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Abstract

Background—Epigenetics is tissue-specific and potentially even cell-specific, but little
information is available from human reproductive studies about the concordance of DNA
methylation patterns in cord blood and placenta, as well as within-placenta variations. We
evaluated methylation levels at promoter regions of candidate genes in biological ageing pathways
(SRT1, TP53, PPARG, PPARGCI1A, and TFAM), a subtelomeric region (D4Z4) and the
mitochondrial genome (MT-RNRL, D-loop).

Methods—Ninety individuals were randomly chosen from the ENVIRONAGE birth cohort to
evaluate methylation concordance between cord blood and placenta using highly quantitative
bisulfite-PCR pyrosequencing. In a subset of nineteen individuals, a more extensive sampling
scheme was performed to examine within-placenta variation.

Results—The DNA methylation levels of the subtelomeric region and mitochondrial genome
showed concordance between cord blood and placenta with correlation coefficients ranging from r
=0.31t0 0.43, p< 0.005, and also between the maternal and foetal sides of placental tissue (r =
0.53t0 0.72, p < 0.05). For the majority of targets, an agreement in methylation levels between
four foetal biopsies was found (with intra-class correlation coefficients ranging from 0.16 to 0.72),
indicating small within-placenta variation.
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Conclusions—The methylation levels of the subtelomeric region (D4Z4) and mitochondrial
genome (MT-RNR1, D-loop) showed concordance between cord blood and placenta, suggesting a
common epigenetic signature of these targets between tissues. Concordance was lacking between
the other genes that were studied. In placental tissue, methylation patterns of most targets on the
mitochondrial-telomere axis were not strongly influenced by sample location.
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1. Introduction

Epigenetic modifications represent a potential link between adverse insults and altered foetal
development. Epigenetic changes, of which DNA methylation is the most commonly
characterized, can occur throughout the course of life, but much of the epigenome is already
established in germ cells and embryos as it appears to be particularly important for the
regulation of embryonic growth and placental development [1]. Disruption of the epigenome
has been demonstrated in human placenta-related pathologies such as intrauterine growth
restriction [2] and preeclampsia [3, 4].

Although cord blood and placental tissue are the most frequently used specimens in human
reproductive studies due to their functional significance, non-invasive collection and good
accessibility, some challenges need to be taken into consideration. Gene methylation is
tissue-specific and potentially even cell-specific [5-7]. In this regard, little information is
available about DNA methylation patterns in cord blood and placental tissue, as well as
within-placenta variations. Considerable variation in the DNA methylation of imprinted
genes is observed in tissues derived from monozygotic and dizygotic twin pairs (such as
cord blood-derived mononuclear cells and granulocytes, umbilical vein endothelial cells,
buccal epithelial cells and placental tissue), with greater discordance in dizygotic twin pairs
[7]. These data highlight that both genetic and intrauterine exposure factors contribute to the
establishment of the neonatal epigenome of different tissues.

Rationale of target selection

Due to the growing interest in biological ageing processes in utero, a better understanding of
epigenetic alterations of age-and mitochondrial-related targets in cord blood and placenta is
desired. Within the ENVIRONAGE project (ENVIRonmental influence ON AGEing in
early life), we impart new dimensions to the present understanding of human ageing and its
environmental influence from early life onwards. The integration of mitochondria into the
‘core axis of ageing’ is supported by the premature ageing conditions exemplified by
telomere dysfunction as well as mutations or deficiencies in key regulators of mitochondrial
biogenesis and function [8]. Our selected targets are partly based on the hypothesized ageing
model outlined by Sahin et al. [8] proposing that telomere attrition activates the ‘guardian of
the genome’, tumour protein 53 (TP53), resulting in a TP53-mediated mitochondrial
dysfunction. We defined eight candidate targets that relate to the mitochondrial-telomere
axis of ageing (Figure 1).
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Sirtuin 1 (SIRT1) is an important determinant of longevity in humans that influences
telomerase activity [9] and also inactivates TP53 [10]. On the other hand, SRT1 activates
peroxisome proliferator-activated receptor y-coactivatorla (PPARGC1A) boosting
mitochondrial biogenesis [11]. Indeed, SIRT1 activity has been found to decrease in aged
tissues, and this might contribute to the increased TP53 activity and suppressed PPARGC1A
activity seen in aged mouse and human tissues [12].

