch Federation of Medical Scientific Societies. Samples 
were coded and outcomes anonymized.

Gene selection
To select relevant genes, we performed a systematic search using the following 

terms in pubmed: (DNA) methylation, epigenetics, (gene) expression, intra-uterine 
growth restriction (IUGR), FGR, SGA and fetal growth. From this list in our opinion 
biologically relevant genes were selected. As we also wanted to look at genome 
wide DNA methylation changes, we also included a repetitive element. On forehand 
we decided to select a maximum of five genes, the generated list contains more 
biologically relevant genes. Our search resulted in the repetitive element LINE-
1 and the following five candidate genes: WNT2, IGF2-H19, SERPINA3, HERVWE1 
and PPARG [183-188]. Thereafter genes were checked for a known promoter, 
using a promotor database (available at http://rulai.cshl.edu/cgi-bin/TRED/tred.
cgi?process=home). 

DNA isolation and bisulfite treatment
Samples were prepared in GT-buffer and stored at -20°C or -80°C. DNA was 

isolated using the DNeasy Blood&Tissue Kit (Qiagen, Hilden, Germany), according 
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to manufacturer’s protocol. The tissue was homogenized by passing it through a 
syringe with a 20G needle, for at least 5-10 times. The DNA was diluted in 100µL 
buffer AE (Qiagen). To check quality and to exclude contamination, the DNA product 
was analyzed by gel. DNA concentrations and protein contamination of the samples 
were checked by using a Nanodrop spectrophotometer. Samples with a 260/230 ratio 
lower than 1,0 were cleaned by using standard ethanol precipitation. Depending on 
the amount of DNA, the samples were resuspended in 20-100µL Buffer AE. After 
isolation the samples were stored at 4°C, until bisulfite treatment.

Bisulfite treatment was performed using the EZ DNA Methylation-Gold Kit (Zymo 
Research, Orange, USA), according to supplier’s protocol. Depending on the amount 
of DNA available, 200-500 ng of DNA was used per sample. Universally unmethylated 
and universally methylated DNA standards were used in the reactions as a control. 
The following conditions were used to generate bisulfate modified DNA: 10 minutes 
at 98°C, 2.5 hours at 64°C, and then cooled to 4°C. At the end of the procedure the 
samples were eluted in 50µL M-Elution Buffer (provided by Zymo Research).

PCR and pyrosequencing
Primers for the selected genes were designed with Pyromark Assay Design (Supl. 

table 1). Polymerase chain reaction (PCR) was performed using the PyroMark PCR 
Kit from Qiagen. Pyrosequencing was used to determine methylation status of single 
CpGs. Samples were analyzed by the Pyromark Q24 (Qiagen), according to protocol. In 
each run an internal control for bisulfite treatment was incorporated. Thereby, both 
universally methylated and universally unmethylated DNA was used in the runs as 
unmethylated or methylated control (the methylated & unmethylated gDNA Control 
Kit from Life Technologies was used). Data were analyzed using the PyroMark Q24 
Analysis Software. The level of DNA methylation is given as a percentage. 

Quantative Real Time PCR
The mRNA level of WNT2, IGF2, SERPINA3, HERVWE1 and PPARG were detected 

by Quantitative real-time (qPCR). LINE-1 does not code for genetic information, 
but served as a surrogate marker for genome-wide DNA methylation, therefore 
expression was not analyzed. 

RNA was isolated and purified using Macherey-Nagel NucleoSpin RNA/protein 
Kit, according to manufacturer’s protocol (Düren, Germany). Part of the samples was 
cleaned using QiagenRNeasyMinElute Cleanup Kit. A total amount of 250 ng RNA was 
used to synthesize cDNA. cDNA was prepared with M-MLV reverse transcriptase, RT 
buffer, dNTP mix, random nonamers, RNAse OUT and DTT. The mixture was briefly 
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centrifuged with the RNA, and incubated at 25°C for 10 minutes, then at 37°C for 50 
minutes, and then heated at 70°C for 15 minutes. 

