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or high sugar levels. Of those kids, 25 percent had more than one
risk factor. A 2005 report in The New England Journal of Medicine
said that the epidemic of childhood obesity is the critical element
in a gathering storm that could produce the first modern decline in
American life expectancy—dropping life expectancy as much as
five years.

‘There’s no question that gallons of sugary soda, baskets of fatty
fries, and too many hours watching television and playing video
games instead of after-school sports is a fattening combo. But new
research suggests that may not be the whole story.

‘There is emerging evidence that the dietary habits of parents,
especially women in the earliest stages of pregnancy, may have an
impact on the metabolism of their children. In other words,
if you're trying to get pregnant, you really should think twice be-
fore you bite that Big Mac—once for your own waistline, and once
for your potential child’s.

Before you get the wrong idea, this isn't to suggest some strictly
Larmarckian idea that a fat parent is going to have a fat child be-
cause the child will inerit the weight problem his or her parent
acquired. But this 4s to say that new research is rapidly changing
our understanding of how, when, and whether genes express them-
selves—that is, how, when, and whether the instructions in a gene
are carried out. A series of groundbreaking research over the last
five years has shown that certain compounds can attach themselves
to specific genes and suppress their expression. These compounds
act like a genetic light switch, essentially turning off the genes they
attach to. And—here’s where it gets really interesting—the re-
search shows that environmental factors, like the food we eat or
the cigarettes we smoke, can flick the switch on or off.
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'This research is changing the whole field of genetics—it’s even
launched a subdiscipline called epigenetics. Epigenetics is con-
cerned with the study of how children can inherit and express
seemingly new traits from their parents withour changes in the un-
derlying DNA. In other words, the instructions are the same, but
something else overrides them.

Being a gene isn't all that it was cracked up to be anymore.

THE TERM EPIGENETICS was coined in the 1940s, but the modern
discipline is much younger, barely out of diapers. The first big
breakthrough actually occurred in 2003—in the form of a skinny
brown mouse.

'The shocking thing about this skinny brown mouse is that its
parents were both fat yellow mice. Actually, they were fat yellow
mice from a long line of fat yellow mice. These mice were specifi-
cally bred to carry a gene called agouti, which gives them their
characteristic pale coat and tendency toward obesity. When a male
agouti mouse mates with a female agousi mouse, they have little
agouti mouse babies time after time—fat and yellow. Or they did
until they went to Duke, anyway.

A team of scientists at Duke University separated a gang of
agouti mice into two groups—a control group and a pregnant
group. They didn't do anything special with the control group. They
fed it a normal diet and let fat yellow Mickeys mate with fat yellow
Minnies, who gave birth to fat yellow babies. No surprise there.

The mice in the experimental group mated as well, but the
expectant mothers in this group got slightly better prenatal care—
in addition to their normal diet, they were given vitamin supple-
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eating habits could affect the metabolic ndakeup of her children. If
you're thinking about having a baby, youre probably already asking
yourself what you should eat and when during your pregnancy. We
don’t know enough yet to understand exactly when human fetuses
reach epigenetic trigger points. But animal studies suggest the pro-
cess starts very early.

One recent study of rats showed that when pregnant rats were
fed a low-protein diet for j just the first four days of pregnancy—
before the embryo had even implanted in the uterus—their babies
were prone to high blood pressure. Experiments with sheep showed
similar maternal effects. Pregnant sheep that were underfed during
the early days of pregnancy—again, even before the embryo im-
planted in the mother’s uterus—gave birth to offspring that rap-
idly developed thickened arteries because their slower metabolisms
stored more food as fat.

How do we know these are adaptive responses, as opposed to
birth defects resulting from the mother’s poor nutrition? Because
the health problems—thickened arteries and increased weight—
only occurred when the baby sheep were provided with normal
diets. Baby sheep whose mothers were undernourished while preg-
nant showed no sign of arterial thickening when they were also
undernourished as toddlers. _

Most of the epigenetic effects currently under study involve
mothers, not fathers. In part, that’s because an embryo or fetus

never interacts with its father’s environment, so many scientists -

believed epigenetic modifications only occurred after conception,
in response to information the fetus received about the mother’s
environment. However, there is newand intriguing evidence that
fathers can pass information to their offspring as well. A British
study found that men who started to smoke before puberty had
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sons who were significantly fatter than normal by the time they

were nine; this correlation was found only in sons, so scientists

think these epigenetic markers are passed on the Y chromosome.