In addition to its close relationship with TP53, PPARGC1A is involved in mitochondrial
function by acting as a transcriptional co-activator of several nuclear-encoded transcription
factors, including mitochondrial transcription factor A (TFAM) which regulates
mitochondrial biogenesis [13]. PPARGC1A is also a co-activator of peroxisome proliferator-
activated receptor v (PPARG), regulating trophoblast invasion and early placental
development [14].

Recently, mitochondrial DNA methylation has been shown to control mitochondrial gene
transcripts [15] and therefore identifies a novel series of targets for in utero changes. The
displacement loop (D-loop) is particularly important in this regard because it contains
promoters for mitochondrial DNA transcription and nearly the entire mitochondrial genome
transcribes from this region. In addition, 12S ribosomal RNA (MT-RNR1) encodes for a
protein that facilitates the formation of RNA secondary structures, assembly of the
mitochondrial ribosome, and mitochondrial translation [16].

Finally, we studied the non-satellite tandem repeat D474 in the subtelomeric region. In
contrast to mammalian telomeric repeats (TTAGGG), the subtelomeric region has a high
density of CpG sequences. In vitro and in vivo mouse studies indicate a conserved link
between telomere length and the epigenetic status of subtelomeres [17-19]. Evidence from
human studies shows an inverse correlation between DNA methylation of the subtelomeric
D4Z4 repeat and average telomere length in a panel of cancer cell lines [20], while a positive
correlation with telomere length is observed in patients with dyskeratosis congenital [21].
These data thereby demonstrate that the epigenetic status of the telomeric region is affected
by disease conditions. Variations in telomere length among adults may already be
established in utero and might be linked to epigenetic changes induced by environmental
factors, making early life an important time of susceptibility to change [22, 23].

Focus of the study

Few studies have investigated within-placenta variation of (global) DNA methylation levels
and these only focus upon a specific set of genes [5, 24-26]. Since the placenta shows a
remarkable amount of normal variability in size and structure, these results cannot be
extrapolated to other genes. To provide a representative snapshot of placental biomarkers, it
requires multiple samples to be taken from a single placenta. However, it is not always
feasible given the relatively large number of samples or subjects under investigation in an
epidemiological context and the related costs for the epigenetic measurements. Therefore,
the number of study participants versus the numbers of sampling sites or biological
replicates is an important consideration in molecular epidemiological study design. A
solution to minimize the impact of regional differences in methylation or gene expression
patterns within a mother’s placenta is to standardize the sampling method by selecting one
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specific site from which biopsies are taken [27]. In this study, we evaluated the concordance
of DNA methylation patterns in cord blood and placental tissue, as well as within-placenta
variations, at specific regions of the aforementioned eight candidate-target regions that were
selected due to their relevance to ageing.

2. Material and Methods

2.1 Study population

We randomly selected cord blood and placental tissue from the ongoing ENVIRONAGE
birth cohort. In this cohort, we recruit mother-newborn pairs from the East-Limburg
Hospital in Genk, Belgium of which extensive medical and lifestyle data are available as
described previously [28, 29]. All subjects provided informed consent, and all procedures
were approved by the Ethical Committee of Hasselt University and East-Limburg Hospital
in Genk. We used a subset of ninety placenta-cord blood samples (sample set A) to examine
the relationship between DNA methylation in those two tissues. In a subset of nineteen
placentas (sample set B), a more extensive sampling scheme was performed to examine
within-placenta variation in DNA methylation.