To determine the transcriptional profile of the selected genes, qPCR was applied 
with Taqman assays.  ACTB and 18SrRNA were used as endogenous reference genes. 
For the qPCR, cDNA was amplified by using the appropriate primers and probes. For 
18SrRNA, WNT2, IGF2, SERPINA3 and HERVWE1 TaqMan gene expression assays 
were used, provided by Applied Biosystems (Supl. table 2). The primer and probe 
sequences for PPARG and ACTB have been published (www.LabPediatricsRug.nl) and 
are presented in Additonal file 5. All samples were run in duplicates on the 7900HT 
Fast Real-Time PCR System (Lifetechnologies). SDS 2.4 Software from Applied 
Biosystems was used to analyze the runs. The mRNA levels of the studied genes were 
calculated relative to ACTB and 18SrRNA.

Statistical analysis
All statistics analyses were performed using SPSS Statistics 20.0. For normally 

distributed data the independent samples T-test was used and data were presented 
as a mean with standard deviation. When the data were not normally distributed, 
nonparametric tests were used (Mann-Whitney U test) and the data were presented 
as median and range. Outcomes were considered significant with a probability value 
of <0.05.
 

Results

35 SGA neonates and 70 neonates with a normal birth weight were included. The 
groups were different for maternal hypertension and smoking. Maternal and neonatal 
characteristics are presented in Table 1. For some of the genes not all the samples 
were sufficient. The total of analyzed samples are presented below the figures. 
We looked at the DNA methylation level of the separate CpG positions (Supplemental 
file 4), and also at the mean DNA methylation levels of all the CpG positions together 
(Table 2). Furthermore we looked at gene expression and the correlation between 
DNA methylation and expression. 

At first we looked at LINE-1. This repetitive element showed an average DNA 
methylation level close to 50% in both groups (Table 2). When analyzing the 3 CpG’s 
separately, no differences were found between cases and controls (Supl. Table3). 

-  95  -

Methylation in first trimester placental tissue

Proefschrift G.M.M. Pruis _ RUG.indd   95 17-11-2015   21:45:34



Table 1. Maternal and neonatal characteristics.

Characteristics Controls (n=70) Cases (n=35) P-value

Gestational age at CVB in weeks 
(median and range)

11.3 (10.1-12.4) 11.3 (10.1-12.4) 0.991

Gestational age at delivery in 
weeks (median and range)

40.2 (37.6-42.9) 37.7 (29.3-41.7) 0.0521

Maternal characteristics

Maternal age at CVB in years (me-
dian and range)

38.3 (26.5-45.1) 39.1 (25.1-43.8) 0.1931

Parity 0.5052

Primiparous 14 (20%) 9 (27.7)

Multiparous 56 (80%) 26 (74.3%)

Hypertension during pregnancy <0.0013

No hypertension 56 (80%) 17 (48.6%)

Hypertension 0 4 (11.4%)

Pre-eclampsia 0 2 (5.7%)

Unknown 14 (20%) 12 (24.3%)

Smoking during pregnancy <0.0012

Yes 0 12 (34%)

No 65 (92.9%) 23 (65.7%)

Unknown 5 (7.1%) 0

Neonatal characteristics

Gender 0.7832

Male 36 (51.4%) 17 (48.6%)

Female 34 (48.6%) 18 (51.4%)

Birth weight in grams (median and 
range)

3500 (2710-4010) 2700 (690-3110) 0.0011

Birth weight percentile

<2.3% 0 9 (25.7%)

2.3-5% 0 14 (40.0%)

5-10% 0 12 (34.3%)

20-50% 39 (55.7%) 0

50-80% 31 (44.3%) 0
1 Mann-Whitney test, 2 Chi-square test 3 Fisher’s exact test.
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Table 2. The average DNA methylation levels for the different genes examined

