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Cord blood leptin DNA methylation levels are associated with
macrosomia during normal pregnancy

Yu-Huan Wang', Xiao-Xi Xu?, Hao Sun®, Ying Han? Zong-Feng Lei?, Yao-Cheng Wang?, Hong-Tao Yan? and Xin-Jun Yang?

BACKGROUND: We previously demonstrated an association between placental leptin (LEP) methylation levels and macrosomia
without gestational diabetes mellitus (non-GDM). This study further explored the association between LEP methylation in cord

blood and non-GDM macrosomia.

METHOD: We carried out a case-control study of 61 newborns with macrosomia (birth weight >4000 g) and 69 newborns with
normal birth weight (2500-3999 g). Methylation in the LEP promoter region was mapped by matrix-assisted laser desorption/

ionization time-of-flight mass spectrometry.

RESULTS: Average cord blood LEP methylation levels were lower in macrosomia newborns than in control newborns (P < 0.001).
Eleven CpG sites were associated with macrosomia. Multivariate logistic regression revealed that low LEP methylation levels
[adjusted odds ratio (AOR) = 2.84, 95% confidence interval (Cl): 1.72-4.17], high pre-pregnancy body mass index (AOR = 7.44, 95%
Cl: 1.99-27.75), long gestational age (AOR = 3.18, 95% Cl: 1.74-5.79), high cord blood LEP concentration (AOR = 2.25, 95% Cl:
1.34-3.77), and male newborn gender (AOR = 3.91, 95% Cl: 1.31-11.69) significantly increased the risk of macrosomia.
CONCLUSIONS: Lower cord blood LEP methylation levels and certain maternal and fetal factors are associated with non-GDM

macrosomia.

Pediatric Research (2019) 86:305-310; https://doi.org/10.1038/s41390-019-0435-3

INTRODUCTION

Macrosomia, typically defined as a birth weight >4000 g or above
the 90th percentile for gestational age,' is a common obstetric
phenomenon. The incidence of macrosomia is rising in many
regions and countries. Over the past two decades, the global
incidence of macrosomia has increased by 15-25%.2 In China, the
incidence of macrosomia is similarly trending upward.>* Maternal
factors during pregnancy, such as gestational weight gain (GWG)
and pre-pregnancy body mass index (pre-BMI), are positively
correlated with the incidence of macrosomia.>® Although many
studies have focused on macrosomia in gestational diabetes
mellitus (GDM),”~® the molecular mechanism of non-GDM macro-
somia remains unclear.

Leptin (LEP), a 16-kD peptide encoded by the obesity gene, is a
neuroendocrine hormone involved in food intake, energy
expenditure, reproduction, and metabolic diseases.'®'®* As an
intermediate molecule linking the neuroendocrine system with
adipose tissue, LEP participates in the regulation of fetal growth
and development.'*'® A meta-analysis confirmed that birth
weight is associated with cord blood LEP concentration and that
small for gestational age (SGA) babies have lower LEP concentra-
tions than appropriate for gestational age (AGA) babies.'® In
addition, a recent study by Lesseur et al.'” has found that SGA
newborns have higher cord blood LEP methylation levels than
AGA or large for gestational age newborns. Evidence from a
cohort study indicates that high maternal pre-BMI is associated
with downregulation of neonatal cord blood LEP methylation.'®

Another study of breastfed 17-month-old children and their
mothers reports that higher maternal pre-BMI and LEP concentra-
tion are associated with lower LEP methylation in fetal serum.'®
Furthermore, our previous research shows greater hypermethyla-
tion of individual CpG dinucleotides of the LEP promoter in the
placenta in non-GDM macrosomia pregnancies than in control
pregnancies at 39 weeks gestation.>° Nonetheless, the association
between non-GDM macrosomia and cord blood LEP methylation
levels remains unclear.