2.2 Cord blood collection and placental sampling

Umbilical cord blood was collected immediately after delivery in Vacutainer® Plus Plastic
K2EDTA Tubes (BD, Franklin Lakes, NJ, USA). Samples were centrifuged at 3,200 rpm for
15 min to retrieve buffy coats and instantly frozen, first at —20°C and later at —80°C.
Placentas were deep-frozen within ten minutes of delivery. Afterwards, we took biopsy
samples of approximately 1 to 2 cm3 for DNA extraction using a standardized protocol as
described by Adibi et al. [30]. Four distinct sites from nineteen placentas were sampled from
the foetal side across the middle region of the placenta approximately four cm away from
the umbilical cord and 1-1.5 cm below the chorio-amniotic membrane (Figure 2). An extra
biopsy was taken from the maternal side. Chorio-amniotic membrane contamination was
avoided by careful visual examination and dissection. Via histological examination
(hematoxylin & eosin staining) we compared four fetal biopsies from four placentas. This
confirmed that biopsies were taken from chorionic villous tissue with normal architecture
composed of trophoblasts. In the fetal biopsies we could identify terminal and intermediate
villi with cytotrophoblasts and syncytiotrophoblasts, vessels, fibrin and the intervillous
space. We did not observe any consistent differences in the histology or cell type
composition between the fetal samples, nor between the four placentas.

2.3 DNA methylation analyses

Genomic DNA was isolated from buffy coat of cord blood and from placental tissue using
the Q1Aamp DNA mini kit (Qiagen, Inc., Venlo, the Netherlands). We performed DNA
methylation analysis by highly quantitative bisulfite-PCR pyrosequencing. Bisulfite
conversions were performed using 1 pg of extracted genomic DNA with the EZ-96 DNA
methylation Gold kit (Zymo Research, Orange, CA, USA) according to the manufacturer’s
instructions. The final elution volume was 40 pl, using M-elution buffer. We interrogated
CpG sites within promoter regions (S RT1, TP53, PPARG, PPARGC1A, TFAM) or other
specific regions (subtelomere: D4Z4; mitochondrial genome: MT-RNR1, D-loop) of targets
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on the mitochondrial-telomere axis. We combined data from the literature and data derived
from the UCSC Genome Browser (http://genome.ucsc.edu,assemblyGRCh37/hg19), such as
transcription factor binding sites, DNase | hypersensitive sites and histone modifications to
identify regions with potentially methylated CpG sites. The MethPrimer program (http://
www.urogene.org/cgi-bin/methprimer/methprimer.cgi) was used for PCR primer design.
The assays for D424, MT-RNR1 and D-loop have been previously described [31, 32].
Detailed information regarding primer sequences and genomic regions is given in
Supplementary file 1, Table 1. Methylation levels of the mitochondrial regions MT-RNR1
and D-loop showed a strong correlation in placental tissue (n = 81, r = 0.85, p < 0.0001) and
cord blood (n= 82, r = 0.68, p < 0.0001).

PCR amplification of regions of interest prior to pyrosequencing was performed in a total
reaction volume of 30 pl, using 15 pl GoTaq Hot Start Green Master Mix (Promega,
Madison, WI, USA), 10 pmol forward primer, 10 pmol reverse primer, 1 pl bisulfite-treated
genomic DNA and water. One primer was biotin-labelled in order to purify PCR products in
conjunction with Sepharose beads. PCR products were bound to Streptavidin Sepharose
High Performance beads (Amersham Biosciences, Uppsala, Sweden) via the biotin label,
and immobilized on the Pyrosequencing Vacuum Prep Tool (Pyrosequencing, Inc.,
Westborough, MA, USA) before being purified, washed, denatured using 0.2 mol/L NaOH
solution, and washed again according to the manufacturer’s protocol. 0.3 pmol/L of
pyrosequencing primer was annealed to the purified single-stranded PCR product, and
pyrosequencing was performed using the PyroMark Q96 MD Pyrosequencing System
(Qiagen, Inc., Germantown, MD, USA). We used 0% (PSQ-T oligo: 5'-
TTGCGATACAACGGGAACAAACGTTGAATTC-3') and 100% (PSQ-C oligo: 5'-
TTGCGATACGACGGGAACAAACGTTGAATTC-3") DNA methylation control oligos.
The sequencing primer for the control oligo is: 5-AACGTTTGTTCCCGT-3'. We mixed the
PSQ-C oligo (or PSQ-T oligo) with the sequencing oligo in PyroMark Annealing Buffer
(Qiagen, Inc., Valencia, CA, USA) and performed pyrosequencing with the sequencing
entry C/TGTAT [31]. The degree of methylation was expressed as the percentage of
methylated cytosines over the sum of methylated and unmethylated cytosines. The
efficiency of the bisulfite-conversion process was assessed using non-CpG cytosine residues
within the sequence.

