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IGF2 DNA methylation is a modulator
of newborn’s fetal growth and development
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The insulin-like growth factor 2 (IGF2) gene, located within a cluster of imprinted genes on chromosome 11p15, encodes
a fetal and placental growth factor affecting birth weight. DNA methylation variability at the /GF2 gene locus has been
previously reported but its consequences on fetal growth and development are still mostly unknown in normal pediatric
population. We collected one hundred placenta biopsies from 50 women with corresponding maternal and cord
blood samples and measured anthropometric indices, blood pressure and metabolic phenotypes using standardized
procedures. IGF2/H19 DNA methylation and IGF2 circulating levels were assessed using sodium bisulfite pyrosequencing
and ELISA, respectively. Placental /IGF2 (DMRO and DMR2) DNA methylation levels were correlated with newborn’s fetal
growth indices, such as weight, and with maternal IGF2 circulating concentration at the third trimester of pregnancy,
whereas H19 (DMR) DNA methylation levels were correlated with IGF2 levels in cord blood. The maternal genotype of
a known IGF2/H19 polymorphism (rs2107425) was associated with birth weight. Taken together, we showed that /GF2/
H19 epigenotype and genotypes independently account for 31% of the newborn’s weight variance. No association was
observed with maternal diabetic status, glucose concentrations or prenatal maternal body mass index. This is the first
study showing that DNA methylation at the IGF2/H19 genes locus may act as a modulator of IGF2 newborn'’s fetal growth
and development within normal range. IGF2/H19 DNA methylation could represent a cornerstone in linking birth weight

and fetal metabolic programming of late onset obesity.

Introduction

Birth weight at both ends of the spectrum (i.e., intrauterine
growth restriction and fetal overgrowth) has been associated
with higher risk of obesity, type 2 diabetes (T2D) and cardio-
vascular disease (CVD) in the adult life.! Intrauterine life is
now considered a critical period associated with long-term pro-
gramming of energy balance regulation.®> Events during this
critical window are believed to play an important role in the
fetal development and growth and in determining children’s
susceptibility to energy metabolism-related diseases over the
long-term.? In fact, detrimental fetal and perinatal environ-
ments have been repeatedly associated with obesity, T2D and
CVD.>* However, the underlying molecular mechanisms link-
ing intrauterine growth restriction and fetal overgrowth to chil-
dren’s health have been poorly documented. In addition, birth
weight heritability is estimated to be around 45%,”® but the
genetic determinants explaining the variance are still mostly
unknown.
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Epigenetic profile alterations have been repeatedly proposed
as a likely molecular mechanism linking birch weight and
later determinant of health in childhood or even later in life.’
Genomic imprinting, an epigenetic phenomenon by which cer-
tain genes are expressed in a parent-of-origin-manner, is known
to impact genes important in placental and fetal growth and
development.”® Insulin-like growth factor 2 (IGF2), also known
as the somatomedin A, is one of the key players being involved in
fetal growth and development. /GF2 is located upstream of H19
on chromosome 11pl5 in a region where gene imprinting was
clearly demonstrated to occur. Accordingly, /GF2 is paternally
expressed whereas H19 is transcribed into a noncoding RNA
of unknown function from the maternal copy of the genome.’
Gene expression regulation of each of the two copies accord-
ing to their parental origin is under the control of DNA meth-
ylation (epigenetic) marks at /GF2/H19 differentially methylated
regions (DMRs)." Briefly, CTCF, a DNA insulator protein, will
bind methylated H79 DMR mediating the effect of the H19/
IGF2 downstream enhancer." Therefore, binding the maternal
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Table 1. Women and newborns characteristics

Number Mean+SD Range
1st T mother’s age (years) 50 28.6+34 20.0-38.0
1st T body mass index (kg/m?) 50 247 +3.3 19.6-32.5
1st T fasting glucose (mmol/L) 50 43+04 34-54
1st T fasting insulin (mU/L) 50 6.0+3.6 1.0-16.7
1st T IGF2 concentration (ng/mL) 37 817 £ 104  628-996
2nd T IGF2 concentration (ng/mL) 39 800+ 114  517-1093
3rd T IGF2 concentration (ng/mL) Zy| 954 +186 650-1522
2h post-OGTT glucose (mmol/L) 50 71414 38-8.8
at2nd T
Weight gain between 1st and 3rd T
(%.ofinitiallweight} 46 18.0+6.3 1.5-33.1
Birth weight (kg) 50 3.3+048 2.1-4.2
Cord blood IGF2 concentration 43 453 + 101 255725