Several common single-nucleotide polymorphisms (SNPs) in the
LEP gene are associated with obesity-related diseases.®' >
Specifically, rs7799039 and rs2167270 SNPs, which are located in
the LEP promoter, have been associated with birth weight.'”?*
However, whether these two SNPs are associated with macro-
somia is unknown. Therefore, the aims of our study were to
investigate the association between cord blood LEP methylation
levels and non-GDM macrosomia and to determine whether the
occurrence of macrosomia is related to rs7799039 or rs2167270
mutations.

METHODS
Participants
This hospital-based case-control study was conducted in the
Second Affiliated Hospital of Wenzhou Medical University (Zhejiang,
China). One hundred and thirty healthy maternal-neonatal pairs
were recruited, including 61 newborns with macrosomia and 69
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newborns with normal birth weight as controls. Macrosomia was
defined as a birth weight >4000 g. Controls were newborns with
birth weights between 2500 and 3999g who were born within
3 days of macrosomia newborns. Basic information about the
mothers and newborns was collected from self-report question-
naires administered after delivery, and other maternal medical
information was obtained from the departmental perinatal
database. Participants were included if they had normal pregnan-
cies with normal maternal glucose tolerance and singleton
newborns born full-term (gestational age 37-42 weeks) by normal
delivery or cesarean. A normal pregnancy was defined as no
hypertension, gestational diabetes, heart disease, hepatitis, or
psychological disorder.?® Participants were excluded if they had
pregnancies involving preeclampsia, uteroplacental insufficiency,
post-term pregnancy, pregnancy complications (e.g., diabetes,
hypertension, or cardiovascular disease), or a newborn with
congenital malformations.?® Each newborn was weighed immedi-
ately after delivery. The Wenzhou Medical University Ethics
Committee reviewed and approved the study, and each mother
provided informed consent.

Cord blood sampling and LEP concentration

Cord blood samples were collected from all participants immedi-
ately after delivery but before delivery of the placenta. The cord
was clamped and cut, and 10 ml cord blood was collected in anti-
freezing and enzyme-free tubes with a new syringe. A 5-ml aliquot
was maintained at room temperature for 1h and centrifuged at
3000 rpm for 20 min. The serum fraction was transferred to a 5-ml
tube and immediately stored at —80°C to determine LEP
concentration. The remaining 5ml was transferred to an EDTA-
coated anticoagulant tube, mixed well, and stored at —80 °C for
methylation and SNP analysis. LEP concentration in the cord blood
was measured using a double antibody sandwich Avidin-Biotin
Complex enzyme-linked immunosorbent assay (ABC-ELISA,
Sigma, USA).

LEP DNA methylation

The LEP gene sequence was obtained from GenBank, and the
position of the LEP promoter was predicted using Eukaryotic
Promoter Prediction sites (http://epd.vital-it.ch/). Genomic DNA
was extracted from cord blood using a BioTek DNA Purification Kit
(BioTek, Beijing, China) and subsequently treated with a EZ DNA
Methylation-Gold Kit (Zymo Research, Irvine, CA, USA) according
to the manufacturers’ protocol. The resulting genomic DNA was
then treated with bisulfite to convert unmethylated cytosine (C)
bases to uracil (U). DNA methylation was performed using the
gold standard Sequenom MassARRAY platform (CapitalBio, Beijing,
China), which combines base-specific cleavage (molecular clea-
vage) and matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry. DNA was subjected to polymerase
chain reaction (PCR) amplification using primer sets previously
designed®” by EpiDesigner. Data were analyzed using the
EpiTYPER software version 1.0 (SEQUENOM, San Diego, CA, USA)
to determine the methylation results for each CpG site.

SNP genotyping of rs7799039 and rs2167670

Genotyping of rs7799039 and rs2167670 LEP SNPs were
performed using PCR/restriction fragment length polymorphism
as previously described.?” PCR was performed with a Bio-Rad PCR
instrument (Bio-Rad, USA) using a 20-pl reaction volume contain-
ing a final primer concentration of 0.2 mM in Ampligon master mix
(1.5mM MgCly). PCR products were digested using Hhal
(rs7799039) and MspAIL (rs2167270) restriction enzymes at 37 °C
for 24 h.

