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Abstract

Objective: Exposure to maternal obesity in utero predisposes offspring to obesity and metabolic disease. This study investigated
whether maternal obesity is associated with alterations in expression of fetal microRNA (miRNA). Study Design: A cohort
study of women with body mass index (BMI) >35 kg/m® (n = 16) versus those with normal BMI 20 to 24.9 (n = 20) was
performed. All participants had normal glucose tolerance (I-hour glucose challenge test <130) and normally grown neonates
(2700-3500 g). Umbilical cord samples were collected immediately after delivery. Expression of miRNA was assessed using
Affymetrix GeneChip miRNA 3.0 Arrays. Differential miRNA expression was determined using Student t tests with
Benjamini-Hocherg correction. Results: For 1733 human mature miRNAs, the expression levels were not statistically differ-
ent in umbilical cord blood samples from pregnancies of obese women compared to controls. Conclusion: Expression of fetal
miRNA is not altered in umbilical cord blood in response to in utero exposure to obesity. Alternate mechanisms underlying the

fetal effects of maternal obesity should be explored.
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Introduction

In the United States, more than one-half of pregnant women are
overweight or obese, putting them at a greater risk of preg-
nancy complications.' In addition to the known maternal risks,
infants born to obese women are at increased risk of prematur-
ity, stillbirth, congenital anomalies, macrosomia with possible
birth injury, and childhood obesity.>” In utero exposure to
maternal obesity may lead to long-term consequences, predis-
posing children to metabolic disease later in life.

Nutritional stress during critical periods of early develop-
ment permanently alters the physiology and metabolism of
an organism, affecting health in later life via a mechanism
known as fetal metabolic programming. Fetal overnutrition
also predisposes offspring to obesity, type 2 diabetes, hyperten-
sion, and cardiovascular disease. Studies of human mother—off-
spring cohorts have demonstrated an association between high
maternal body mass index (BMI) or excessive gestational
weight gain and disrupted childhood metabolism and cardio-
vascular function.*

The mechanisms underlying the fetal effects from maternal
overnutrition are poorly understood, yet several pathways have
been proposed.®’ These mechanisms include altered organ
development, cellular signaling responses, and epigenetic mod-
ifications.®’ Emerging data have revealed that microRNA

(miRNA) controls key cellular processes such as development,
growth, apoptosis and inflammation. MicroRNAs are now
implicated in varied disease states including cancer,'® cardio-
vascular disease,'! obesity,'>'? and type 2 diabetes mellitus,"*
but few studies have investigated the role of miRNA in
pregnancy-related pathology.'”

Recent pregnancy-related studies have demonstrated a
potential role of miRNAs in the pathogenesis of preeclamp-
sia,"®!7 preterm labor,'® and gestational diabetes mellitus."
Although studies have proven the significance of miRNAs in
the pathogenesis of disease and the value of miRNAs as reli-
able biomarkers of disease, there remains a paucity of informa-
tion regarding the role of miRNAs in fetal overnutrition.
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We hypothesized that epigenetic alterations would be pres-
ent in fetuses exposed to an obesogenic in utero environment.
Traditionally, umbilical cord blood has been studied as a reflec-
tion of the fetal state. In the present study, we explored the
expression profiles of miRNA in umbilical cord blood obtained
from obese and nonobese women to determine whether an obe-
sogenic in utero environment is associated with specific altera-
tions in fetal miRNA profiles.

