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Metabolomics in Prenatal Medicine: The Sardinian Experience
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ABSTRACT

In recent years, the holistic view is becoming the dominant perspective for the resolution of medical issues. Metabolomic approaches offer
new opportunities to enhance our understanding of fetal biology and the multifactorial impact of perinatal diseases. Although metabolomics
in maternal-fetal biology is increasing, it is not yet widely applied in perinatal medicine. Our group has been at the forefront of applying these
powerful approaches to understanding pregnancy and fetoplacental development. This review shows our experience about metabolomics
studies utilizing chorionic villus and amniocentesis samples obtained in our busy prenatal diagnostic center in Cagliari, Sardinia. The findings
suggest that metabolomic approach in perinatal medicine could be helpful in establishing placental/fetal maturity, diagnosing aneuploidy,
or identifying early placental dysfunction. Although omics approaches and the network analysis in perinatal physiology hold promise for a
new generation of prenatal biomarkers and potential therapeutics, further investigation is need to improve our knowledge and our ability to

diagnose and treat diseases of pregnancy.

Keywords: Amniocentesis, Beta-thalassemia, Congenital malformations, Metabolomics, Nuchal translucency, Perinatal medicine, Transabdominal

chorionic villus sampling.

Donald School Journal of Ultrasound in Obstetrics and Gynecology (2020): 10.5005/jp-journals-10009-1670

“Omics” approaches have revolutionized many areas of biomedical
research and enhanced our understanding of complex physiology
and pathology."? Metabolomics in particular offers extraordinary
opportunity for biomarker discovery through network analysis,
including for pregnancy disorders. Although metabolomics in
maternal-fetal biology is increasing, it is not yet widely applied
in perinatal medicine.>* Our group has been at the forefront of
applying these powerful approaches to understanding pregnancy
and fetoplacental development.

Dynamic interactions among the fetus, the placenta, and the
mother have been characterized by metabolite studies in various
reports since the 1960s.>® Readily accessible maternal and fetal
samples of blood, urine, vaginal secretions, amniotic fluid, cord
blood, and placenta enabled investigation of complex maternal-
fetal physiology, but metabolite assays and statistical approaches
were rudimentary. Nonetheless, several publications highlighted
correlations between biomarkers in these compartments and
pregnancy complications such as fetal malformations, preterm
labor, premature rupture of membranes, preeclampsia, and
gestational diabetes mellitus.”"" However, metabolomics offers a far
more powerful method, tracking many biomarkers simultaneously
in a single experiment and identifying changes in whole pathways
or networks of pathways, thus emphasizing physiologic and clinical
findings that may more rapidly explain the underlying biology.'

Compared with traditional biochemical assays and single
metabolite approaches, metabolomics may yield more rapid
progress.

Here, we report our metabolomics studies' in three separate
prenatal investigations utilizing chorionic villus sampling and
amniocentesis samples obtained in our busy prenatal diagnostic
center'*6 (Fig. 1).

In our first study, we used metabolomics to characterize
first-trimester placentae obtained by transabdominal chorionic
villus sampling (TA-CVS)."” The CVS specimens are an ideal source
for these studies as they can be obtained from the undisturbed,
sterile placenta at an early time point in pregnancy (in contrast
to placental tissue obtained from term birth, miscarriage, or
termination). We obtained both normal and aneuploid placentae.
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Normal controls included women with advanced maternal age
above 35 years as their only indication for TA-CVS and euploid
fetal karyotype. Aneuploid cases included fetuses with trisomy 21,
trisomy 18, and trisomy 13 confirmed by cytogenetics. We extracted
the CVS tissue and performed nuclear magnetic resonance
(NMR), gas chromatography-mass spectrometry (GC-MS), and
high-performance liquid chromatography (HPLC) analyzes. In the
multivariate statistical analysis, we found significant correlations
between the metabolic profile of normal euploid fetuses and their
crown-rump length (CRL). Particularly, myoinositol and inositol levels
correlated linearly with CRL, suggesting a developmental role in
early pregnancy and possible involvement in glucose homeostasis,
which has been reported by others.'® We also identified correlations
between CRL and increased levels of glutamine, citrate, glycerol,
dehydroascorbic acid, and ribitol, and decreased levels of xylitol,
1,5-anydro-D-sorbitol, D-fructose, and D-mannose. These findings
suggested the crucial role of the energetic and polyols pathways
that, interestingly, we observed as fundamental also in the following

©TheAuthor(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.