2.4 Statistical analysis

Multiple CpGs within each region of interest were interrogated and we calculated the
average across all the CpGs for the analysis. Spearman correlation coefficients were applied
to assess the association between methylation levels in cord blood and placental tissue of
ninety participants (sample set A). The Wilcoxon signed rank test was performed to
compare methylation levels between the two different tissues.

In nineteen individuals (sample set B), we measured DNA methylation of the eight targets in
the four quadrants of the placenta. We computed the intra-class correlation coefficient (ICC)
from a variance components mixed model to evaluate within- versus between-placenta
variability. Mixed models take into account regional differences of each individual placenta
and calculate the proportion of variation that is explained by the variance between
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individuals. Additionally, we tested for differences between placental biopsies using the
Friedman’s test and conducted post-hoc analysis with the Wilcoxon signed rank test. The
Bonferroni method was applied to correct for multiple pairwise comparisons. All statistical
analysis were performed using the SAS software program (version 9.2; SAS Institute Inc.,
Cary, NC, USA).

The study included two sample sets; sample set A (n = 90) for the correlation of methylation
levels between cord blood and placental tissue and sample set B (n = 19) for the assessment
of within-placenta variation. Characteristics of the two samples are reported in Table 1.

3.1 Concordance between DNA methylation in cord blood and placenta

Low methylation levels, ranging from 1.7 % to 11.7%, were observed in both tissues for all
targets except D474, which had mean methylation levels of 65.2% in cord blood and 45.1%
in placenta (Table 2). Mean cord blood methylation levels at the interrogated regions of
D4z4, SRT1, PPARG, MT-RNRL and D-loop were significantly higher than those observed
in placenta (p < 0.01). PPARGC1A showed significantly lower methylation levels (p <
0.0001) in cord blood compared with placental tissue. The examined CpGs in the promoter
region of PPARGC1A in placental tissue showed strong correlation (r = 0.60) but not in cord
blood. No significant differences in mean methylation levels at the promoter regions of
TP53 and TFAM were observed between tissues.

The correlation between methylation levels in cord blood and placental tissue was
significant for three of the eight targets (D4Z4: r = 0.43, p < 0.0001; MT-RNR1: r = 0.36, p=
0.0006; D-loop: r = 0.31, p = 0.005). SRT1, TP53, PPARG, PPARGC1A, and TFAM
showed no significant correlation between cord blood and placental tissue (Table 2). The
correlation between tissues did not alter after adjustment for maternal age, gender,
gestational age or parity.

3.2 Within-placenta variation in DNA methylation

We measured DNA methylation of the eight targets in four quadrants of nineteen placentas
and evaluated the within-placenta variation in DNA methylation using the ICC and

Friedman test (y2). Between-placenta variability, exemplified by the ICC, was higher than
within-placenta variability for D4Z4 (72% vs. 28%, p = 0.003), TP53 (55% vs. 45%, p =
0.04), PPARG (60% vs. 40%, p = 0.006), PPARGC1A (64% vs. 37%, p = 0.005), MT-RNR1
(58% vs. 42%, p = 0.009), and D-loop (61% vs. 39%, p = 0.01), but not for IRT1 (32% vs.
68%, p = 0.16) and TFAM (16% vs. 84%, p = 0.42) (Figure 3). For PPARGC1A, two
placentas showed much higher methylation levels (>20%) compared to the other placentas.
For the D-loop assay, all four biopsies from two placentas failed pyrosequencing twice and
were excluded from analysis.