(ng/mL)

1st T, first trimester of gestation (between weeks 11 and 14); 2nd T,
second trimester of gestation (between weeks 24 and 28); 3rd T, third
trimester of gestation (between weeks 36 and 37). fOnly one women
fulfilled the ADA criteria for gestational diabetes mellitus.*

Table 2. Spearman rank correlation coefficient between circulating
IGF2 concentration and mRNA levels and mothers’ and newborns’ body
composition-related phenotypes

3rdTIGF2 Cordblood I/GF2 mRNA levels
levels IGF2 levels (fetal side)
1st T body weight -0.35*% 0.10 -
2nd T body weight -0.37* 0.22 -
3rd T body weight -0.37* 0.21 -
1st T fat mass -0.39% -0.06 =
Newborn'’s height -0.31F 0.42%* 0.04
Newborn’s weight -0.24 0.25 0.07
Placenta weight -0.22 0.29* 0.32%

T, trimester of pregnancy; mRNA, messenger RNA; 'p < 0.1; *p < 0.05;
**p < 0.01.

chromosome, CTCF will suppress /GF2 transcription and acti-
vate H19 expression. Absence of CTCF binding on the paternal
chromosome has opposite effects. Loss of imprinting (LOI) or
deviation from hemimethylation (50% DNA methylation), is
expected to unbalance /GF2 expression and induce fetal growth
and development defects.’

Gain in methylation at 79 DMR has been associated with
syndromes of fetal overgrowth [such as Beckwith-Weidemann
syndrome (BWS) and isolated hemihyperplasia] while loss of
methylation at 79 DMR seems implicated in the Russel-Silver
syndrome, characterized by severe prenatal growth restriction.’
This is in line with the hypothesis that higher DMR methylation
levels at H19 decrease its expression, allowing its reciprocal /GF2
gene to be more expressed, leading to increase fetal growth (and
vice versa). Interestingly, BWS is also associated with neonatal
hypoglycemia, hyperinsulinism and cardiomyopathy.
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Taken together, the clinical features of three human syndromes
highly suggest that /GF2/HI19 DNA methylation is important
for fetal growth and development as well as for children’s health.
However, the role of DNA methylation at the /GF2/H19 locus in
fetal growth and development in normal pediatric population has
not yet been established. Accordingly, we tested whether placental
IGF2/H19 DNA methylation levels are correlated with newborn’s
markers of fetal growth and development and whether fetal envi-
ronment (dependent on maternal metabolism) is affecting /GF2/
H19 epigenetic profile in a cohort of neonates born from women
with and without glycemic dysregulation during pregnancy.

Results

Characteristics of the women and their newborn. Table 1 shows
women and newborn characteristics. On average, the mothers were
of normal weight with fasting blood glucose within the normal
range at first trimester of pregnancy. Twenty-three women devel-
oped impaired glucose tolerance (IGT) during pregnancy based
on the second trimester oral glucose tolerance test (OGTT)."
Only one of them fulfilled the American Diabetes Association
diagnostic value for gestational diabetes mellitus (GDM).** IGT
women were on diet (n = 14) alone or on diet and insulin treatment
(n = 7). Two mothers with IGT did not receive any treatment.
Babies were within the normal birth weight range on average.

IGF2 circulating concentration. First, associations between
maternal IGF2 circulating concentrations and mother’s body
composition or newborns’ growth and development markers were
assessed. As shown in Table 2, maternal IGF2 levels at the third
trimester of pregnancy were found negatively correlated with
mother’s body weight throughout pregnancy as well as with her
percent body mass at 12-14 weeks of gestation (all r < -0.35,
p < 0.05). Cord blood IGF2 levels were positively correlated
with newborn’s height (r = 0.42, p = 0.005) and placental weight
(r=0.29, p = 0.07) (Table 2). Fetal side /GF2 mRNA levels were
associated with placenta weight (Table 2). No association was
observed between neither maternal nor cord blood IGF2 levels
and maternal or newborn glucose status.