(Intuitively, you might expect the children of smoking fathers to be

smaller, not fatter. It’s possible that this effect is analogous to the

thrifty phenotype, in which poor maternal nutrition in the early
stages of pregnancy leads to the birth of small babies with thrifty
metabolisms who have a high tendency to become fat. In this case,
there may be an epigenetic change in the father’s sperm triggered
by the toxins in the smoke the father is inhaling. Those toxins
would indicate a difficult environment, so the sperm is ready to
create a baby with a thrifty metabolism. And when that thrifty me-
tabolism is combined with a typical Western diet, the likelihood of
that baby growing up to be a fat child dramatically increases.)

'The lead scientist on the study, Marcus Pembrey, a British ge-
neticist, believes this proves the existence of paternal effects in
addition to maternal effects. He called this “proof of principle. The
sperm have céptured information about the ancestral environment,
and this is mod1fymg the development and health of subsequent
generations.”

This lends a whole new meaning to sons paying for the sins of
their fathers.

MOM AND DAD may not be the only epigenetic influences in your
life. Grandpa and-Grandma may be reaching down from their
perch above you in the family tree, leaving their own marks.
That’s certainly what many of the most prominent epigenetic
researchers—from the authors of the fat yellow mice study at
Duke to the researchers behind the smoking fathers report in



London—think. They all believe that epigenetic changes can be
passed through the germ line for many generations.

In the case of maternal inheritance, the opportunity for your
ultimate genotype to get a methyl markup in your grandmother is
actually very direct. When a human female is born, she already has
the complete set of eggs she will have for life in her baby ovaries.
As strange as it sounds, that means that the egg you developed
from, with half of your chromosomes, was created in your mother’s
ovaries while she was still in your grandmother’s womb. And new
research demonstrates that when your grandmother passed epi-
genetic signals to your mother, she was also passing those signals to
the egg that would eventually provide half of your DNA.

Just as epigenetics has helped to unlock the mystery of thin-
coated voles and sociable locusts, it’s now helping to explain a se-
ries of confusing correlations researchers have gathered over the
last century. A group of researchers in Los Angeles found that chil-
dren whose grandmothers smoked while pregnant were more likely
to have asthma than children whose mothers smoked while preg-
nant. Before we started to crack the epigenetic code, this correla-
tion was impossible to explain. Now, scientists realize that the
smoking grandmother triggered an epigenetic effect in her fetal
daughter’s supply of eggs. (Incidentally, if you’re puzzled as to why
the grandmothers’ smoking habits affected their eggs more than
their fetuses, youre not alone; scientists haven't figured that out
yet.)

A harsh winter and a cruel embargo imposed by the Nazis
combined to cause the Dutch famine of 1944 and 1945. Thirty
thousand people died during the “Hunger Winter,” or Honger-
winter, as the Dutch call it. An examination of birth records fol-
lowing the famine is one of the ways Barker confirmed his thrifty
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phenotype hypothesis. Women who were in the first six months of
pregnancy during the Hongerwinter gave birth to small babies
who grew up to be more prone to obesity, coronary disease, and a
variety of cancers.

Although the results are still controversial, researchers reported
an even bigger surprise around twenty years later when their stud-
ies indicated that the grandchildren of those women were also born
with low birth weights. Is it possible that the methyl markers trig-
gered by poor nutrition during the famine were passed on to the
next generation? That’s not known yet, but the effects of methyla-
tion, it seems, are real.