Statistical analysis

Questionnaire and experimental data were entered into an
EpiData3.1 database, and statistical analyses were performed
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Table 1. Characteristics of the mothers and newborns between the
two groups
Macrosomia Control P value
(n==61) (n=69)

Birth weight (g) 4314.8 + 255.8** 3491.8+332.0 <0.001
Neonatal gender 0.020
(n (%)

Male 44 (72.1)* 36 (52.2)

Female 17 (27.9) 33 (47.8)
Maternal age (years) 283+36 28.5+4.2 0.663
Pre-pregnancy 55.4 + 6.3** 523+6.9 0.006
weight (kg)
Height (cm) 160.0+4.3 159.8+3.7 0.736
GWG (kg) 19.8 £4.5*% 184+6.0 0.030
Pre-BMI (kg/mz) 21.6+2.5%* 205+24 0.007
Gestational age 39.7 £ 1.7*%* 389+1.0 0.001
(weeks)
Education level (n (%)) 0.676

<6 years 15 (25.4) 16 (23.5)

6-12 years 15 (25.4) 12 (17.6)

212 years 29 (49.1) 40 (58.9)
Parity (n (%)) 0.465

Primiparity 44 (72.1) 45 (66.2)

Multiparity 17 (27.9) 23 (33.8)

Significant differences in continuous variables were examined by
independent-sample t tests. Categorical variables were examined by Chi-
square test

GWG gestational weight gain

*P < 0.05; **P < 0.01

using SPSS version 14.0 (SPSS, Inc., Chicago, IL, USA). The normality
of the distributions of all variables was assessed using
Kolmogorov-Smirnov tests. Normally distributed data are pre-
sented as mean * standard deviation (SD), and non-normally
distributed data are presented as median and range. Pre-BMI and
GWG were grouped by World Health Organization (WHO)?*® and
American Institute of Medicine (IOM) criteria.*® Differences
between groups were assessed using independent-sample t tests
or Mann-Whitney U tests. Analysis of variance was used to
determine differences in the methylation of CpG sites between
groups. Categorical and rank data are presented as frequencies
and percentages, and differences between groups were deter-
mined using Chi-square (x?) or rank-sum tests. Differences in
genotype and allele frequencies between groups were deter-
mined using x° or Fisher's exact tests. The Hardy-Weinberg
equilibrium (HWE) in the two groups was evaluated and haplotype
tests were performed using the SHEsis software (http://analysis.
bio-x.cn/myAnalysis.php).° Differences in cord blood methylation
levels among G/G, G/A, and A/A genotypes were analyzed by
Tukey's post hoc tests. Correlations were computed using
Spearman correlation analysis. Multivariate logistic regression
analysis was used to evaluate the effects of LEP methylation and
gestational factors on macrosomia, and adjusted odds ratio (AOR)
and 95% confidence interval (Cl) were used to estimate the
relative risk of macrosomia. Two-tailed P values <0.05 were
considered statistically significant.

RESULTS

Baseline data

Maternal and neonatal characteristics are displayed in Table 1. Birth
weight (P <0.001), the proportion of male newborns (P=0.02),
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Fig. 1

Average methylation levels at 33 CpG sites in the leptin promoter region in the cord blood of macrosomia (n = 61) and control (n = 69)

pregnancies. Methylation was determined using the Sequenom MassARRAY. Data were analyzed using post hoc tests. *P < 0.05, **P < 0.01

maternal GWG (P = 0.03), pre-BMI (P =0.007), and gestational age
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group (P<0.05). In the subgroup with pre-BMI <24.9 kg/m?, LEP
promoter methylation levels were significantly lower in the
macrosomia group than in the control group, whereas no
significant differences were found in the subgroup with pre-BMI
>24.9 kg/m?. There was no multicollinearity among the 33 CpG
sites (variance inflation factors of each parameter were <10), and
we further performed multivariate logistic regression analysis on
these sites after controlling for the confounding factors of
neonatal gender, pre-BMI, gestational age, and GWG. We found
that 11 CpG sites (CpG1, 2, 3; CpG11; CpG23, 24, 25; CpG26, 27, 28;
and CpG36) were associated with macrosomia (Fig. 2), suggesting
that low methylation levels increase the risk of macrosomia.

