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Background

e Fetal growth in utero is affected by genetic predisposition &
environmental factors

* Infants born IUGR (intrauterine growth restriction), SGA (small
for gestational age) and LGA (large for gestational age) are at
risk for both short term and long term sequelae
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Fetal growth in utero is affected by inherent genetic predisposition in combination with environmental factors, such as maternal health and nutrition. Intrauterine growth restriction (IUGR) is a poorly understood complication of pregnancy, defined as growth <10% for gestational age with evidence of growth deceleration in utero (POINTER). It affects 3-10% of pregnancies. LGA is defined as birthweight greater than the 90% for gestational age (POINTER). In the short term, IUGR and LGA infants are both at increased risk for short-term morbidity and mortality.


Long-term sequelae of SGA, [UGR and LGA

Suboptimal maternal-fetal nutritional enviroment
Maternal nutrient restriction, gestational diabetes, maternal obesity

Cellular energy metabolism
Glucose handling, lipid metabolism, mitochondrial biogenesis
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In addition, epidemiologic data in both IUGR and LGA infants shows that these babies are at increased risk for cardiovascular and metabolic disease in adulthood. In IUGR and LGA both, environmental input such as altered maternal nutrition affects the balance between nutrient demand and supply. This imbalance leads to reprogramming of regulatory processes such as vascular function (CLICK), glucose processing (CLICK), and altered body composition (CLICK) during a critical period of organogenesis, which in adulthood, manifests as cardiovascular disease and the development of diabetes (CLICK).


The role of the placenta in developmental

programming of disease

Maternal body
Maternal composition
environment

Maternal endocrinology

Maternal diet

Maternal metabolism

PLACENTA

Nutrient transport
Hormone synthesis/degradation
Vascular resistance

Fetal responses to maternal environment
Epigenetic modification of gene expression
Blood flow redistribution
Altered pattern of fetal growth
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The placenta is the interface between maternal input and fetal cells, mediating nutrient transport, hormone synthesis and regulation of blood flow.  Developmental programming is the process by which these inputs confer risk for future adult disease. Therefore the placenta is uniquely suited to study the interaction between genetic predisposition and the intrauterine environment, as it relates to developmental programming


Epigenetics

O- Unmethylated
. Methylated

Gene Expression

CpG Island Gene

Gene Expression Repressed

CpG Island Gene —

Epigenetics refers to heritable, reversible forms of gene
modification that function independently of the DNA sequence.
DNA methylation is an example of epigenetic modification, in
which patterns of methylation of DNA nucleotides can modify gene
expression.
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Beyond the code laid out by your DNA sequences and genetics, there is another layer of control that can dictate which genes are activated or silenced. Epigenetics are heritable, reversible forms of gene modification that function independently of the DNA sequence. (CLICK) DNA methylation is one form of epigenetic modification in which a methyl group can be added onto DNA nucleotides, usually within CpG islands, in such a way that modifies gene expression.


(1) To investigate the association of newborn
anthropometry (IUGR or LGA) on changes in
placental DNA methylation and gene expression

(2) To identify novel clinically relevant pathways that
may be involved in the developmental
programming of cardiovascular and metabolic
disease in humans

(3) To validate the functional importance of identified
pathways in an animal model
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Our objectives are to…. 


Human placental samples (>37 wks GA)
n: IUGR=6, AGA=6, LGA=5

DNA isolated

Reduced Representation Bisulfite Sequencing

Data analysis/Pathway analysis
Gene expression validation by QT-PCR
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To complete these objectives, we obtained human placental samples taken at term resulting in AGA, IUGR, and LGA fetuses. We then isolated genomic DNA, and performed reduced representation bisulfite sequencing to analyze genomic wide methylation profiles. We then analyzed our data, and performed gene expression validation by QT-PRC.