Many leading epigenetic scholars think epigenetic changes
represent evolution’s subtle effort to tweak an existing genome, al-
though that’s still quite contentious. The scientists at Duke who
published the mouse study wrote:

Our findings show that early nutrition can influence the es-
tablishment of epigenetic marks . . . [that] affect all tissues, in-
cluding, presumably, the germ line. Hence, incomplete erasure
of nutritionally induced epigenetic alterations ... provides a
plausible mechanism by which adaptive evolution may occur
in mammals,

In other words, when methyl markers aren'’t erased, they can be
passed on generation after generation, ultimately leading to evolu-
tion. Or in other other words, traits acquired by a parent or grand-
parent can ultimately be inkerited by his or her descendants.
Lamarck must be turning in his grave. The theory that he didn't
come up with is on the verge of becoming all the rage. Marcus
Pembrey, the scientist behind the parental smoking study, calls
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already know that parent-child bonds from birth through early
childhood have a profound impact on emotional development.
We know that the emotional state of loving, responsive parents
gets passed on to their children in a kind of mental methylation—
and so does anything that increases a parent’s anxiety. Everything
from a dissolving marriage to health problems to financial trouble
can raise the stress of a new parent and interfere with the child-
parent relationship. Children whose parents are overly stressed are
more prone to depression and have less self-control. Children
whose parents are relaxed and available tend to be happier and
healthier.

And while we don't know whether neonatal parenting is actu-
ally changing brain development, scientists who study this epigen-
etic connection in animals believe it’s very unlikely that humans
don’t share it. In fact, the total picture suggests humans should
be more prone to epigenetic effects in infancy. After all, cognitive
development and physical development after birth in humans are
much more significant than they are in most other mammals.

LIKE MUTATION, METHYLATION is neither good nor bad on its
own—it all depends on what genes are being turned on and what
genes are being turned off and for what reason. Good nutrition in
pregnant mice led to the addition of methyl markers on the agouti
gene that freed a generation of baby mice from a fat yellow future.
Parental grooming in rats provoked the removal of methyl markers
around genes responsible for brain development. The same thing is
true in humans. Some genes are better turned off, and there are
other genes that we want on duty 24/7. Methylation also doesn’t
always just turn a gene completely off. Genes can be partially
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methylated, and the degree of methylation correlates to how active
the gene remains—the less methylation, the more active it is.

One set of genes that we want always on guard are those that
suppress tumors and repair DNA. Those genes are the storm troop-
ers and flight surgeons of the anticancer corps. Scientists have
identified dozens of these genetic guardians—when they’re shut
down, cancerous cells have free rein.

A recent article in Science News told the story of two identical.
twins, Elizabeth and Eleanor (not their real names), who were born
on November 19, 1939. From the moment the twins were born,
they were treated the same because their mother never wanted ei-
ther girl to feel she was more—or less—favored. Elizabeth said,
“We were treated like a unit—more like one person instead of two
separate individuals.” They moved apart more than forty years ago,
in their early twenties, but they’re still very similar. From the way
they look to the things they care about, it’s clear that they’re identi-
cal twins. With one big exception—seven years ago, Eleanor was
diagnosed with breast cancer. Elizabeth has never been.

Identical twins share the same exact DNA—but DNA isn't
fate. And one of the reasons is methylation. It’s possible that forty-
plus years of exposure to a different environment produced a dif-
ferent methylation pattern around Eleanor’s genes, a pattern that
unfortunately may have led to breast cancer.

In 2005, Manel Esteller of the Spanish National Cancer Cen-
ter, along with colleagues, issued a report showing that identical
twins shared almost identical methylation patterns at birth that
diverged as they grew older. And the report indicated that those
patterns diverged much more dramatically when the twins lived
apart for most of their lives, just as Eleanor and Elizabeth have.
Esteller said:
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heritage from weighing your baby down? The truth is, we just don’t
know—and we don’t even know everything we don’t know yet.

