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N E U R O L O G I C A L  H E A L T H

How Dad’s Stresses Get Passed Along to Offspring
Mouse studies show tiny intercellular pods convey to sperm a legacy of a father’s hard knocks in

life
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A stressed-out and traumatized father can leave scars in his children. New research

suggests this happens because sperm “learn” paternal experiences via a mysterious

mode of intercellular communication in which small blebs break off one cell and fuse

with another.

Carrying proteins, lipids and nucleic acids, these particles ejected from a cell act like

a postal system that extends to all parts of the body, releasing little packages known

as extracellular vesicles. Their contents seem carefully chosen. “The cargo inside the

vesicle determines not just where it came from but where it’s going and what it’s

doing when it gets there,” says Tracy Bale, a neurobiologist at the University of

Maryland School of Medicine.

Preliminary research Bale and others, announced this week at the annual meeting of

the Society for Neuroscience in San Diego, shows how extracellular vesicles can

regulate brain circuits and help diagnose neurodegenerative diseases—in addition to

altering sperm to disrupt the brain health of resulting offspring.
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Striking evidence that harsh conditions affect a man’s children came from crop

failures and war ravaging Europe more than a century ago. In those unplanned

human experiments, prolonged famine appeared to set off a host of health changes in

future generations, including higher cholesterol levels and increased rates of obesity

and diabetes. To probe the inheritance of such changes at the cellular level, Bale and

co-workers performed a series of mouse experiments.

It is pretty easy to stress out a mouse. Stick one into a tube it cannot wriggle out of,

soak its bedding or blast white noise—and stress hormone levels shoot up, much as

they do in people worrying about finances or facing incessant pressure at work.

Remarkably, the way a mouse physiologically responds to stress looks noticeably

different if—months before conception—its father endured a period of stress.

Somehow “their brain develops differently than if their dad hadn’t experienced that

stress,” says Chris Morgan, a postdoc in Bale’s lab who helped create the mouse

model.

The big question is how information about the paternal environment reaches the

womb in the first place. After all, Morgan says, the “dad is only in there for one

night, perhaps just a few hours.” Could his sperm carry memories of prior trauma?

The idea seemed reasonable yet controversial. Because DNA is packed so tightly in

the nucleus of a sperm cell, “the thought that [the cell] would respond to anything in

the environment really boggled people’s minds,” says Jennifer Chan, a former PhD

student in Bale’s lab who’s now a postdoc at Icahn School of Medicine at Mount

Sinai in New York City.

Rather, there must be some other kind of cell whose DNA does react to

environmental changes—and that cell, she reasoned, could then relay that

information to sperm cells to transmit at fertilization. She focused on a population

of cells that interact with developing sperm by releasing molecules that help sperm

grow and mature. They also secrete extracellular vesicles—and Chan showed it is

these vesicles whose contents fuse with sperm cells, instilling memories of dad’s

prior stress.

In one set of experiments Chan stressed a group of male mice, let them mate and

looked at stress responses in the pups. The clincher was a set of in vitro

http://www.jneurosci.org/content/33/21/9003.long
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fertilization–like experiments in which she collected sperm from a male mouse that

had never experienced induced stress. Half his sperm went into a lab dish with

vesicles previously exposed to stress hormones. The other half was cultured with

vesicles that had no contact with stress hormones.

Chan injected sperm cells from each batch into eggs from a nonstressed female, then

implanted the fertilized eggs—zygotes—into the same foster mom. The pups from

nonstressed zygotes developed normally. Pups from stress-exposed zygotes,

however, showed the same abnormal stress response as those whose dads had

experienced stress before mating. That showed extracellular vesicles act as the

conduit for transmitting paternal stress signals to the offspring, Chan says.

The findings are “novel and of very high impact, especially when we consider the

impact of military service or other work environments that can confer high stress,”

says Robert Rissman, a neuroscientist at the University of California, San Diego,

who was not involved with the research. “I think it would be important to better

understand the specificity of the effect and how different types of stressors or

strength of stressors can modulate this system.”
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As a first step toward translating the findings to people, Morgan is collaborating

with University of Pennsylvania psychiatrist Neill Epperson to track protein and

RNA changes in human sperm samples. At the neuroscience meeting, Morgan

presented data from a six-month study of 20 undergraduate and graduate students.

Each month the participants came in and gave a sperm donation. They also

completed a same-day survey asking how stressed they were feeling. Preliminary

data suggests just several months after a student reports stress, his sperm shows

changes in “small noncoding RNAs”—RNA molecules that do not get translated to

protein but instead control which genes get turned on or off.

Sign up for Scientific American’s newsletters.

Analyzing sperm from this group of healthy young men, the researchers plan to build

a basic understanding of molecular changes linked with mild stresses such as taking

final exams. In the future Bale and colleagues hope to compare these baseline

fluctuations with changes induced by more prolonged life stressors such as post-

traumatic stress disorder or neurological diseases such as autism and schizophrenia.