As epigenetics is involved in gene expression regulation, we
verified whether DNA methylation at /GF2/HI9 was associated
with /GF2 mRNA and circulating levels. As shown in Table 3, we
demonstrated that higher /GF2-DMR2 DNA methylation levels
on the maternal placental side are associated with lower IGF2
concentration at the third trimester of pregnancy. We have also
shown that DNA methylation levels of /GF2-DMRO0-A1 CpGl
and H719-DMR locus on the maternal side were positively corre-
lated with cord blood IGF2 levels while no significant correlation
between cord blood IFG2 levels and fetal side DNA methylation
levels at any of the analyzed DMR around /GF2/HI19 locus were
observed. None of the DNA methylation loci investigated was
associated with /GF2 mRNA levels.

DNA methylation levels at IGF2/HI19 locus and markers of
fetal growth and development. The main goal of the current
study was to verify whether /GF2/H19 DNA methylation levels
were associated with markers of fetal growth and development.
We found that DNA methylation at each locus analyzed varies
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widely between individuals (Fig. 1). In addition, we observed
that DNA methylation levels between the CpGs within a same
locus were generally highly correlated with each other (Fig. 1).
Accordingly, DNA methylation measures between correlated
CpGs within a same locus were aggregated and only the results
for mean DNA methylation levels at the /GF2-DMR2 and H19-
DMR are presented. The analyses were conducted in both sides
of the placenta separately since corresponding CpGs between
placenta sides were only marginally correlated (data not shown).

On the fetal side of the placenta, higher mean DNA meth-
ylation levels at /GF2-DMR?2 locus were associated with higher
birth weight, greater height, in addition to larger head and tho-
rax circumferences (Table 4). Some neonatal anthropometric
measurements were also positively correlated with higher DNA
methylation levels at specific CpGs within the DMRO locus of
the /FG2 promoter region (Table 4). H19-DMR DNA meth-
ylation levels were not found to be associated with any of the
anthropometric measurements at birch. Placental weight was not
associated with DNA methylation levels on the fetal side of the
placenta at any loci investigated.

On the maternal placental side, we found that higher DNA
methylation levels at three CpGs located within the /GF2-
DMRO0-A1 and DMRO0-A2 loci were associated with higher
newborn’s thorax circumference and birth and placenta weight
(Table 4). No significant association between fetal growth and
development markers and maternal /GF2-DMR2 or H19-DMR
DNA methylation levels was observed (Table 4).

IGF2/HI9 genotypes and markers of fetal growth and
development. 79 DMR has been sequenced for polymor-
phism inventory at this locus. A total of seven polymorphisms
were found: rs11564736 [minor allele frequency (MAF) =
49%], rs10732516 (MAF = 46%), rs2071094 (MAF = 46%),
rs56125822 (MAF = 1%), rs2107425 (MAF = 32%), rs4930098
(MAF = 46%) and rs11042167 (MAF = 46%). rs2107425 is in
partial LD with birth weight-associated polymorphisms previ-
ously reported by Adkins et al. (Fig. 1).” We found that moth-
ers carriers of the minor allele at rs10732516 (C/C and C/T)
or rs2107425 (AA and AG) gave birth to heavier and longer
newborns compared with babies born from T/T or G/G homo-
zygous women (Table 5). rs2107425 maternal genotype was
also found associated with other fetal growth and development
markers (Table 5). Newborn’s genotype at rs10732516 was
found associated with head and thorax circumferences, whereas
152107425 newborn’s genotype was not significantly associated
with any fetal growth or development marker tested (Table 5).
Together, placental /GF2/HI9 DMR2 (fetal side) epigenotype
(18%, p = 0.002) and rs2107425 maternal genotype (13%, p =
0.006) accounted for 31% (p = 0.0002) of the newborn weight
variance. rs10732516 did not contribute independently (p > 0.15)
to the stepwise regression model. None of the two polymorphisms
were associated with DNA methylation at /GF2/HI19 DMR2.