Genes Positions 
analized

Average methylation 
level (%) 

Controls (n=70)

Average methylation 
level (%) 

Cases (n=35)
P-value

LINE-1 3 48.58±3.15 47.53±3.80 0.1392

WNT2 12 12.16 (3.33-50.98) 13.55 (7.06-53.07) 0.1621

IGF2-H19 4 38.88±4.91 39.40±5.16 0.6312

SERPINA3 6 26.55±6.48 27.58±7.12 0.4682

HERVWE1 4 7.45 (3.59-27.97) 8.30 (3.52-24.55) 0.7591

PPARG 5 4.84 (2.20-8.36) 4.96 (2.73-7.34) 0.6811

1 Calculated with Mann-Whitney test. 2 Calculated with independent T-test.

In case of WNT2, the first and second analyzed CpG showed a significantly higher 
DNA methylation level in SGA samples, compared to controls (Fig. 1, respectively 
p=0.041 and p=0.039). However, no change in gene expression was found. When we 
looked at the correlation between WNT2 DNA methylation and WNT2 expression no 
statistical differences were found (Figure 1).  

When analyzing the DNA methylation level of the genes IGF2-H19, SERPINA3, 
HERVWE1 and PPARG, no significant differences were found. Neither for the seperate 
CpG positions, as for the average DNA methylation level between cases and controls. 
For PPARG it was remarkable that we found a relatively low DNA methylation level in 
both groups compared to our other studied genes.

When stratifying our population into different groups, that is comparing the 
lowest versus the highest methylated samples and comparing the different birth 
weight groups, we also found no significant differences in DNA methylation (data not 
shown). 

There were also no statistical differences in mRNA expression of these four genes 
between SGA cases and controls (IGF2-H19 p=0.923; SERPINA3 p= 0.776; HERVWE1 
p=0.340; PPARG p=0.334;). The DNA methylation and expression data of these four 
genes are shown in Figure 2.  For these four genes no correlation was found between 
DNA methylation and expression (Suppl. figure 1).

Interestingly, for IGF2/H19, we noticed the presence of a previously unknown 
single nucleotide polymorphism at CpG4 in roughly 50% of all samples. Consequently, 
we excluded CpG4 from all statistical analyses. 
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 Figure 1. DNA Methylation and expression of WNT2 and the association with SGA. (A) Methylation of 
CpG1 (n=105). (B) Methylation of CpG2 (n=105). (C) Average of all the 12 CpG positions analyzed (n=105). 
(D) Expression of WNT2 (n=99 (67 controls/32 cases)). (E) The correlation between WNT2 methylation 
and expression.
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Figure 2. DNA Methylation and expression of IGF2-H19, SERPINA3, HERVWE1 and PPARG. (A) Methylation 
of IGF2-H19 (n=105). (B) Expression of IGF2-H19 (n=99 (67 controls/32 cases)). (C) Methylation of 
SERPINA3 (n=100 (66 controls/34 cases)). (D) Expression of SERPINA3 (n=92 (61 controls/31 cases)). 
(E) Methylation of HERVWE1 (n=102 (68 controls/34 cases)). (F) Expression of HERVWE1 (n=99 (67 
controls/32 cases)). (G) Methylation of PPARG (n=102 (68 controls/34 cases)). (H) Expression of PPARG 
(n=98 (66 controls/32 cases)).
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Discussion

Changes in DNA methylation of several genes in term placenta have been linked 
to SGA and have been associated with changed expression of these genes [177]. 
However, studies showing whether this is a cause or a consequence of FGR are 
lacking. Based on the studies performed in term placenta we selected candidate 
genes related to fetal growth and looked for a difference in DNA methylation pattern 
in early, first trimester placenta samples.  For LINE-1 we found out that the overall 
DNA methylation in first trimester SGA samples is not changed. This suggests that 
overall DNA methylation in first trimester SGA samples is not changed, but is affected 
later on during development. The level of DNA methylation was about 50% in both 
cases as controls, as reported earlier in normal pregnancies [211].