Metabolomics in Prenatal Medicine: The Sardinian Experience

Biological samples

Baseline
correction

/ Feat%
peak detection matrix
signal alignment —

f Data \ = ==

normalization = =%

acquisition deconvulation = & .
C DR
g P Spectral
wlom = processing

—

)

.

Biomarker
evaluation
\_ J
Biological
interpretation

Statistical
analysis

—

Fig. 1: Metabolomics approach on chorionic villous sampling and amniocentesis

analysis. Indeed, next we compared the metabolome of the
euploid and aneuploid specimens at matched gestational ages.
We identified a unique metabolic signature in the aneuploid CVS
tissue, with prominent differences in energy metabolic pathways
such as glycolysis and gluconeogenesis, the pentose phosphate
pathway (PPP), pyruvate metabolism, and the tricarboxylic acid
cycle. Moreover, polyol pathways appeared to be excessively
activated in the aneuploid placenta, perhaps indicating increased
oxidative stress. Indeed, when we compared aminothiol levels, the
aneuploid tissue showed decreased antioxidant glutathione and
increased dehydroascorbic acid.

These findings may suggest that metabolomic study of TA-CVS
samples could be helpful in establishing placental/fetal maturity,
diagnosing aneuploidy, or identifying early placental dysfunction
(e.g., risk for fetal growth restriction in otherwise normal fetuses).

Our second study of prenatal metabolomics expanded on
the findings above by examining metabolic changes in relation
to fetal nuchal translucency (NT) measurement.'”” The NT
measurement in the first trimester from 11 to 14 weeks’ gestational
age in combination with maternal blood hormone screening is
highly effective in identifying abnormal fetuses. The presence
of a thickened NT increases the risk of fetal aneuploidy, genetic
syndrome, congenital infection, and anatomic malformation.20-2
However, thickened NT is not inherently pathological as it is
found in some normal fetuses. This may mean that several
different mechanisms may produce this sonographic marker, and
metabolomicinvestigation could help identify unique underlying
pathogenic processes. We collected amniotic fluid samples (AFS)
from 16 to 18 weeks of gestation from women with the only
indication of advanced maternal age above 35 years and women
diagnosed with increased NT greater than the 95th percentile
during first trimester screening. We excluded fetuses with
abnormal karyotype or structural anomalies. Comparing control
and increased NT AFS groups showed significant differences by
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NMR profiling and the HPLC aminothiol analysis. The most altered
pathways in the increased NT group involved alanine, aspartate,
glutamate, nitrogen, arginine, pyruvate, and proline metabolism.
Glycolysis and gluconeogenesis were also abnormal in the
increased NT fetuses. These findings imply increased glycolysis
in otherwise normal fetuses with increased NT compared with
gestational age-matched controls. Those fetuses persistently
maintained glycolytic pathways as their primary energy source.
Moreover, increased lactate and decreased antioxidant metabolites
in the increased NT fetuses suggests increased oxidative stress,
which was confirmed by decreased levels of GSH and ascorbic acid.
These findings may have importantimplications for developmental
changes in fetuses with increased NT and perhaps altered fetal
programming leading to future health effects.

In our third perinatal metabolomics study, we evaluated
metabolic changes in a cohort of pregnancies affected by
B-thalassemia.?® In early gestation, phenotypic and genetic
heterogeneity create challenges in the 3-thalassemia assessment.
Pathologic or environmental stressors can influence gene expression
and may have widespread effects on metabolic markers. Therefore,
we compared the CVS metabolome of three groups of fetuses using
GC-MS: homozygous 3-thalassemia, heterozygous {3-thalassemia,
and unaffected normal. Statistical comparisons demonstrated
significant differences between the controls and of both the
B-thalassemia groups, but surprisingly there was no difference
between the heterozygous and homozygous -thalassemia
fetuses. We identified a specific “metabolic fingerprint” for
each group, showing that the most abnormal pathways in the
homozygotes involved arachidonate, glutamine and glutamate,
alanine and aspartate, PPP, glycolysis, and gluconeogenesis.
Altered PPP in B-thalassemia suggests high cellular demand for
ribose 5-phosphate (for nucleotide synthesis and embryonic
development) and nicotinamide adenine dinucleotide phosphate
production (for antioxidant maintenance). Oxidative stress is an
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important mechanism for 3-thalassemia pathophysiology, so
changes associated with oxidation and cellular redox protection
are not surprising.

As illustrated by the three reports described above, omics
approaches and network analysis in perinatal physiology hold
promise for a new generation of prenatal biomarkers and potential
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