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Gestational Malnutrition Affects
Offspring’s Sperm

Mice undernourished during pregnancy can transmit the effects of such nutritional stress to
their sons’ germ cells, epigenetically.
By Anna Azvolinsky | July 10, 2014
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The effects of malnutrition in the late stages of a
female mouse’s pregnancy can produce epigenetic
changes in the sperm of her male offspring. While
prenatal undernourishment had previously been
shown to result in metabolic disease for two
subsequent generations, a study published today
(July 10) in Science is the first to demonstrate the
extent to which an expecting mother’s nutrition can
affect the methylation of DNA in the germ cells of
her offspring.
“This is a fairly compelling demonstration that the
epigenome is plastic to some extent, able to be
modified by the environment,” said Oliver Rando, who studies epigenetic inheritance at the University of
Massachusetts Medical School, but was not involved in the work. “This is probably one of the more
expansive demonstrations of this.”
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Geneticist Anne FergusonSmith from the University of Cambridge in the U.K., along with endocrinologist
MaryElizabeth Patti at the Joslin Diabetes Center in Boston and their colleagues, decreased by half the
caloric intake of mice during their last week of pregnancy, when epigenetic reprogramming of male germ
cells occurs. Assessing the genomewide methylation state of the sperm of the firstgeneration sons of
undernourished mothers, the researchers found that these sperm had 111 hypomethylated regions not
present in the sperm from control mice. Most of these regions were within intergenic and CpG islands but
not within coding genes.
When these firstgeneration males—who were fed regular diets—were bred with control female mice not
exposed to malnutrition while in the womb, these germline hypomethylated regions were not transmitted
to the second generation. However, some of these same regions in the brains and livers of second
generation male fetuses showed differential expression compared to controls.
“These methylation differences [in the firstgeneration male sperm] are likely to have an impact on
transcript regulation [in the second generation], but the methylation markers themselves do not persist in
the grandchildren,” said Patti.
“There is a lot of interest in the impact of maternal nutrition on offspring metabolic disease but few studies
have specifically examined the impact of maternal undernutrition on sperm methylation—or examined the
consequences [in grandchildren],” Margaret Morris of the University of New South Wales in Sydney told
The Scientist in an email. “It is interesting that the methylation changes were not maintained in the
[second generation’s] offspring.”
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Even though both male and females within a litter are affected by their mother’s nutrition during
pregnancy, focusing on the male offspring allowed the team to understand how a single nutritional
exposure of a mother during pregnancy affects her sons’ epigenome and whether that son can pass on this
nutritional exposure—just through his sperm—to his offspring. Looking at daughters and granddaughters is
more complicated because the female has more ways to transmit nutritional states to her offspring
including through the egg, the mitochondrial DNA, maternal metabolism, and even the structure of the
uterus, Patti explained.
“This is a really detailed and wellcontrolled study that increases our knowledge of the potential
mechanisms of intergenerational transmission,” said Amanda Drake, a pediatric endocrinologist at the
University of Edinburgh who was not involved in the work.
Some of the hypomethylated regions identified were in proximity of genes related to insulin secretion.
Consistent with previous studies, both the first and secondgeneration males had lower birth weight and
reduced pancreatic function, plus showed signs of glucose intolerance. Low birth weight human babies
resulting from extreme nutritional deprivation during pregnancy are also at higher risk for metabolic
disease, including obesity, type 2 diabetes, and cardiovascular disease, said Patti.
Still, “the question of whether these methylation changes [in the first generation] are responsible for the
metabolic changes that show up in these mice is now the million dollar question,” said Rando.
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According to FergusonSmith, the team is now investigating whether thirdgeneration mice have any
phenotypic or epigenetic memory from the nutritional insult that their greatgrandmothers experienced.
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Another important question raised by the study, said Drake, is about the mechanisms that enable the
transmission of gene expression changes to the second generation without the transmission of the
methylation state.
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That nutritional exposure is important both during pregnancy and after birth is clear. How changes in
nutrition during these two states affect offspring can now be addressed using both inutero and post
weaning mouse models, said Rando. “Comparing these two models to understand metabolic responses is
going to be extremely illuminating.”
E.J. Radford et al., “In utero undernourishment perturbs the adult sperm methylome and
intergenerational metabolism,” Science, doi.10.1126/science.1255903, 2014.
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Feng Zhang: The Midas
of Methods

By Tracy Vence

By Kerry Grens

Seethrough organs and animals;
distinguishing white from brown
and beige fat cells; chipping away
at genetic mosaicism; catching
up with the blogger behind Street
Anatomy

Core Member, Broad Institute;
Investigator, McGovern Institute;
Assistant Professor, MIT. Age: 32
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The Body’s Ecosystem
By The Scientist Staff
Research on the human
microbiome is booming, and
scientists have moved from
simply taking stock of gut flora to
understanding the influence of
microbes throughout the body.
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