DNA methylation profiling (RRBS)

Genomics DNA

I gl [or cach sample:

- 46M reads with mapability of
~56% and sequencing depth of
13.3X

- Provides estimation of
methylation level from O
(unmethylated) to 100 (fully
methylated) on ~3.6M CpG
sites enriched in CpG islands
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Reduced representation bisulfite sequencing is an efficient and high-throughput technique to analyze genome-wide methylation profiles on a single nucleotide level. This technique was developed to reduce the amount of nucleotides needing to be sequenced to 1% of the genome. The fragments that comprise the reduced genome include the majority of promoters and regulatory regions. (CLICK) The first step involves enzyme digestion of genomic DNA using a methylation-insensitive restriction enzyme (usually Mspl), which cleaves phosphodiester bonds upstream of CpG dinucleotides. (CLICK) End repair and A-tailing  are then necessary to fill in the 3’ terminal ends of DNA strands. Methylated oligonucleotides are ligated to the fragments to allow hybridization to the adapters on the flow cells of the sequencers. (CLICK) Fragments of 40-220 base pairs are selected and separated using gel elctrophoresis and excision. The fragments are then bisulfite converted, with is a process that deaminates unmethylated cytosine into a uracil. (CLICK) DNA is then amplified, purified, and sequenced. (CLICK) Software is used to align sequences to a reference genome and analyze the data. For our data set, RRBS provided 46M reads with a mapability of ~56% and sequencing depth of 13.3X for each sample, which was appropriate for our data set. In total, we estimated methylation level on almost 3.6 million CpG sites enriched within CpG islands.


Global methylation levels
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Placentas from pregnancies associated with IUGR are hypermethylated
compared to AGA fetuses, and placentas associated with LGA are
hypomethylated compared to pregnancies resulting in IUGR fetuses.
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Onto our results - We began by comparing the bulk methylation level of the placenta from different birthweight groups. This figure shows baseline methylation levels across the genome (POITNER). Overall, the CpG methylation level is around 50% in the placenta, IUGR is slightly more methylated than the AGA group, as shown by the green line, then LGA, as shown by the red line. The blue line shows LGA is much less methylated than IUGR, but all differences fall within 2%. Interestingly, these differences are observed across the genome, suggesting a global effect. 


Differentially methylated regions
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(Left) Methylation patterns of DMR show unique
signatures for each birthweight group.

(Above) In general, DMRs are more abundant in
promoters and 3" UTR and depleted in coding
regions and intergenic regions.
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We then performed genome wide screening for differentially methylated regions in order to pinpoint the genomic regions that are susceptible to changes in the intrauterine environment resulting in changes in fetal growth. Differentially methylated regions were considered significantly different if mean methylation between groups differed by at least 20%. We found that the methylation patterns of DMRs show unique signatures of methylation for each birthweight group, as demonstrated in this heatmap in the left panel. Based on methylation signatures across the genome, placental samples can be precisely categorized into their birthweight groups. (CLICK) In general, differentially methylated groups were found to be more abundant in promoters and 3UTR , and depleted from coding regions and intergenic regions.


Differentially methylated genes

Table 2. Diffi nd the enriched gene networks

Comparison #Differentiall op Major Networks [Significance score = -logl0(F value]]
Methylated
Genes
Control vs. IUG 191 Cell-to-cell signaling and interaction, cellular assembly and organization, nervous system
development and function [52)
Connective tissue disorders, dermatological diseases and conditions, hereditary disorder (37)
Cell-to-cell signaling and interaction, cellular assembly and organization, nervous system
development and function [37)
Lipid metabolism, small molecule biochemistry, Cell-to-cell signaling and interaction, cellular
assembly and organization, nervous system development and function (33)

Cardiac hypoplasia, cardiovascular disease, developmental disorder (32)

Control vs. LG Connective tissue disorders, dermatological diseases and conditions, hereditary disorder [38)
Cancer, organismal injury and abnormalities, reproductive system disease (37)
Connective tissue development and function, embryonic development, organ development (32)
Connective tissue disorders, inflammatory disease, skeletal and muscular disorders [32)
Cellular assembly and organization, cellular function and maintenance, cell death and survival
(32)