SNP genotypes

Two common SNPs, rs7799039 and rs2167270, which are located
in the LEP promoter region, were chosen to explore whether the
non-GDM macrosomia is associated with LEP genetic variation.
Both the macrosomia and control groups were in HWE. Genotypic
and allelic frequencies of the two groups are shown in
Supplemental Table S2. In the macrosomia group, the frequencies
of wild-type G/G, heterozygous G/A, and homozygous A/A
genotypes were 41, 49, and 10% for rs2167270 and 52, 43, and
5% for rs7799039, respectively. In the control group, the
frequencies of wild-type G/G, heterozygous G/A, and homozygous
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AOR

Fig. 2 Association between the methylation levels of CpG sites in
the leptin (LEP) promoter region and the risk of macrosomia. The
dotted line represents adjusted odds ratio (AOR)=1. Triangles
represent the AOR values of 16 CpG dinucleotides in the LEP
promoter region. Bars represent 95% confidence interval

A/A genotypes were 52, 39, and 9% for rs2167270 and 61, 38, and
1% for rs7799039, respectively. There were no significant group
differences in genotypic or allelic frequencies for either SNP.

We also analyzed methylation levels of the different genotypes.
Because cord blood G/G and G/A genotype methylation levels
were not statistically different (P = 0.77 for rs2167270, P = 0.63 for
rs7799039), the wild-type G/G and heterozygous G/A genotypes
were classified as a single group to test whether the two SNPs
differed in average LEP methylation between groups. For both
SNPs, the G/G+G/A genotypes had lower methylation levels in the
macrosomia group than in the control group (P<0.001; Supple-
mental Figure S2). For rs2167270, there was no group difference in
LEP methylation levels of the homozygous A/A genotype.
For rs7799039, there were only three instances of the homozygous
A/A genotype in the macrosomia group and only one instance in
the control group, making statistical comparison impossible.
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LEP concentration in cord blood

LEP concentration in cord blood was significantly higher in the
macrosomia group (mean: 11.39 ng/ml, range: 2.59-41.37 ng/ml) than
in the control group (mean: 7.27 ng/ml, range: 1.52-46.19 ng/ml;
Z = —3.522, P<0.001; Fig. 3). Newborns were stratified by gender to
further analyze cord blood LEP concentration. Among both males and
females, cord blood LEP concentration was significantly higher in the
macrosomia group (male mean: 9.71 ng/ml, range: 2.95-31.56 ng/ml;
female mean: 15.08 ng/ml, range: 7.14-41.37 ng/ml) than in the
control group (male mean: 5.22 ng/ml, range: 1.52-21.47 ng/ml|,
Z=-3.853, P<0.001; female mean: 10.67 ng/ml, range:
2.28-46.19 ng/ml, Z=—2.555, P=0.011). In addition, in the
macrosomia group, cord blood LEP concentration was significantly
lower in males than in females (Z= —2.731, P = 0.006). We further
analyzed the correlation between LEP average methylation
and LEP concentration but found no significant linear correlation
(rs=—0.027, P=0.766). Also, no significant correlations were
found when data were stratified according to newborn gender,
pre-BMI, gestational age, and GWG.