Materials and Methods
Study Design

A cohort study was conducted to examine expression of
miRNA in umbilical cord blood from obese women (n = 16)
and normal weight women (n = 20). This sample size was
selected based on studies of gene expression microarray show-
ing that 10 to 15 replicates yield results that are stable, with lit-
tle increase in stability with increasing sample size.”’ Body
mass index was calculated at first prenatal visit (earliest visit
<22 weeks). Women were categorized based on the World
Health Organization classifications, with normal defined as a
BMI of 20 to 24.9 kg/m2 and obese as a BMI >35 kg/mz.
Women with obesity class II and above were chosen to ensure
that there was a clear phenotypic difference between the nor-
mal weight and obese groups, increasing the possibility of find-
ing a difference in expression of maternal weight-related
miRNA. Women who met the following criteria were included
in the study: age 18 to 45 years, singleton pregnancy, normal
glucose tolerance (1 hour glucose challenge test [GCT] <130
mg/dL), term delivery (37-41 6/7 weeks), and normally grown
neonates (2700-3500 g). Normal birth weight between the 10th
and 90th percentiles at 37 to 41 weeks of gestation were iden-
tified using the Alexander curve.?' To ensure that the effect of
obesity alone was examined independent of glucose intoler-
ance, a threshold of 130 mg/dL was used, which is the lowest
value that has been proposed as a screening cutoff for gesta-
tional diabetes mellitus.*?

Women with comorbid conditions that could independently
affect fetal growth were excluded, including women with
chronic hypertension, preeclampsia, chronic steroid use, dia-
betes, major fetal anomaly, connective tissue disorder requiring
medication, and active HIV or hepatitis C. The study was
approved by the institutional review board of the University
of Pennsylvania. All study participants provided written
informed consent.

RNA Isolation

Umbilical cord blood samples were collected immediately after
delivery, serum was isolated, and samples stored at —80°C until
further use. Cell-free total RNA was isolated from the cord blood
serum, using Qiagen miRNeasy Serum Kits according to the man-
ufacturer’s instructions (Qiagen, Valencia, California). Briefly,
umbilical cord blood cells were lysed, RNA was extracted by phe-
nol/chloroform extraction, followed by silica membrane-based

purification of total RNA. RNA concentration was determined
with the NanoDrop spectrophotometer (NanoDrop 2000 Spectro-
photometer; Nanodrop, Rockland, Delaware).

Microarray Methods and Analyses

Expression of miRNA was determined using Affymetrix
GeneChip miRNA 3.0 Arrays (Affymetrix, Santa Clara,
California) according to the manufacturer’s instructions.
Briefly, the FlashTag Biotin HSR RNA (Affymetrix, Santa
Clara, California) labeling procedure was used to label total
RNA. This involves a brief tailing reaction followed by liga-
tion of the biotinylated signal molecule to the target RNA
sample. The labeled samples were hybridized to the Affyme-
trix GeneChip miRNA 3.0 array and scanned according to
the manufacturer’s instructions. Hybridization images were
then scanned and digitized with the Genechip Scanner 3000
(Affymetrix). The normalized signal intensity was log2 trans-
formed, and data analysis was performed with the Partek 6.6
Genomic Suite software (Copywrite; Partek Inc, St. Louis,
Missouri). Differential miRNA expression was determined
using Student’s ¢ test with Benjamini-Hocherg (BH) correc-
tion. The Affymetrix GeneChip miRNA 3.0 array contains 19
724 total mature miRNA probe sets, representing 153 organisms.
We focused our analysis to the 1733 human mature miRNAs on
the arrays, given that these were most relevant to our study of
human fetal umbilical cord blood. MicroRNAs associated with
absolute Z-scores >2 or BH < .05 were considered significant.
Global sample variation was assessed by principal components
analysis.

Statistical Analysis

For demographic data and clinical characteristics, statistical
analyses were performed using Stata version 10.1 (StataCorp
LP, College Station, Texas). Categorical data were compared
using chi-square tests. Means and medians of continuous data
were compared using Student ¢ tests and Wilcoxon rank-sum
tests, as indicated.