IUGR vs. LGA Cell morphology, cellular assembly and organization, cancer [(42)
Neurological disease, cell morphology, organisomal injury and abnormalities [33)
Nervous system development and function, tissue morphology, embryonic development (31)
Connective tissue disorders, dermatological diseases and conditions, behavior [31)
Small molecule biochemistry, cancer, neurological disease [31)

We identified 1015, 906, and 1022 DMRs, corresponding to 191, 171, and 172
genes that show clear differential methylation in comparisons between AGA
versus [UGR, AGA versus LGA, and IUGR versus LGA.



Presenter
Presentation Notes
We identified approximately 1000 DMRs corresponding to almost 200 genes that show clear differential methylation in AGA versus IUGR, AGA vs LGA and IUGR vs LGA comparisons.  Pathway analysis found that these genes act within processes important to cell-to-cell signaling, lipid metabolism, cardiovascular disease, and inflammatory disease are all affected.


Covariance analysis

—tH—+—— HH
SLC36AT T

100-
y = -0.000x + 1.081

y = -0.036x + 2.368
r=-0.578 r=-0.533

= -0.648

-
04 0-

2000 2500 3000 3500 4000 4500 5000

46 48 50 52 54 56 58 60 46 48 50 52 54 56 58 60
Length (cm) Length (cm) Weight (g)

y =-0.036x + 2.319
r

o
g

o
@
el

B
'S
&

N
g

1]
% CG Methylation

% CG Methylation

=
2

)
=

-
s
Q
=
O
L")
X

To identify specific loci whose methylation level shows a strong
association with offspring anthropometrics, we calculated
covariance between methylation levels at each cytosine and
the selected phenotype from each sample.
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To identify specific loci where methylation status shows a linear association with changes in neonatal anthropometric measurements, we performed analysis of covariance. As an example panel A and B show the covariance between methylation status at  CpG sites within two genes that have high linear correlation with either length or weight.


Risk for adult metabolic and
cardiovascular disease
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Within the genes found with interesting DMR patterns or high covariance with phenotypes, we screened for genes known to have clinical relevance to risk for cardiovascular and metabolic disease, and validated that altered methylation patterns in these genes resulted in altered gene expression. In panel A, SLC36A1 is a gene encoding a member of proton-assisted amino acid transporters, important in promoting normal growth. Various studies have shown crosstalk between glucose and gat processing pathways and this gene. We observed differential methylation in the LGA group compared to controls. PTPRN2 is an auto-antigen in insulin-dependent diabetes. We found 12 DMR within the genebody with variable hyper/hypomethylation patterns in LGA and IUGR. CasZ1 is a transcription factor that may function as a tumor suppressor. Single nucleotide polymorphisms in these gene have been associated with blood pressure variation in GWAS. We found hypermethylation in IUGR compared to LGA. IL10 is an important cytokine that promotes immune tolerance in pregnancy and low levels have been associated with preeclampsia, IUGR and recurrent miscarriage. In addition, in animal models, treatment with IL10 has been shown to mitigate elevated BP in pregnancy models. Both LGA and IUGR groups were hypermethylated within the last exon, compared to AGA.


Validation of gene expression
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We then performed RT-PCR to validate that changes in methylation patterns of these genes resulted in changes in gene expression. The altered gene levels seen were the expected increase or decrease in expression based on the patterns of hyper or hypo methylation of each gene.