Discussion

In the current study, we showed that placental DNA methylation
changes at the /GF2/HI9 imprinted locus are associated with
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Table 3. Spearman rank correlation coefficient between circulating IGF2
concentration and maternal side placenta IGF2/H19 DNA methylation
levels

3rd T IGF2 levels Cord blood IGF2 levels

IGF2-DMR2-mean -0.37* 0.20
IGF2-A1-CpG1 0.05 0.37*
IGF2-A1-CpG2 0.13 0.06
IGF2-A1-CpG3 -0.05 0.28"
IGF2-A2-CpG1 0.21 0.16
IGF2-A2-CpG2 -0.11 0.19

H79-DMR-mean 0.09 0.31*

p < 0.1; *p < 0.05. The correlations remained similar when third
trimester of pregnancy IGF2 concentration was corrected for maternal
weight at first trimester of pregnancy or rs2107425 maternal genotype
and when cord blood IGF2 concentration was corrected for newborns’
height or rs2107425 maternal genotype.

fetal development and birth weight in a normal pediatric popula-
tion. Low and high birth weight have been repeatedly and clearly
associated with a long-term increased risk for obesity, diabetes
and CVD."? Consequently, understanding the biologic mecha-
nisms determining birth weight brings more insights into early
origins of adult chronic diseases.

We also report that the relationship between DNA methyla-
tion and newborns’ growth and developmental markers analyzed
is different in both sides (maternal vs. fetal) of the placenta tis-
sues. Briefly, we found that /GF2 DNA methylation levels in the
maternal side of the placenta are potentially associated with early
unfavorable maternal environment as it was found associated
with placenta developmental dysregulation (placenta weight).
However, the fetal side DNA methylation levels were associ-
ated with overall fetal growth and developmental markers (birth
weight and height and head and thorax circumferences) suggest-
ing that late gestation as well as the fetal milieu are likely more
important to determine the fetal side epigenetic profile. This
is potentially an important finding as exposure to a detrimen-
tal fetal environment during early gestation is associated with
obesity,'® dyslipidemia'” and an overall 3-fold increased risk of
CVD," whereas a late gestation exposure is associated with an
increased risk for glucose metabolism dysregulation (impaired
glucose tolerance and type 2 diabetes mellitus).”*** This suggests
that DNA methylation signature of both sides of the placenta
reflects an exposure to metabolic challenges that occurred at dif-
ferent critical window during fetal development.?! Therefore,
studies will be needed to identify the factors predictive of DNA
methylation changes at the /GF2/HI19 locus. One of these could
be maternal obesity as suggested by a well-designed retrospec-
tive case-series study of 172 pediatric patients (children) followed
between 2 to 18 y old and born from mothers who underwent
bariatric surgery.?? In this study, Kral et al. demonstrated a reduc-
tion of 50% of obesity in the offspring, but epigenetic profiling
has not been investigated.?

Interestingly, the DNA methylation variability at the /GF2/
H19 locus was quite large with few individuals with very low lev-
els of DNA methylation (< 10%), although this is a region known
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Figure 1./GF2/H19 gene locus (chromosome 11p15). Numbers in the diamond shapes report Spearman correlation coefficient between CpG sites
(white diamonds) or linkage disequilibrium (LD) values (r?) between H79 SNPs (gray diamonds) as computed with Haploview 4.0. Mean and SD are
shown for DNA methylation values. N/A, this potential DA methylation site is altered by rs10732516 (C > T); *LD map was built based on Hapmap data

(release 28, built 36).

to be imprinted. This is in line with results recently published
by Coolen et al., also reporting considerable DNA methylation
variation both in monozygotic (MZ) and dizygotic (DZ) twins.?
Interestingly, they also reported that the DNA methylation pro-
files (at the /IGF2/HI19 locus) of genetically identical twins (MZ)
were less discordant than in DZ individuals. This suggests that
local genetic sequence affects DNA methylation at /GF2/H19
locus. Nevertheless, genetics only partially accounts for DNA
methylation variability (as demonstrated by existing variability
in MZ twins) suggesting that other factors (environment) remain
to be identified. Explaining the source of this variability could
potentially be critical because it would allow providing recom-
mendations for a healthier pregnancy. However, none of the
anthropometric and metabolic factors measured in the moth-
ers and the newborns were correlated (or predictive) of DNA
methylation levels at the /GF2/H19 locus. Nevertheless, we have
shown that the DNA methylation changes observed at the /GF2/
H19locus are likely to be functional, being associated with circu-
lating IGF2 concentrations. This suggests that DNA methylation
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variability at the /GF2/H19 locus contributes to modulate /GF2
gene expression over that of the effects of gene imprinting.
Environmental and biological factors that could modulate DNA
methylation at this locus are still to be discovered.

