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Abstract . Among developed countries, Japan exhibits by far the highest rate of low-birth-

weight infants and the number is still on the increase. It is believed that this is mainly due to the
poor nutritional status of Japanese mothers. The fact that the exposure to malnutrition during the
embryonic period will form predisposition to lifestyle-related disorders such as type 2 diabetes
mellitus in adulthood has been well established and is well known as the “ developmental origins
of health and disease (DOHaD) ” hypothesis. The molecular mechanisms of this hypothesis are
largely unknown, although epigenetic changes in response to malnutrition, especially deficient
“one carbon metabolism”, are supposed to be involved. In this study, we aimed to elucidate the

impact of maternal nutritional status on epigenetic status of both mothers and the offspring.

The study originally consisted two parts: A “the analysis of the impact of maternal nutrition
status on epigenetic status of maternal blood, placenta and umbilical blood”, and B “the analysis of
relationship between maternal nutrition and physical and psychological development of the
offspring”. According to the advisory board’s suggestions, we mainly focused on the project A, and
here we report the results of that part.

After approval of this project by institutional ethical boards, a couple of hospitals stepped down,
mainly due to the lack of clinical staffs or the overload of the hospital work. We can take some
lessons from these unfortunate decisions, since they reflected the hard situation obstetric clinics
are facing today, which may also contribute, at least in part, to the unfavorable nutritional status
of pregnant women in Japan. We started enrollment of pregnant subjects from NCGM hospitals
and two specialized obstetric hospitals (Sagamino Hospital in Sagammihara city and Tatedebari
Sato Hospital in Takasaki city) in collaboration with Waseda University.

Blood samples were collected at 12, 30, 40 weeks (delivery) during pregnancy and one month
after delivery. The comprehensive analysis of maternal nutrients was performed in collaboration
with distinguished analyzing companies. Detailed information on their lifestyle, especially the
energy and nutritional intake, were collected by questionnaires called DHQ-L and well-trained
dieticians at the outpatient clinic. Genomic DNA was drawn from maternal peripheral blood,
placenta, umbilical cord and umbilical cord blood, and were subjected to genetic (SNP) and
epigenetic (DNA methylation) analyses.

By the end of May 2014, about 180 subjects were enrolled and 95 delivered babies, among whom

7.4% were low-birth-weight infants: the ratio was not as high as the average of the whole nation,
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but it was still much higher than other countries and should be a great concern taking that only
well-equipped hospitals were involved in this project.

Daily energy intake estimated from questionnaires was 1,594kcal, 1,697kcal, and 1,697kcal on
average for the first, the second and the third trimester, respectively, which revealed significant
calorie deficiency, since the intake of 2,200~2,500kcal is generally recommended for pregnant
women. Although most of the subjects took only limited amount of folate from food, about 60% of
them took folate supplements.

We also measured nutrient concentration in maternal peripheral blood and umbilical cord blood.
Folate is a critical substance in one carbon metabolism, and its deficiency during pregnancy has
been well known to increase risk for spina bifida and other unfavorable outcomes of the infant. In
our panel, about 30% of the subjects in their early period of pregnancy showed blood folate lower
than 10ng/mL, the desirable value during gestation, and exhibited even lower levels toward
delivery. On the other hand, folate levels in umbilical cord blood were above 10ng/mL in most of
the subjects, although we do not have clear explanation for it.

We also measured other nutrients. Only a few mothers showed hyperhomocysteinemia in
peripheral blood; however, some exhibited increased levels of homocysteine in umbilical cord blood.
We are now investigating whether this is due to some active transport of homocysteine into
umbilical cord blood by some carrier proteins and whether umbilical cord hyperhomocysteinemia
could affect general DNA methylation levels. Most of the subjects showed significantly low levels
of 5-hydroxy Vitamin D which has an important role in the developmental growth of fetal brain.
This may be in part due to the fact that most young women in Japan tended to avoid sun exposure.
As for amino acids, some species tended to be lower during pregnancy and to go up after delivery,
although we do not know the mechanisms. Indeed, there has been very little information on amino
acid metabolism in pregnant women, and we are also trying to make reference database for amino
acid levels in the blood during gestation in Japanese, in collaboration with Ajinomoto Co., Ltd., the
leading company in the world for the research on amino acid metabolism in humans.

For SNP analysis, candidate genes were chosen from previous reports on the genetic association
of metabolic enzymes with nutrient levels. We picked up genes mainly related to one carbon
metabolism, namely MTHFR, MTRR, MTRE, SLC19A1, FCTD, AMT and TCNZ. We also selected
DNMT3A and DNMTS3B, which have critical roles in DNA methylation. Our initial screening
demonstrated the minor allele frequencies of the SNPs are compatible with previous reports using
HapMap Japanese subjects, suggesting that our panel may represent the standard population in
Japan.

We also prepared to assess DNA methylation of genomic regions containing important genes. We

selected candidate gene loci based on the previous reports on the impact of gestational diabetes
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mellitus on DNA methylation in placenta and umbilical cords (Diabetes 2013). We evaluated DNA
methylation by bisulfite-pyrosequencing method using PyroMarkQ24 (Qiagen). First, we prepared
standard DNA templates whose methylation status was supposed to be 0%, 20%, 40%, 60%, 80%
and 100%, respectively. Using these standards we got reasonably good quantification with most of
the primers, although there were some deviations when methylation status was close to 0% or
100%. When we analyzed DNA from maternal peripheral blood or placenta, most of the imprinted
genes studied gave consistent results among samples, suggesting that regulation of methylatiob
status of these genes was basically robust. In contrast, some genes such as LEP or PPARA showed
diverse levels of DNA methylation among subjects, and between peripheral blood and placenta
and/or umbilical cord blood. We are now investigating whether these variations may have any

relation to the nutritional status, genetic variants and/or birth weight.

In conclusion, we have generated a unique clinical panel which aimed to investigate
comprehensively the relationship between maternal (and we should expect intrauterine)
malnutrition, epigenomic regulation, and the growth of the infant. There have been great
difficulties in the panel construction, but we have enrolled about 180 subjects so far. Our panel
clearly demonstrated serious malnutrition during pregnancy in Japan, and although we have only
preliminary results, we have shown some variations in DNA methylation patterns among subjects.
We believe our panel should be very useful for clarifying underlying mechanisms of DOHaD

hypothesis and will open the way to ‘preemptive medicine’ of common diseases in adults.
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BinT4 SNP 1D HapMap MAF | 5%V MAF
WTHFR | rs1801133 (Ala222Val) 0. 367 0,372
WTHFR | vs1801131 (Glud29Ala) 0,178 0. 205
WTRR | rs1801394 (I1e22Met) 0. 302 0,372
WIR | rs1805087 (Asp919G1y) 0,213 0, 346

SLCI9AT | rs1051266 (His233Arg) 0. 442 0. 398
FCTD | rs2277820 (intron) 0. 209 0.231
ANT rs1464567 (intron) 0.116 0,102
TeN2 | rs1801198 (Arg259Pro) 0, 467 0, 461
DNUT34 | Ts6733868 (intron) 0,407 0, 346
DNUT3B | 1s1883729 (intron) 0, 209 0,231
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