The molecular signatures in extracellular vesicles may also help researchers

discover new ways to noninvasively diagnose or predict adverse health outcomes in

offspring, says Gerlinde Metz, who studies transgenerational inheritance of stress

responses at the University of Lethbridge in Alberta and was not involved with the

research. If so, the vesicles could become the basis for a pioneering type of stress

test.

Sign Up

https://www.scientificamerican.com/page/newsletter-sign-up/?origincode=2018_sciam_ArticlePromo_NewsletterSignUp


11/12/2018 How Dad's Stresses Get Passed Along to Offspring - Scientific American

https://www.scientificamerican.com/article/how-dads-stresses-get-passed-along-to-offspring/ 6/9

Rights & Permissions

A B OU T  T H E  A U T H OR ( S )

Esther Landhuis

Esther Landhuis is a freelance science journalist in the San Francisco Bay Area.

Recent Articles

Could Brain Stimulation Slow Cancer?

Experimental Huntington's Therapy Shows Promise in a Small Trial

Could the "Alzheimer's Gene" Finally Become a Drug Target?

TryDrainStix.com VISIT SITE

There is a new anti-clogging drain

device that makes those pesky drain

clogs disappear.

There is a new anti-clogging drain device that

makes those pesky drain clogs disappear.

Ad

A DV E R T I S E M E N T

https://twitter.com/@elandhuis
http://www.estherlandhuis.com/
https://www.scientificamerican.com/article/could-brain-stimulation-slow-cancer/
https://www.scientificamerican.com/article/experimental-huntington-rsquo-s-therapy-shows-promise-in-a-small-trial/
https://www.scientificamerican.com/article/could-the-ldquo-alzheimer-rsquo-s-gene-rdquo-finally-become-a-drug-target/
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CLmDQih7qW4KEFYr1kwOLlofoAZz34tBTne-q8PIHv-EeEAEglvPKUmDJ_v2KuKTcGKAB-bjf-wLIAQbgAgCoAwHIAwKqBJsCT9BvBsd2sUpq2YqyKSD7wNVYL1D34FuHp2Ls2FF08-turbQyLibS-m6guIvgShn8CK43nj7dqLm6i6vyWSe32hozRYmh3BAnvADosF0Lw2_T3X2uMehqvUOnVY2LgnlijunHh17fVZNvrLaNOGXvjapFwTW7PsKvG837jExQhbTGHCDMef_aJ6QzYO_HUNl_VdwNQVqDvQrTVVwjbDwdsHMBJiZ-uhxR7iGbP3b6aqargOPo6FqAoagY3rPH6OBov7qva0EzZDO4AVcNt3kYITxgHxgx35zpHgeSDZMQAWSPWWblU3SAZswpteD_62scMb8LL7YPAHPu7TxxyluL3EcKnehmyVZMcWKZXnIzL7e8KKrn098NSQPoBOAEAaAGN4AH78aghAGoB47OG6gH1ckbqAe50huoB9nLG6gHz8wbqAemvhvYBwHSCAcIgAEQARgBsQmkU67tKx3PLoAKA9gTDIgUAg&num=1&cid=CAASEuRoFB-ry6hf1yIRIEbC065Muw&sig=AOD64_2DTTHSjUKdC-gfCwo49qd0L-pafw&client=ca-pub-1276375982453943&adurl=https://trydrainstix.com/blog/drainprotection.php%3Fkiss%3Dgao8stg7leyghawy3hlforlw88wt4%26kellu%3Di76r8kawriwakwgr8awgr8awgor8%26affId%3D61794291%26c1%3Dus%26c2%3Dr_c_45up_all