For WNT2, in our population, only the first and second examined CpG position of 
WNT2 showed a significantly higher DNA methylation level in the cases, compared 
to controls. Using the program TFSEARCH, we identified putative transcription factor 
binding sites. Transcription factor binding sites are likely epigenetic transcriptional 
regulation sites, as modifications here may influence transcription factor binding 
[212]. We found that ADR1, MZF1 and SP1 bind to binding sites on the first analyzed 
CpG position of WNT2. The second CpG showed no correlation with any transcription 
factor. Possibly the changes in DNA methylation in the first CpG have a biological 
relevance due to transcription factors. Therefore, we looked at the expression of 
WNT2. However, we found no differences in expression between SGA and controls. 
There was also no correlation between DNA methylation of the promoter and 
expression. However, the relation between DNA methylation and gene expression is 
very complex and gene expression is also dependent on other factors like histone 
acetylation [178,213]. 

We also analyzed the average DNA methylation level of the first five CpG positions 
of the total 12 CpG positions of the WNT2 gene we examined. This was done because 
these are the same positions that were included in the Ferreira study and in this 
way we were able to compare our results with theirs [184]. However, no statistically 
significant differences were found in the DNA methylation status of the first single 
five CpGs between the SGA and the controls (data not shown). 

In our early placenta material no significant difference in DNA methylation levels 
could be found for IGF2-H19, nor in the expression levels of IGF2. Interestingly, we 
identified a new single nucleotide polymorphism at CpG position 4, which prohibited 
DNA methylation analysis of this position. We therefore omitted this position from 
the statistical analyses.  
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For SERPINA3, HERVWE1 and PPARG we did not find any difference in DNA 
methylation, nor in expression. For PPARG we did find a very low methylation level. 
A low methylation level permits expression of this gene, confirming its important 
role in placental development.   

In our selection of genes we did not find, except for WNT2, methylation 
differences. This suggests that the reported DNA methylation changes in term SGA 
placenta occur later during pregnancy, at least after the first trimester. In order to 
make a definite statement about the DNA methylation throughout pregnancy we 
would have to measure the DNA methylation in term placentas in the same cases as 
we used for the CVB. Unfortunately, this material is not available. The CVB was taken 
in the 11th till 13th week of pregnancy. A lot of these women were only visiting the 
University Medical Center Groningen for the biopsy. When the outcome of the CVB 
was normal, most of the women went back to their own hospital or midwife and 
delivered there. For this reason, the ultrasound measurements like fetal biometry 
and doppler velocimetry are also absent. We are unable to compare our laboratory 
findings with these clinical data.  

Further limitations of this study are that we only examined a few candidate 
genes based on our literature search. Array studies could be helpful to select strong 
candidate genes for further research. We have to attend that there is a variability in 
DNA methylation in the placenta. Therefore, to be able to validate SGA associated 
genes, the differences must be remarkable.  

Conclusion

Our study showed hypermethylation of the WNT2 gene on two CpG positions in 
SGA cases. However no DNA methylation or expression changes were observed for 
the other genes in early placental material, between the 11th and 13th week, related 
to SGA. 

This indicates that the DNA methylation and/or expression differences reported 
in the literature before arise after the first trimester, between the second trimester 
and the term period. 
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Supplementary Figures and Tables
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Gene Primers Sequence to analyze

LINE-1

F: provided by Qiagen, cat. no. 970042 TTYGTGGTGYGTYGTTT

R: provided by Qiagen,

S: provided by Qiagen

WNT2

F: GGGTGTATGAAATGATGGTAAGAG GAGGTGAGGYGGGGAAGGGGG
AATATYGTTGTATGGTTAYGAG
TATAYGYGAATATAGAATTTTT
AGGGAGTTTTAGGTTAAAGAG
TATTYGTGGGTTTTYGGAGYGT
GYGTTTYGGATTGTYGAGGTAT
TYGTTGGTAAATAAGTTTTTG
AG