Nevertheless, a number of gene polymorphisms located
within the /GF2/HI9 gene locus have been studied, as they are
potential biological factors modulating /GF2 DNA methylation
profile, expression and activity. Recently, Adkins et al. reported
a significant association between maternal genotype for three
H19 polymorphisms and birth weight.”® These polymorphisms
were located surrounding (6 kb) the H19-DMR (Fig. 1). In order
to be as close as possible to the epigenotyped region, we have
inventoried the polymorphisms located within 79 DMR locus
and investigated their association with fetal growth and develop-
ment markers. This allowed us to confirm the association with
birth weight reported by Adkins et al.” and to show that the H19
maternal polymorphism and /GF2 DNA methylation account for
up to 31% of the birth weight variance. Our results suggest that
IGF2/H19 DNA methylation and genotypes are independent
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Table 4. Spearman rank correlation coefficient between placenta IGF2/H19 DNA methylation levels and fetal growth and development markers

Fetal side
IGF2-DMR2-mean
IGF2-A1-CpG1
IGF2-A1-CpG2
IGF2-A1-CpG3
IGF2-A2-CpG1
IGF2-A2-CpG2
H19-DMR-mean
Maternal side
IGF2-DMR2-mean
IGF2-A1-CpG1
IGF2-A1-CpG2
IGF2-A1-CpG3
IGF2-A2-CpG1
IGF2-A2-CpG2
H19-DMR-mean

Height

0.40%*
0.23
0.16
0.13
0.02
0.21

-0.06

0.12
0.08
-0.02
0.02
-0.18
0.17
0.14

Head circumference

0.32%
0.30*
0.29*
0.06
0.08
0.41**
0.19

0.12
0.16
0.19
0.13
-0.01
0.15
0.08

Thorax circumference

0.32%
0.37**
0.32%
0.261
-0.01
0.40%*
0.04

0.13
0.32%
0.16
0.30*
-0.23
0.241
0.10

Weight

0.44**
0.19
0.17
0.06
0.05

0.34*
0.01

0.21
0.34*
0.15
0.32%
-0.08
0.28*
0.11

Placenta weight

0.22
0.03
0.06
0.06
-0.05
0.15
0.03

0.14
0.46%**
0.29*
0.32%
-0.01
0.15
0.10

Circ, circumference; fp < 0.1; *p < 0.05; **p < 0.01. The correlations remained similar when corrected for rs2107425 (maternal genotype).

Table 5. Association analyses between IGF2/H19 polymorphisms and newborn growth markers

Birth weight (kg)
Birth height (cm)
Head circumference (cm)
Thorax circumference (cm)

Placenta weight (g)

Birth weight (kg)
Birth height (cm)
Head circumference (cm)
Thorax circumference (cm)

Placenta weight (g)

Birth weight (kg)
Birth height (cm)
Head circumference (cm)
Thorax circumference (cm)

Placenta weight (g)

www.landesbioscience.com

C/C(n=9)
mean + SE

3.29£0.15
49.3 + 0.6
341 +0.5
32.7+0.7
554 + 35

A/A and A/G (n = 28)

mean * SE
3.46 + 0.08
50.0 + 0.4
34.7+0.3
33.4+04
584 + 20

C/C(n=12)
mean + SE

3.50+0.14
49.8 + 0.6
34405
33.6+0.6
579 + 31

rs10732516 (maternal genotype)

C/T(n=28)
mean + SE

3.44 £ 0.09
50.0 +0.4
34.6+0.3
334+04
580 £ 20
rs2107425 (maternal genotype)

3.09+£0.10
48.8 + 0.4
33.6+0.4
32.2+0.5

533 +22
rs10732516 (newborn genotype)