Comprehensive analysis of risk factors for non-GDM macrosomia
To further explore the association of LEP methylation with
pregnancy-related factors in macrosomia, multivariate logistic
regression analysis was performed with macrosomia as the
dependent variable and newborn gender, gestational age, GWG,
pre-BMI, average cord blood LEP methylation levels, and cord
blood LEP concentration as independent variables. We found that
low cord blood LEP DNA methylation levels (AOR = 2.84, 95% Cl:
1.72-4.17), high pre-BMI (AOR =7.44, 95% Cl: 1.99-27.75), long
gestational age (AOR =3.18, 95% Cl: 1.74-5.79), high cord blood
LEP concentration (AOR=2.25, 95% Cl: 1.34-3.77), and male
newborn gender (AOR=3.91, 95% Cl: 1.31-11.69) significantly
increase the risk of macrosomia (Table 2).

DISCUSSION

The results of our study suggest that low cord blood LEP
methylation levels and high cord blood LEP concentration are
associated with non-GDM macrosomia. Methylation levels at 11
CpG sites (CpG1, 2, 3; CpG11; CpG23, 24, 25; CpG26, 27, 28; and
CpG36) were significantly lower in the macrosomia group than in
the control group. Male newborn gender; lower LEP DNA
methylation levels; and higher pre-BMI, gestational age, GWG,
and LEP concentration synergistically increased the risk of non-
GDM macrosomia. The SNPs rs2167270 and rs7799039 were not
associated with the occurrence of non-GDM macrosomia.

SPRINGERNATURE

Table 2. Results of univariate and multivariate logistic regression
analyses

Crude OR (95% Cl) P #Adjusted OR P

(95% CI)

Gender 2.37 (1.14-4.94) 0.021 3.91 (1.31-11.69) 0.015
Pre-BMI 2.99 (1.27-7.03) 0.012 7.44 (1.99-27.75) 0.003
Gestational age  1.91 (1.28-2.85) 0.001 3.18 (1.74-5.79)  0.000
GWG 2.71 (1.38-5.30) 0.004 2.31(0.99-5.64) 0.067
Average CpG 2.26 (1.12-4.56) 0.023 2.84 (1.72-4.17)  0.000
methylation
Cord blood LEP  1.67 (1.19-2.33) 0.003 2.25(1.34-3.77)  0.002

concentration

BMI body mass index, C/ confidence interval, GWG gestational weight gain,
LEP leptin, OR odds ratio

*Model adjusted for gender, pre-BMI, gestational age, GWG, cord blood LEP
concentration. Average methylation, LEP concentration, and gestational
age were categorized according to the interquartile range. Pre-BMI and
GWG were categorized according to the WHO reference standard and the
IOM standard, respectively

Although no significant differences in average LEP methylation
were found between macrosomia and normal birth weight
pregnancies in our previous experiment using placental tissue,
methylation levels at some CpG sites in the macrosomia group
were significantly higher than those in the control group.”
Importantly, combined with the results of the present study, we
found that methylation at some CpG sites in both placental tissue
and cord blood (i.e., CpG23, 24, 25; CpG26, 27, 28) were associated
with macrosomia. However, in contrast to methylation levels at
these sites in the placenta, cord blood CpG site methylation levels
were significantly lower in the macrosomia group than in the
control group. One explanation may be the different sources of
LEP, as LEP in the placenta is mainly secreted by the placenta to
satisfy maternal and fetal growth needs during pregnancy,
whereas LEP in cord blood originates from both placental and
fetal adipose tissue.>' Thus LEP methylation differences between
the placenta and cord blood could be because the LEP secreted
by the fetus is more sensitive to its content of body fat. In
addition, DNA methylation is tissue specific,’® and the placenta
and cord blood have separate circulatory systems,>® in which LEP
may have different roles.