Results

Maternal characteristics including age, GCT value, delivery
mode, and smoking status were similar between the groups
(Table 1). The mean BMI at the first prenatal visit prior to
22 weeks, “First BMI,” was 22.8 kg/m? for the normal weight
group, while mean BMI at first prenatal visit was 41.9 kg/m?
for the obese group. The median gestational age at first prenatal
visit was similar between cases (9.4 weeks) and controls (9.7
weeks). Normal weight women gained significantly more
weight than their obese counterparts. However, the mean
weight gain of both groups was within the Institute of Medicine
(IOM) recommendations, based on their initial BMIL.?*> Neona-
tal characteristics, including infant birth weight, gestational age
at delivery, and gender, were also similar between the groups
(Table 1).
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Table 1. Demographics and Clinical Characteristics.>®

Normal BMI Obese

Variable (n =20) (n=16) P
Race .04

Black 8 (40) 14 (87.5)

White 7 (35) 1 (6.3)

Asian 3(15) 0

Latina 1 (5) 0

Other I (5) 1 (6.3)
Age, years 265 + 58 25.6 + 3.9 .61
Tobacco use, n (%) 3 (15) 3(18.8) .76

Prepregnancy BMI,

22.7 (20.6-23.9)
kg/m?

37.1 (34.1-46.9) <.001

First BMI, kg/m? 228 + 1.6 419 + 64 <.001

Gestational age at 9.7 (8.2-11.3) 94 (79-134) 91
first visit, weeks

Last BMI, kg/m? 288 + 3.1 452 + 6.8 <.001

Weight gain, kg 155 + 5.7 87 + 63 .002

Infant birth weight, g 3204.7 + 185.6 31785 + 159.1 .66

| hour GCT, mg/dL 909 + 194 993 + 16.2 .18

Gestational age at 40 + 1.2 393 + 09 .04
delivery, weeks

Female infant, n (%) 12 (60) Il (68.75) .59

Cesarean delivery, 6 (30) 4 (25) 74

n (%)

Abbreviations: BMI, body mass index; GCT, glucose challenge test.

2P values were determined by chi-square test (categorical data) and appropriate
comparisons of means and medians using t test (for parametric continuous
data) and Wilcoxon rank-sum test (for nonparametric continuous data).
®Data are n (%), median (IQR), or mean + standard deviation.

Among the 1733 human mature miRNAs screened by the
miRNA microarray, there were no differences in expression
between the 2 groups. Principal components analysis demon-
strates that the global miRNA expression profiles were overall
similar among all samples (Figure 1). Samples were regrouped
by maternal weight gain, first pregnancy BMI, last pregnancy
BMI, delivery mode, fetal gender, and race, and there remained
no significant differences in expression of miRNA between
the groups.

Comment

This study was performed to discover differences in the expres-
sion of miRNA in the umbilical cord of fetuses born to obese
women compared to those of women with normal weight, in
order to elucidate molecular changes in the fetus related to
maternal obesity in the absence of maternal diabetes or other sig-
nificant comorbidities. We found that expression of umbilical
cord miRNA was not statistically different in pregnancies of
obese women compared with those of normal weight women.
A few studies have investigated the role of miRNA in fetal
states of malnutrition in humans. Differential miRNA expression
has been described in the placenta from pregnancies complicated
by fetal growth restriction.”* Published human studies have not
investigated an association with a maternal obesogenic environ-
ment on expression of miRNA, but several animal studies have

2

Figure 1. Principal component analysis plot for expression of
microRNA (miRNA) in umbilical cord blood. Red spheres represent
controls with normal maternal BMI (BMI 20-24.9 at first prenatal
visit). Blue spheres represent cases with maternal obesity BMI (BMI
> 35 kg/m? at first prenatal visit). BMI indicates body mass index.
(The color version of this figure is available in the online version at
http://rs.sagepub.com/.)

explored this association. Animal studies have investigated
organ-specific changes in the miRNA profile of offspring after
exposure to maternal obesity, including miRNA isolated from
baboon hearts,?> sheep livers,*® and sheep muscle miRNA.*’

In contrast to these studies, which have demonstrated miRNA
changes in relation to a maternal obesogenic environment, our
study did not find such differences in umbilical cord blood sam-
ples. Our negative findings may be accounted for by the isolation
of miRNA from umbilical cord blood rather than directly from the
fetal organs which may be involved in metabolic programming,
such as the liver or pancreas. Additionally, the state of obesity
in animal models is inherently different from obesity in the human
pregnancy as it is largely defined by a controlled diet.