C/T (n=20)
mean + SE

3.15+0.11
48.8 +0.5
33.6+04
31.9+£0.5
542 +25

Epigenetics

G/G (n=22)
mean + SE

T/T(h=13)
mean + SE

3.02+0.13
48.2+0.5
33.5+0.5

32.0+0.6
524 + 29

T/T(n=18)
mean + SE

3.35+0.11
49.8 +0.5
34.8+0.4
33.5+0.5
569 + 25

p value

0.03
0.02
0.16
0.16
0.29

0.004
0.04
0.03
0.06
0.10

0.12
0.26
0.08
0.03
0.60
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predictors of birth weight. Although these results have first to
be replicated, explaining 31% of the variance of a complex trait
such as birth weight with a heritability estimate ranging from
42-45%"8 with only one genetic variant and one epivariant at a
single gene locus is an important finding. Also, it suggests that
DNA methylation could explain a fraction of the “missing her-
itability” of other complex traits (such as adult BMI) that are
currently being investigated in many genetic epidemiological
studies, looking only at genotypes.* Moreover, a maternal effect
has been observed as already reported by Adkins et al.® This is
also in accordance with the genetic conflict theory,® which states
that the gene allele inherited from the mother will protect her
resources exhaustion against the fetus’ needs by downregulating
the activity of newborns’ (anabolic) genes such as /GF2. The sus-
pected mechanism would be an interaction between the inher-
ited maternal allele and newborns’ epigenotype. This has still to
be carefully studied.

Significant association between /GF2/HI9 and obesity-related
complications were also reported. Faienza et al. found an asso-
ciation between an /GF2 polymorphism (6815 A/T) and hyper-
tension in obese children and adolescents, but failed, as other
groups,”®
icant associations with obesity, hypertension and dyslipidemia in

%7 to find an association with obesity.?* However, signif-

healthy mid-age men were also reported.” This suggests that the
IGF2/H19 epigenotypes we have uncovered could also be associ-
ated with obesity and its cardiometabolic risk factors. Whether
those associations are linked through the effect on birth weight
remain to be tested. This link has still to be established but could
have important clinical implication if proven true.

Strengths and limitations. The longitudinal follow-up start-
ing at the first trimester with standardized anthropometric and
metabolic measurements is among the strengths of this study as
well as having conducted the study in a homogeneous popula-
tion from European descent (which can be a strength in genetic
and epigenetic studies), although the findings might not be
applicable to other populations. The bisulfite pyrosequencing
technology used to measure DNA methylation levels is well vali-
dated and reliable. Our sample size was fairly large according to
the strength of the correlations and compared with other stud-
ies looking at epigenetic mechanisms. It allows us to take into
account possible confounding factors. However, weaker asso-
ciations could have been missed and prevent finding metabolic
factors predictive of DNA methylation modulation for example.
Also, our results need to be replicated before strong conclusion
can be drawn.

In conclusion, we demonstrated for the first time that both
genetic and epigenetic variants at /[GF2/H19 locus are potentially
major determinants of birth weight in a normal pediatric popu-
lation. Higher risk of obesity, diabetes and CVD later in life is
associated with birth weight at both ends of the spectrum, and
one of the mechanisms explaining this association could be DNA
methylation variation at key gene loci. Future studies should
investigate whether DNA methylation patterns found to be asso-
ciated with birth weight and other fetal growth and development
indices are also predictive of obesity and related metabolic disor-
ders later in life.
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Material and Methods

Subjects. Fifty women with a singleton pregnancy were recruited
from a founder population of French-Canadian origin. Women
over 40 y old, with pre-gestational diabetes or other disorders
known to affect glucose metabolism as well as those with a
positive history of alcohol and/or drug abuse during the cur-
rent pregnancy were excluded. The Chicoutimi Hospital Ethics
Committee approved the project. All women provided a written
informed consent before their inclusion in the study in accor-
dance with the Declaration of Helsinki.

Anthropometric variables [body mass index (BMI), waist and
hip girth] and blood pressure were measured using standardized
procedures.®® Body composition (lean and fat mass) was measured
using bioimpedance (Xitron model 4200, Xitron Technologies).
Glucose was evaluated using a Beckman analyzer (model CX7),
and insulin measurements were performed using a radioimmu-
noassay method (Advia Centaur, Simmens). Serum IGF2 lev-
els were measured using ELISA assay as recommended by the
manufacturer (ALPCO Immunoassays). IGT was defined as a
2-h glucose = 7.8 mmol/L following a 75-g OGTT performed at
24-28 weeks gestation."?

Placenta tissue sampling. Placenta tissues were sampled min-
utes following delivery and kept in RNALater (Qiagen) at -80°C
until nucleic acid extraction. Tissue biopsies were taken from the
fetal and the maternal sides. The first consisted of the intervil-
lous tissues and chorionic villi, and the second consisted mainly
of fetal villous tissue but may also contains very little tissue of
maternal origin in the deciduas basalis (basal plate). DNA and
RNA analyses were performed on both sides separately.