IL-10 deficiency

Hypoxia
Bacterial and viral infection
Inflammation triggers

Anti-inflammation Pro-inflammation

10-4, IL-B, 1L-30, 1L-11, I-13 Thi?, NEGZD
\FM-ce, TGF-B, G-CSF MF-.B, THF-x, i1, 106, IL-12

Unscheduled inflammation |

Placental ER Stress | Inflammation | Anti-angiogenic Factors Apnptnsis

Immune Tolerance | Vascular Remodeling |

Fetal loss | Preterm Birth | IUGR  Preeclampsia I

IL10 is a potent anti-inflammatory cytokine that acts as a pleitropic
regulator of immune tolerance in pregnancy.
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Based on findings presented here, we focused on elucidating the role of IL-10 in placental insufficiency using an animal model of IUGR. We focus on IL-10 because it has not only been shown to be dysregulated in several pathologic conditions of pregnancy such as preterm birth, miscarriage, preeclampsia and IUGR, but is has also been shown to be altered in adult hypertensive disease outside of pregnancy. In animal models, treatment with recombinant IL-10 alleviates adverse pregnancy outcomes. But in humans, trials of IL-10 therapy has not been successful to date. As IL-10 is a pleitropic modulator of pregnancy, closer inspection of the pathways through which IL-10 exerts its anti-inflammatory effect may provide insight into the mechanisms of vascular remodeling seen in both placental insufficiency and in hypertension. We have begun to study how IL-10 affects placental cellular maintenance via autophagy, ER stress, and vascular protection.


Animal model of IUGR resulting from
maternal caloric restriction
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Maternal caloric restriction results in intrauterine growth restricted pups.
The placenta of these pups demonstrate degenerative vascular and
trophoblastic changes.
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In our animal model of IUGR resulting from maternal caloric restriction, we exposure pregnant mice to mild and moderate caloric restriction, respectively 25% and 50% food restriction from mid-gestation onwards. This results in a significant decrease in embryo weight at d19 of pregnancy. (CLICK) In addition, we have demonstrated degenerative vascular and trophoblastic changes by immunohistochemistry staining. The cellular changes seen may be the result of imbalance in cellular maintenance processes like autophagy and ER resulting from poor nutrient provision.


RNA sequencing and validation

AUTOPHAGY ER STRESS VASCULAR INFLAMMATION
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In this animal model, we have validated that IL-10 levels are significantly lowered in placentas associated with calorie restriction, compared to controls. By RNA seq, we have identified several other genes important in autophagy, ER stress, and vascular inflammation that are altered in CR mice. Our future studies will focus on these identified genes to establish causal relationships between alterations in these pathways and vascular and trophoblast remodeling and insufficiency in IUGR.


Conclusions

1. Placental hypermethylation is seen in pregnancies
associated with human IUGR, and relative placental

hypomethylation seen in preghancies associated with
LGA infants.

2. There are a number of genes important in
cardiovascular, metabolic, and immunologic pathways
that demonstrate differential methylation patterns
based on neonatal anthropometrics.

3. Patterns of DNA methylation are associated with
altered gene expression.
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In conclusion, global changes in methylation can be seen in pregnancies associated with IUGR and LGA infants compared to AGA infants. Based on analysis of differentially methylated regions and covariance, there are a number of genes important in cardiovascular, metabolic and immunologic pathways that demonstrate differential methylation patterns based on neonatal anthropometrics. In selected genes, patterns of DNA methylation are associated with expected changes in gene expression, supporting functional implications of methylation changes.


Discussion and Future Directions

e Discovery-based studies on epigenetic mechanisms
such as this provides a gateway to identify
mechanisms critical to the developmental
programming of adult disease in IUGR and LGA infants.

e Future studies are planned in our animal model to
establish causal relationships between alterations in
pathways regulated by IL10 and vascular and
trophoblast remodeling and placental insufficiency in
IJUGR.
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While the mechanisms of developmental programming of adult disease are still understood, our study uses the placenta to study the interaction between genetic predisition and environmental factors resulting in altered fetal growth. Discovery-based studies such as this both validate pathways known to potentially contribute to adult cardiovasular or metbaolic disease, but also to uncover potentially novel mechanisms for the programming of adult disease. We plan to utilize our animal model of IUGR to elucidate mechanisms of these novel pathways regulated by IL10 which may contribute to vascular and trophoblast remodeling in placental insufficiency.
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