The methylation levels between different biopsies of each individual, exemplified by the 2
statistic, showed no significant difference for D4Z4 (p = 0.60), SRT1 (p =0.14), TP53 (p =
0.17), PPARG (p = 0.18), PPARGC1A (p = 0.14), and TFAM (p = 0.32). Only for MT-RNR1
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and D-loop there was a borderline significant difference between biopsies observed (both p
= 0.05). Pairwise comparisons showed no significant differences between biopsies after
Bonferroni adjustment. Mean methylation levels of each biopsy averaged by all individuals
are shown in Supplementary file, Figure 1.

Additionally, we compared the methylation levels of all the targets between biopsy A, taken
from the foetal side, and the corresponding biopsy A2, taken from the maternal side. No
significant difference in methylation levels was observed between the maternal and foetal
side for any of the targets (p = 0.1). However, the correlation between the foetal and
maternal sides was only significant for the same targets that also correlated between cord
blood and placental tissue (i.e. D4Z4: r = 0.72, p = 0.005; MT-RNRL: r = 0.53, p = 0.05; D-
loop: r=0.60, p=0.04).

4. Discussion

As suggested by Non and colleagues [24], researchers interested in epigenetic or gene
expression analysis should evaluate each gene of interest across placental sampling sites, as
each gene may display site-specific differences. Within the ENVIRONAGE birth cohort,
integration of targets that reflect or determine the biological ageing process, including
mitochondrial biogenesis, telomere length and candidate genes in placental development,
will be investigated to understand the environmental influence on the *core axis of ageing’
from early life onwards. In this study, we found that: 1/ methylation levels of the
subtelomeric region (D4Z4) and mitochondrial genome (MT-RNR1 and D-loop) showed
concordance between umbilical cord blood and placental tissue, while promoter regions of
candidate genes on the mitochondrial-telomere axis showed tissue-specific methylation
patterns; 2/ most of our selected candidate targets, which play a potential role in biological
ageing, did not display major differences in methylation levels across several biopsies in
placental tissue.

4.1 Concordance between DNA methylation in cord blood and placenta

The mean methylation levels of some targets in our study differed between cord blood and
placental tissue (i.e. D4Z4, SRT1, PPARG, PPARGC1A, MT-RNR1, and D-loop). Similar
results have been reported by other studies on imprinted genes and global methylation levels
of the cord blood and placenta [6, 33]. It is noteworthy to mention that the promoter region
of PPARGC1A was largely unmethylated in cord blood but not in placental tissue. In
addition, much higher methylation levels in all four biopsies were observed in two out of
nineteen placentas from sample set B. This is of particular interest because our interrogated
region is a putative binding site for CREB transcription factors. The transcriptional activity
of CREB is critical for the establishment and maintenance of energy homeostasis in mice
neonates [34] and appears to be involved in the regulation of PPARGC1A, which is a key
regulator of mitochondrial genes and energy metabolism. Methylation of the PPARGC1A
promoter region may therefore present one mechanism by which the genes could be
differentially regulated between cord blood and placental tissue.

Most of our studied genes had low methylation levels in both cord blood and placental
tissue. Despite the decreased ability to identify significant methylation changes in
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unmethylated genomic contexts due to technical limitations, small changes in promoter gene
methylation have been extensively described in several fields [35], including the one of
environmental epigenetics [36—39]. Small changes in regional methylation as well as single
CpG sites have been described to interfere with gene/protein expression [40] via
mechanisms that include alteration of affinity of transcription factors to their binding sites or
chromosome looping events [41]. Even when small changes in methylation would not
impact gene expression, they might still serve as markers of exposure or outcome [35].