IGF2/H19 molecular analyses. DNA and RNA were puri-
fied using the All Prep DNA/RNA/Protein mini Kit (Qiagen).
RNA quality was assessed with the Agilent 2100 bioanalyzer
RNA Nano Chips (Agilent Technology). On average, RNA was
of good to excellent quality (RIN = 7.65 + 0.06).

Polymorphisms within 79 DMR locus were inventoried and
genotyped using direct sequencing. The samples were run on an
ABI PRISM 3100 Genetic Analyzer (ABI). Both strands were
sequenced using the PCR primers. The primer sequences were:
PCR forward: 5-GGG GAG ATG GGA GGA GAT AC-3%
PCR reverse: 5-GTA AAA GGC TGG GGATTT GG-3'. PCR
conditions can be provided upon request. Data were analyzed
with CodonCode Aligner 3.7 (CodonCode Corporation).

DNA methylation analyses covered /GF2-DMRO (2 assays; Al
and A2) located in first intron and /GF2-DMR2 located within
exon 8, as well as H19-DMR (Fig. 1). DNA methylation levels at
CpG sites were assessed using pyrosequencing (Pyromark Q24,
QIAGEN-Biotage). Briefly, methylated cytosines are protected
against a C—T transition following sodium bisulfite treatment
(Epilect Bisulfite Kit, QITAGEN). Pyrosequencing is a quantita-
tive sequencing method allowing measuring cytosine methylation
levels (%) at each CpG site of a given sequences. PCR primers
were selected using PyroMark Assay Design v2.0.1.15 (Qiagen).
DNA methylation quality controls were applied. These include
NaBis conversion controls and the assessment of pyrosequencing
quality (peak height, deviation from reference sequence pattern

Volume 7 Issue 10

©2012 Landes Bioscience. Do not distribute.



and unexpected peak height). The PCR and pyrosequencing
primers are shown in Table SI.

CDNA (cDNA) was generated from total RNA using a ran-
dom primer hexamer provided with the High Capacity cDNA
Archive kit (Applied Biosystems). Equal amounts of cDNA were
run in duplicate and amplified in a 20 pl reaction containing
10 pL of 2X Universal PCR Master Mix (Applied Biosystems).
Primers and Taqman probes were designed to cover exon
boundaries and were obtained from Applied Biosystems (/GF2:
Hs01005963_m1; Applied Biosystems). Each sample was cali-
brated to the YWHAZ housekeeping gene (endogenous con-
trol; YWHAZ: Hs00237047_m1).%%* Relative quantification
estimations were performed using an Applied Biosystems 7500
Real Time PCR System as recommended by the manufacturer
(Applied Biosystems).

Statistical analyses. Mean locus DNA methylation levels
were computed among the cytosines showing within correlation
(1) levels higher than 0.8 on average (Fig. 1). The computed
mean values were used for correlation analyses when applicable.
Maternal and the fetal side of the placenta DNA methylation
levels were analyzed separately (low pairwise correlation between
tissues). /IGF2/YWHAZ c_ratio (1/x) values were used for cor-
relation analyses. rs10732516 is in complete LD (r2 = 1) with
152071094, rs4930098 and rs11042167. Polymorphisms with
low MAF were not analyzed (rs11564736 and rs56125822).
Accordingly, only rs10732516 and rs2107425 has been statisti-
cally analyzed.

Spearman rank correlation coefficients were used to test asso-
ciations between methylated cytosines and between DNA meth-
ylation levels and the main variables of interest: birth and placenta
weight, height, head and thorax circumferences, maternal fasting
glucose and insulin, glycemic results at OGTT and /GF2 mRNA
circulating levels. The correlations with potential confound-
ers (age, BMI, weight change over pregnancy rs11564736 and
152107425 genotypes) were also tested. Accordingly, confounders
were added to the statistical models when they significantly con-
tributed to the models. Student’s t-tests were used to assess sta-
tistical differences in mean birth weight and DNA methylation

between rs11564736 and rs2107425 genotypic groups. Results
were considered statistically significant when p values < 0.05
(two-sided). Statistical analyses were performed using the SAS
software, version 9.1.3.
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