R: CCCCCTTCCTCCTTTCCTCACATTACA

S1: GAGATGTTTGGGGAT

S2: GGGAAGTTTTAGGTTAAAG

IGF-H19 DMR 
(ICR1)

F: 5’-GGGGGTTTTTGTATAGTATATGGGT-3’ AATYGGAAGTGGTYGY-
GYGGYGGTAGTGTAGGTT-
TATATATTATAGTTR: 5’-ACTCCTATAAATATCCTATTCCCAAATAAC-3’

S: 5’-TGGTTGTAGTTGTGG-3’

SERPINA3

F: 5’-AGTTGAGAATGGAGAGAATGTT-3’ AATTAAGATYGAGGGATATAY-
GTGGATTTYGGATTAGTTT-
TYGTTAAYGTGGATT-
TYGTTTTTAGTTTGTATAAG-
TAGTTAGTTTTG

R: 5’-ATTCTTATCAAAAACCTTCAAAACTAACT-3’

S: 5’-GGAGAATTTGATTTAGGAG-3’

HERVWE1

F: TGGAGAGTGAATTATTGAGTTATATGA TTTTGGGGYGGGTTTTTTTTT
TGGGATGAGGGTAAAAYGTTT
GAGATATAGTAATTATTTTGTA
ATTGAGAGATAGATTAGTTGG
ATTTTAGGTYGATTAAGAATT
TTTAAGTTTAGTTGGGAAGGT
GATTAYGT

R: ATCCCCATTATTATCCCTCCTACTATACTC

S1: GGATAGTGAATATAGATAGAAGT

S2: AGATAGGATTAGTTGGATT

PPARG

F: GGTAAGGAATTTTGAAAGTGTGTAGTA  GAYGGTTTGGTYGATYGTYGT-
GTGAAGGGTAAGTTATTTTG-
GTYGAGR: CTAAAAAACCACCCAAAAAAAATCCCATT

S: TGGAAAGAATATTTTGGGAA

Tabel S1. Primers used for PCR and pyrosequencing.
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Figure S1. The scatterplots show the correlation between methylation and expression. Expression is cal-
culated relative to the expression of the housekeeping genes 18SrRNA and ACTB (A) IGF2-H19. (B) SER-
PINA3. (C) HERVWE1. (D) PPARG.

Gene Assay/primers

ACTB
F: CTGACTGACTACCTCATGAAGATCCT
R: CTTAATGTCACGCACGATTTCC
Taqman probe: CAGCTTCACCACCACGGCCGAG

18rRNA Taqman Hs99999901_s1

WNT2 Taqman Hs00608224_m1

IGF-H19 Taqman Hs00171254_m1

SERPINA3 Taqman Hs00153674_m1

HERVWE1 Taqman Hs02341206_g1

PPARG
F: GATGTCTCATAATGCCATCAGGT
R: GGATTCAGCTGGTCGATATCACT
Taqman probe: CAACAGCTTCTCCTTCTCGGCCTG

Tabel S2. Assays used for qPCR
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Chapter 6

Table S3. Methylation of the individual CpG positions for the different genes examined and the association 
with SGA.