Here’s the first thing we don't know—we don't have anywhere
near a complete understanding of which genes are turned off or
turned down by which methyl donors. For example, methylation of
a gene that influences hair color might lead to a harmless change—
but the same process that triggered methylation of the hair color
gene may also be suppressing a tumor suppressor. To complicate
things further, methyl stop signs often land near transposons—
those jumping genes. When that transposon inserts itself some-
where else in the genome, it may carry methyl markers with it
where they may attach themselves to another gene, muting its
expression or at least turning down the volume.

In fact, the authors of the Duke study were s0 impressed by the
enormous range of potential epigenetic effects that they issued a
word of caution to anyone interested in applying the results of their
research to humans:

These findings suggest that dietary supplementation, long
presumed to be purely beneficial, may have unintended delete-
rious influences on the establishment of epigenetic gene regu-
lation in humans.

In other words, we don't really know everything that’s going on
here, folks.

To be clear, if you're getting ready to have a baby, this isn’t to
suggest that you throw out the container of vitamins your doctor
prescribed. These vitamins have a lot to recommend them-—as we
mentioned a few chapters ago, folic acid is very important during
pregnancy. Study after study has shown that folic acid supplements
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reduce birth defects that can cause damage to a developing brain
or spinal cord. The connection is so strong that the government
required grains to be fortified with folic acid much as drinking wa-
ter is fortified with fluoride. And there’s been a corresponding de-
crease in diseases, such as spina bifida, that are related to folic acid
deficiency in pregnant women.

. That’s a wonderful thing—but it may not be the whole story.
Our understanding of epigenetics is so immature we have to be
wary about unintended consequences. We just don't know what
other genes may be influenced by pumping methyl donors into the
food supply, and we probably won't know for years.

When doctors expect a pregnant womari to give birth prema-
turely, she is often injected with a drug, usually betamethasone, to
help speed up the development of her fetus’s lungs, dramatically
improving its chance of survival. Now, there are signs that children
whose mothers received multiple doses of betamethasone have
increased levels of hyperactivity and slower than normal overall
growth. A recent University of Toronto study demonstrated that
these effects may continue for multiple generations. The leader
of the study believes the betamethasone causes epigenetic changes
in the fetus that are passed on to its own offspring in turn. One
doctor who specializes in treating premature babies said the study
was “terrifying beyond comprehension.”

Vitamins and drugs that cause methylation in addition to
fulfilling their primary purpose are just the beginning. Now we’re
starting to see drugs actually designed to affect methylation pat-
terns. The first of these drugs was approved by the Food and Drug
Administration in 2004. Called azacitidine in its generic form,

. it was hailed as a breakthrough for the treatment of myelodysplas-

tic syndrome, or MDS. MDS is a collection of blood disorders that



is very difficult to treat and often leads to potentially deadly
leukemia—a new drug for MDS would be a significant advance.
Azacitidine inhibits the methylation of certain genes in blood cells,
helping to restore proper DNA function and reducing the risk that
MDS will develop into leukemia. Azacitidine was met with tre-
mendous excitement at its introduction. Peter Jones, a professor of
biochemistry and molecular biology at the University of Southern
California, said:

'This is the first approved drug in a new-kind of therapy—
epigenetic therapy. That gives it tremendous potential impor-
tance not just in this disease, but in a host of others as well.

Of course, in a report by Dr. Jones and some colleagues, he also
noted: '

It is apparent that we are just at the beginning of understand-
ing the substantial contribution of epigenetics to human dis-
ease and there are probably many surprises ahead.

“Many surprises ahead.” Well, he was right. Six months after
azacitidine was approved, researchers at Johns Hopkins published
a report of their investigation into the epigenetic effects of two
drugs, one of them a close chemical relative of azacitidine. These
drugs were all but spray painting the genome with new methyla-
tion patterns, turning off as many genes as they were turning on—
hundreds of each.

Don't get me wrong—epigenetics has unbelievable potential to
have a positive impact on human health. A Rutgers University
professor named Ming Zhu Fang has studied the effect of green
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tea on human cell lines. He’s found that compounds in green tea
inhibit the placement of methyl markers on genes that help to fight
colon, prostate, and esophageal cancer. Methylation of those genes
would take them out of the cancer suppression business—by in-
hibiting their methylation, green tea keeps them in the anticancer
fight.