It is also plausible that changes in the miRNA profile occur
earlier in pregnancy and are not evident at term. It is well
known that there is likely a temporal nature to fetal program-
ming, since the developing organism passes through multiple
critical periods of development at different stages, and the vul-
nerability of organ systems to certain insults differs according
to its stage of development at the time.

Finally, our findings might merely indicate that maternal
obesity alone does not significantly alter miRNA profile in the
fetus and hence, this epigenetic modification is not a key
mechanism in adverse outcomes in offspring born from obese
mothers. Recent studies suggest an alternative pathway of
altered DNA methylation in umbilical cord blood associated
with maternal obesity.”®*° Alterations in methylation of his-
tones and chromatin remodeling are also being investigated
as epigenetic contributors to fetal metabolic programming.*’
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Our study has several notable strengths. We carefully
selected an obese population without key confounders, such
as glucose intolerance, hypertensive disorders, and fetal growth
disturbance. This study design allowed us to study the effects of
obesity alone. Although we consider this is a strength of our
study, we recognize that excluding other aspects of the meta-
bolic syndrome may have selected an obese population without
sufficient metabolic changes to alter expression of miRNA.
Although some of these comorbidities may have a greater con-
tribution to fetal programming than obesity in isolation, we
thought it was prudent to first determine a possible effect of
maternal obesity on expression of miRNA. The effect of
comorbidities on expression of miRNA and neonatal outcomes
would require further research. For such a discovery study, our
sample size was sufficient based on studies of gene expression
microarray showing that 10 to 15 replicates yield results that
are quite stable, and there is less improvement in stability as the
number of replicates is further increased.?® An increase in sam-
ple numbers would unlikely alter our findings.

There are noted limitations to this study. We performed a
discovery study and not an investigation on focused molecular
pathways. However, since so little is known regarding miRNA
and fetal programming in the setting of maternal obesity, a dis-
covery study seemed more appropriate. Although we hypothe-
sized that umbilical cord blood would best represent the fetal
response to maternal obesity, miRNA profiling in specific tis-
sues might be more revealing as to an effect from maternal
obesity. This type of investigation is not possible in human
pregnancy. Traditionally, umbilical cord blood has been used
in research to reflect the fetal state and is a feasible human
biospecimen.

In terms of defining obesity, we used recorded BMI at first
prenatal visit to select cases of obesity because prepregnancy
weight was self-reported, which has lead to misclassification
bias in prior studies.®’ A majority of patients in our study pre-
sented for prenatal care in the first trimester, so the initial
recorded BMI likely accurately reflects their classification prior
to weight gain from pregnancy. However, pre-pregnancy BMI
may be a better indicator of an obesogenic environment.
Additionally, maternal diet or weight gain may have a greater
effect on fetal programming than obesity alone. To explore
this, we did regroup the samples by maternal pregnancy
weight gain but did not find differences in the expression
of miRNA between the groups. However, the mean preg-
nancy weight gain in both the groups was within the IOM
recommendations. To assess maternal diet and miRNA pro-
filing, a more intense study would be required that was
beyond the scope of this work.

Our study suggests that the fetal changes in obesogenic
pregnancies are unlikely to be caused by alterations in expres-
sion of fetal miRNA at term. Future research should investigate
miRNA changes in other tissues, such as the placenta. Addi-
tionally, human cohorts with differences in maternal weight
gain, maternal diet, or fetal growth disturbance should be
investigated. Further investigation is needed to understand the
mechanisms underlying the fetal molecular pathways in states

of overnutrition, as these processes are known to have far-
reaching effects on the health of future generations.
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