Gene CG position Controls Cases P-value

LINE-1 CG1¹ 48,00 (37,00-53,00) 47,00 (40,00-55,00) 0,170a

CG2² 50,93 ± 3,33 49,80 ± 3,97 0,128b

CG3² 46,83 ± 3,14 45,74 ± 3,85 0,125b

Average 3 CGs² 48,58 ± 3,15 47,53 ± 3,80 0,139b

WNT2 CG1¹ 13,72 (3,96-56,77) 23.21 (5,94-56,88) 0,041a*

CG2¹ 30,18 (7,43-72,32) 35,94 (12,00-70,10) 0,039 a*

CG3¹ 24,82 (12,45-61,37) 30,43 (13,09-62,67) 0,095a

CG4¹ 10,57 (4,76- 47,32) 11,36 (4,78-46,73) 0,223a

CG5¹ 20,52 (7,19-52,18) 19,78 (6,55-51,09) 0,301a

CG6¹ 5,23 (1,48-47,76) 5,50 (2,19-47,47) 0,405a

CG7¹ 5,79 (2,77-50,19) 6,11 (1,70-52,10) 0,415a

CG8¹ 4,21 (1,02-42,40) 5,40 (0,95-45,82) 0,459a

CG9¹ 4,86 (1,35-41,31) 6,16 (1,19-45,79) 0,330a

CG10¹ 5,81 (1,64-48,52) 6,04 (1,72-54,30) 0,906a

CG11¹ 5,66 (1,76-47,87) 5,88 (1,77-50,07) 0,175a

CG12¹ 13,05 (6,83-62,60) 14,16 (2,86-66,51) 0,146a

Average 12 CGs¹ 12,16 (6,33-50,98) 13,55 (7,06-53,07) 0,162a

IGF2-H19 CG1² 40,70 ± 5,37 41,63 ± 5,43 0,407b

CG2² 43,00 ± 5,25 43,17 ± 5,19 0,874b

CG3² 35,06 ± 5,73 35,37 ± 6,21 0,797b

CG5² 36,74 ± 4,65 37,43 ± 5,01 0,489b

Average 4 CGs ¹ 38,88 ± 4,91 39,40 ± 5,16 0,613a

SERPINA3 CG1¹ 23,50 (9,00-41,00) 22,00 (13,00-46,00) 0,735a

CG2¹ 12,00 (5,00-30,00) 12,00 (6,00-29,00) 0,612a

CG3² 22,70 ± 8,29 23,24 ± 8,88 0,765b

CG4² 55,20 ± 11,95 58,62 ± 14,20 0,207b

CG5¹ 14,00 (6,00-29,00) 13,00 (5,00-36,00) 0,790a

CG6² 30,70 ± 8,47 30,88 ± 8,91 0,919b

Average 6 CGs² 26,55 ± 6,48 27,58 ± 7,12 0,468b

Proefschrift G.M.M. Pruis _ RUG.indd   104 17-11-2015   21:45:37



-  105  -

Methylation in first trimester placental tissue

Gene CG position Controls Cases P-value

HERVWE1 CG1¹ 7,22 (2,67-24,47) 8,03 (2,01-24,41) 0,443a

CG2¹ 4,14 (0,90-19,16) 4,61 (0,00-21,95) 0,713a

CG3¹ 10,20 (3,54-35,49) 10,55 (3,96-28,76) 0,937a

CG4¹ 9,86 (4,89-30,17) 10,47 (5,22-23,07) 0,531a

Average 4 CGs¹ 7,45 (3,59-27,97) 8,30 (3,52-24,55) 0,759a

PPARG CG1¹ 2,70 (1,42-12,18) 4,89 (2,20-8,36) 0,859a

CG2¹ 5,96 (2,92-19,78) 2,77 (1,22-12,18) 0,683a

CG3¹ 4,29 (1,48-14,79) 6,06 (2,92-19,78) 0,629a

CG4¹ 2,59 (0,00-14,18) 4,27 (1,48-17,61) 0,431a

CG5¹ 6,42 (2,71-13,49) 2,73 (0,00-14,18) 0,845a

Average 5 CGs¹ 4,84 (2,20-8,36) 4,96 (2,73-7,34) 0,681a

The data are either presented as median and range (1) or as mean with standard deviation (2). To 
calculate the p-value the Mann-Whitney test (a) or the independent T-test was used (b). * Significant at 
the 0,05 level.
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