4.1.1 Correlation of the subtelomeric region and mitochondrial genome
between tissues—As described above, methylation levels in umbilical cord blood may
not always reflect those in the placenta and vice versa. In our study, we observed significant
correlations between tissues at the subtelomeric region (D4Z4), and mitochondrial genome
(MT-RNRL1 and D-loop). Our results expand upon those from a previous study investigating
global and gene-specific DNA methylation across multiple tissues in early pregnancy [42]
which reported that only the repetitive element AluY8b, used as proxy for global DNA
methylation, was correlated between placental tissue and cord blood. However, global
methylation levels analyzed by LUMA showed no correlation between the umbilical cord
blood and placental tissue [33]. Our observations regarding subtelomeric methylation levels
extends previous observations of concordance in telomere length among multiple organs of
the human foetus [23, 43]. Together, these data indicate that methylation patterns in
mitochondria and repetitive elements, such as D4Z4 and Alu, are likely to reflect a common
epigenetic signature between cord blood and placental tissue. Indeed, methylation levels at
the ends of chromosomes and the mitochondrial genome may be more susceptible to
changes as these ‘hotspots’ are more sensitive to oxidative stress in comparison to other
parts of the genome.

4.1.2 Correlation between the maternal and foetal side of placental tissue—The
methylation levels of the subtelomeric region and mitochondrial genome correlated between
the maternal and foetal side of placental tissue. This was in addition to our findings of a
correlation between foetal placental tissue and cord blood, thereby suggesting that the
methylation status of these regions was consistent from maternal to foetal side to cord blood.
A previous study of placental methylation variation showed good correlation (r = 0.76, p <
0.0001) for LINE-1 between the foetal and maternal sides, but no such correlation existed
for stress-related genes [24].

4.2 Within-placenta variation in DNA methylation

Placental tissue, as with cord blood, is composed of a complex population of cells that
makes this organ shows high variability in overall DNA methylation compared with other
tissues [44]. Cytotrophoblasts and fibroblasts are the two main cell types in the placenta, and
most genes exhibit similar promoter methylation patterns. Although some specific genes
show differential promoter methylation between these cell types, the methylation status of
placental villi mainly reflects the profile of the cytotropoblast cells [5]. Avila and colleagues
concluded that the within-placenta variability for several genes generally showed less
sample-to-sample variation for DNA methylation than gene expression, and different
placental sites and depths showed consistent methylation patterns [25]. Our findings of low
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variation between four sampled biopsies of most targets is largely consistent with the results
of Avila et al. [25] and Non et al. [24], and we can conclude that methylation variation is
probably not due to sample location but rather due to cell composition differences between
samples. Nevertheless, these authors found that methylation patterns of some genes differed
across placental locations, but these differences were of limited magnitude. Since we did not
observe differences between sample locations, our chosen biopsy location provides a
representative biological measure from each individual placenta. However, future studies on
placental methylation may consider pooling multiple sites across the middle region of the
placenta to further reduce sampling variability [27].

4.2.1 Analysis of within-placenta variability in DNA methylation—In our study we
used two parameters, Friedman’s statistic and ICC, which provided different information
regarding within-placenta variation. An advantage of this combination is that we were able
to evaluate the methylation levels across biopsies together with the agreement between
biopsies. The higher the ICC, the more reliably a biopsy measure reflects true between-
individual differences. Although there is considerable variation in methylation levels
between individuals, as seen with the large range of methylation values, all targets showed
similar methylation levels across the four biopsies (Friedman’s test). However, both regions
of the mitochondrial genome, MT-RNRL and D-loop, showed borderline significant
differences compared between biopsies, although not significant after Bonferroni correction.
This observation was not reflected in the ICC, which was fairly high (58% and 61% for MT-
RNR1 and D-loop respectively), therefore showing a good agreement between biopsies. One
remark on the usage of the ICC as a reliability statistic is that it is usually applied to assess
the reproducibility of measurements in replicates, which normally yield high ICC values. In
our study we applied the ICC to different biopsies from the same organ, assuming that some
biological variation is already present and will therefore yield lower ICCs. Variation across
sites in an organ as complex as the placenta is within its nature and even a small deviation in
methylation level in one biopsy influences the separate biopsy correlations and subsequently
the ICC. The low methylated genes TFAM and SRT1 lacked correlation between biopsies,
possibly as a result of the relatively higher variation on account of the low absolute
methylation levels. We did not observe any obvious differences in the histology or cell type
composition between the foetal samples sites across the middle region of the placenta nor
between placentas.