~ The same Duke team responsible for the original study of
vitamin-triggered methylation in agou#i mice has demonstrated a
similar methylating effect from genistein, the estrogenlike com-
pound found in soy. They've speculated that genistein may also
help to reduce the risk of obesity in humans, perhaps even helping
to explain why Asian rates of obesity are comparatively low. But
again, their speculation is tempered with a note of caution. Dana
Dolinoy, one of the study’s authors, said:

What is good in small amounts could be harmful in large
amounts. We simply don't know the effects of literally hun-
dreds of compounds that we intentionally or inadvertently in-
gest or encounter each day.

There are 3 billion base pairs of nucleotides in the human ge-
nome engaged in a vast and complex dance that makes us who we
are. We need to be awfully careful when we start to change the
choreography, especially given our current lack of precision. When
you try to move one dancer with a bulldozer, you're pretty darn
certain to scoop up more than one Rockette.

IF THAT'S NOT complicated enough, methyl markers aren’t the
only way genes are turned on or off. There is a whole system of pro-
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moters and repressors that govern how much a given gene expresses
itself by transcribing into mRNA and then translating into a pro-
tein. This system amounts to an internal regulator that can turn
on, turn off, or even crank up production of specific proteins in re-
sponse to the body’s changing needs.

This is how people build up their tolerance to drugs and alco-
hol, for example. When someone drinks alcohol, the genetic pro-
moters in his or her liver cells crank up production of the enzyme
(remember alcohol dehydrogenase?) that helps to break it down.
The more you drink, the more your liver produces alcohol dehy-
drogenase—its biological anticipation of the next drink. And the
reverse is also true—you might notice your tolerance drop after a
period of sustained teetotaling, because your body slows down the
production of alcohol dehydrogenase when it no longer senses the
regular need for it.

'There’s a similar phenomenon with other drugs, from caffeine
to many prescription drugs. Have you ever been prescribed a drug
that gave you some unpleasant side effects only to have your doctor
tell you just to wait a few weeks and they’ll go away? If you have,
and they’ve gone away, you've experienced another form of gene
expression. Your body adapted to the presence of the drug by pro-
moting or suppressing the expression of specific genes that helped

you to process it.

IF YOU REALLY want to understand how /i#tle we understand
about possible epigenetic and maternal effects, consider the fol-
lowing. In the months immediately after the terrorist attacks on
New York and Washington on September 11, there was a dramatic
spike in the number of late-term miscarriages—in California. It
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would be tempting to assume that there is an obvious, behavior-
related explanation for this—higher stress made it harder for some
expectant mothers to take care of themselves. It is tempting to ac-
cept this except for one thing—the rise in miscarriages only af-
fected male fetuses.

In California, in October and November 2001, there was a
25 percent increase in the rate of male miscarriages. Something—
and we don’t know what—in the mother’s epigenetic or genetic
architecture sensed that she was carrying a boy and triggered a
miscarriage.

We can speculate why this occurred, but we really don’t know
the truth. Males are both more demanding physiologically on the
mother’s body during pregnancy and less likely to survive if mal-
nourished as children. Perhaps we have evolved a kind of automatic
resource conservation system that is triggered in times of crisis—
lots of females and a few strong males gives a population a better
chance for survival than the other way around.

Whatever the evolutionary reason, it is clear that these preg-
nant women responded to a perceived environmental threat with a
dramatic—and automatic—reaction. The fact that the actual at-
tack occurred so far away only makes it more interesting. And this
isn't the first time such a reaction has been documented. During
the reunification of Germany in 1990, the birth rate in the former
East Germany (where reunification was difficult, tumultuous, and
anxiety-producing) skewed toward females. A study of births after
the ten-day war in Slovenia during the Balkan conflicts of the
1990s and another study of births after the Hanshin earthquake of
1995 in Kobe, Japan, showed evidence of a similar pattern.

On the other side of the coin, there is evidence that in times
after great conflict, the male birth rate goes up. That’s what hap-
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