Previous studies report that SGA newborns have higher cord
blood LEP methylation levels than AGA newborns,'” although an
association between the methylation of CpG sites and birth
weight has not been described. In the present study, we found a
low methylation level in the macrosomia group, consistent with
the finding of a cross-sectional study that newborns whose blood
cells had low LEP methylation levels had higher birth weights."
We also examined 33 CpG sites in the LEP promoter region in cord
blood and found that methylation at 11 CpG sites was associated
with macrosomia, and this pattern was still observed after
adjusting for confounding factors. Most CpG sites associated with
macrosomia were located near the specificity protein 1 (SP1)- or
CCAAT-enhancer binding protein (C/EPB)-binding motifs in the
LEP promoter region. These results are in accord with the
hypothesis by Hogg et al.3* that CpG sites proximal to SP1- or
C/EBP-binding motifs are more sensitive to methylation changes.
However, the mechanism underlying the influence of the CpG
sites on the development of macrosomia requires additional
investigation.

In our previous study, we found that cord blood brain-derived
neurotrophic factor (BDNF) gene expression is downregulated in
macrosomia pregnancies as compared with normal birth weight
pregnancies.”® In the present study, we found that cord blood
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LEP concentration was higher in the macrosomia group and that
an elevated LEP concentration was associated with macrosomia.
However, LEP concentrations were not consistently increased.
This might be due to LEP resistance,®® which might inhibit
the expression of BDNF and in turn affect transmission of
related signals in neurons, resulting in increased energy
intake, reduced consumption, and obesity.>® According to the
epigenetic regulation theory, decreased methylation in the
LEP gene promoter region could promote LEP expression,
resulting in appetite suppression, altered metabolism, and
prevention of obesity. Although we did not find a negative
correlation between LEP concentration and its methylation, it is
possible that a non-linear correlation could exist. As the
contribution of CpG locus methylation status in the gene
promoter region to gene transcription is complicated, the
specific mechanism of the epigenetic regulation of gene
expression requires further study.

We found no differences in the frequency of the A/A
genotype in the two LEP promoter SNPs (rs2167270 and
rs7799039) between the macrosomia and control groups.
Furthermore, we found no differences in the methylation levels
of the A/A genotype. In a study of a Caucasian population,
Lesseur et al.'” found elevated cord blood LEP DNA methylation
levels in SGA newborns and in newborns with the A/A rs2167270
genotype, suggesting that LEP SNPs have different effects in
different populations. Another possible explanation for the
discrepancy between studies is that a larger sample size may
be needed to detect LEP SNPs. Also, other LEP SNPs related to
obesity need to be studied for the association with non-GDM
macrosomia.

When we controlled for newborn gender, gestational age,
GWG, and pre-BMI, there was still a significant difference in LEP
methylation levels between macrosomia and normal birth
weight newborns. Multivariate logistic regression indicated that
LEP methylation, LEP concentration, and pregnancy-related
factors were associated with non-GDM macrosomia, suggesting
that epigenetic and maternal pre-pregnancy and pregnancy
characteristics may influence fetal growth and development.
Nonetheless, the specific molecular mechanisms of the link
between epigenetic and pregnancy-related factors and macro-
somia require further study.

This study has some limitations. As it was a hospital-based
case—control study, not a cross-sectional study, it is difficult to
determine whether cord blood LEP concentration and methyla-
tion occurs before or after macrosomia occurs, so we could not
determine a causal relationship between LEP methylation and
non-GDM macrosomia, and a prospective cohort study needs to
be further investigated. In addition, inherent selection bias likely
existed. However, samples were collected for an entire year to rule
out the effect of time on macrosomia. All participants were
enrolled from the Second Affiliated Hospital of Wenzhou Medical
University. Although only one hospital was included, it was a
comprehensive hospital that serves patients from all 11 counties
in the Wenzhou region. Thus our sample provides a basic
representation of the population of the Wenzhou region in China.
In addition, the study sample size was small, especially for a SNP
study; thus larger samples are required to more fully analyze
associations with non-GDM macrosomia.

CONCLUSIONS

Our results suggest that cord blood LEP methylation levels and
maternal and fetal factors are associated with the occurrence of
non-GDM macrosomia. However, further research is required to
elucidate the mechanisms involved in the development of non-
GDM macrosomia, which is critical for a better understanding of
the origins of health and disease.
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