4.3 Conclusion

The methylation of the subtelomeric region and mitochondrial genome showed concordance
between the different tissues (cord blood and the foetal and maternal side of the placenta).
However, the other selected candidate targets showed tissue-specific methylation patterns at
promoter regions, as exemplified by lack of correlation between cord blood and placental
tissue. These data indicate that methylation patterns in mitochondria and repeated elements
are likely to reflect a common epigenetic signature between cord blood and placental tissue.
Within the placenta, all our selected methylation targets on the mitochondrial-telomere axis
showed similar methylation levels, and for these targets it is amenable that sample location
does not affect DNA methylation. This information may guide future molecular
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epidemiological research investigating the epigenetics of targets operating within the core

axis of ageing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Characteristics of the two sample sets
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Sample set A: Ninety individuals for the correlation between cord blood and placental tissue. Sample set B:
Nineteen individuals for within-placenta variation analysis. Data are presented as mean + SD or range and

number (%).

Variables Sample set A (n=90) Sample set B (n = 19)
Maternal age, y 29.0 (19-40) 27.8 (18-38)
Pre-gestational BMI, kg/m? 255+51 26.0+6.6
Smoking

Never-smoker 64 (71.1%) 10 (52.7%)

Past-smoker 11 (12.2%) 7 (36.8%)

Smoker 15 (16.7%) 2 (10.5%)
Alcohol

No 69 (76.6%) 12 (63.2%)

Yes 21 (23.3%) 7 (36.8%)
Parity

1 44 (48.9%) 11 (57.9%)

2 36 (40%) 6 (31.6%)

>3 10 (11.1%) 2 (10.5%)
Newborn’s gender

Male 47 (52.2%) 7 (36.8%)

Female 43 (47.8%) 12 (63.2%)
Gestational age, w 39.2 (35-42) 38.9 (36-41)
Apgar score after 5 min

6 1(1.1%) -

7 2 (2.2%) -

8 2 (2.2%) 1 (5.3%)

9 20 (22.2%) 7 (36.8%)

10 65 (72.2%) 11 (57.9%)
Birth weight, g 3462 + 461 3515 + 381
Birth length, cm 50.4+1.8 50.2+2.0
Caesarean section 5 (5.6%) 4 (21.0%)
Epidural anaesthesia 64 (71.1%) 13 (68.4%)
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Table 2

Summary of the correlation between cord blood and placental tissue methylation (sample set A).

Target n  Mean (%) +SD Mean (%) +SD  Spearman
cord blood placenta correlation
D4z4 88 65.1+8.4 451+ 792 0.43b
SRT1 78 27+20 204112 -0.08
TP53 89 26+04 2605 0.02
PPARG 88 32+38 284408 -0.13
PPARGCIA 89 24£06 8.2 +6.72 0.06
TFAM 87 1.8+0.3 1.7+£0.24 0.08
MT-RNRL 86 11.7£0.6 95+04a 0.36P
D-loop 82 40+1.1 37+13a 0.31b

a., . . - . . ’ . . .
Statistically significant difference in methylation between cord blood and placental tissue (Wilcoxon signed rank test; p-value < 0.05).

bp-value <0.05
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