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CLmDQih7qW4KEFYr1kwOLlofoAZz34tBTne-q8PIHv-EeEAEglvPKUmDJ_v2KuKTcGKAB-bjf-wLIAQbgAgCoAwHIAwKqBJsCT9BvBsd2sUpq2YqyKSD7wNVYL1D34FuHp2Ls2FF08-turbQyLibS-m6guIvgShn8CK43nj7dqLm6i6vyWSe32hozRYmh3BAnvADosF0Lw2_T3X2uMehqvUOnVY2LgnlijunHh17fVZNvrLaNOGXvjapFwTW7PsKvG837jExQhbTGHCDMef_aJ6QzYO_HUNl_VdwNQVqDvQrTVVwjbDwdsHMBJiZ-uhxR7iGbP3b6aqargOPo6FqAoagY3rPH6OBov7qva0EzZDO4AVcNt3kYITxgHxgx35zpHgeSDZMQAWSPWWblU3SAZswpteD_62scMb8LL7YPAHPu7TxxyluL3EcKnehmyVZMcWKZXnIzL7e8KKrn098NSQPoBOAEAaAGN4AH78aghAGoB47OG6gH1ckbqAe50huoB9nLG6gHz8wbqAemvhvYBwHSCAcIgAEQARgBsQmkU67tKx3PLoAKA9gTDIgUAg&num=1&cid=CAASEuRoFB-ry6hf1yIRIEbC065Muw&sig=AOD64_2DTTHSjUKdC-gfCwo49qd0L-pafw&client=ca-pub-1276375982453943&adurl=https://trydrainstix.com/blog/drainprotection.php%3Fkiss%3Dgao8stg7leyghawy3hlforlw88wt4%26kellu%3Di76r8kawriwakwgr8awgr8awgor8%26affId%3D61794291%26c1%3Dus%26c2%3Dr_c_45up_all
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CLmDQih7qW4KEFYr1kwOLlofoAZz34tBTne-q8PIHv-EeEAEglvPKUmDJ_v2KuKTcGKAB-bjf-wLIAQbgAgCoAwHIAwKqBJsCT9BvBsd2sUpq2YqyKSD7wNVYL1D34FuHp2Ls2FF08-turbQyLibS-m6guIvgShn8CK43nj7dqLm6i6vyWSe32hozRYmh3BAnvADosF0Lw2_T3X2uMehqvUOnVY2LgnlijunHh17fVZNvrLaNOGXvjapFwTW7PsKvG837jExQhbTGHCDMef_aJ6QzYO_HUNl_VdwNQVqDvQrTVVwjbDwdsHMBJiZ-uhxR7iGbP3b6aqargOPo6FqAoagY3rPH6OBov7qva0EzZDO4AVcNt3kYITxgHxgx35zpHgeSDZMQAWSPWWblU3SAZswpteD_62scMb8LL7YPAHPu7TxxyluL3EcKnehmyVZMcWKZXnIzL7e8KKrn098NSQPoBOAEAaAGN4AH78aghAGoB47OG6gH1ckbqAe50huoB9nLG6gHz8wbqAemvhvYBwHSCAcIgAEQARgBsQmkU67tKx3PLoAKA9gTDIgUAg&num=1&cid=CAASEuRoFB-ry6hf1yIRIEbC065Muw&sig=AOD64_2DTTHSjUKdC-gfCwo49qd0L-pafw&client=ca-pub-1276375982453943&adurl=https://trydrainstix.com/blog/drainprotection.php%3Fkiss%3Dgao8stg7leyghawy3hlforlw88wt4%26kellu%3Di76r8kawriwakwgr8awgr8awgor8%26affId%3D61794291%26c1%3Dus%26c2%3Dr_c_45up_all
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CLmDQih7qW4KEFYr1kwOLlofoAZz34tBTne-q8PIHv-EeEAEglvPKUmDJ_v2KuKTcGKAB-bjf-wLIAQbgAgCoAwHIAwKqBJsCT9BvBsd2sUpq2YqyKSD7wNVYL1D34FuHp2Ls2FF08-turbQyLibS-m6guIvgShn8CK43nj7dqLm6i6vyWSe32hozRYmh3BAnvADosF0Lw2_T3X2uMehqvUOnVY2LgnlijunHh17fVZNvrLaNOGXvjapFwTW7PsKvG837jExQhbTGHCDMef_aJ6QzYO_HUNl_VdwNQVqDvQrTVVwjbDwdsHMBJiZ-uhxR7iGbP3b6aqargOPo6FqAoagY3rPH6OBov7qva0EzZDO4AVcNt3kYITxgHxgx35zpHgeSDZMQAWSPWWblU3SAZswpteD_62scMb8LL7YPAHPu7TxxyluL3EcKnehmyVZMcWKZXnIzL7e8KKrn098NSQPoBOAEAaAGN4AH78aghAGoB47OG6gH1ckbqAe50huoB9nLG6gHz8wbqAemvhvYBwHSCAcIgAEQARgBsQmkU67tKx3PLoAKA9gTDIgUAg&num=1&cid=CAASEuRoFB-ry6hf1yIRIEbC065Muw&sig=AOD64_2DTTHSjUKdC-gfCwo49qd0L-pafw&client=ca-pub-1276375982453943&adurl=https://trydrainstix.com/blog/drainprotection.php%3Fkiss%3Dgao8stg7leyghawy3hlforlw88wt4%26kellu%3Di76r8kawriwakwgr8awgr8awgor8%26affId%3D61794291%26c1%3Dus%26c2%3Dr_c_45up_all
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CLmDQih7qW4KEFYr1kwOLlofoAZz34tBTne-q8PIHv-EeEAEglvPKUmDJ_v2KuKTcGKAB-bjf-wLIAQbgAgCoAwHIAwKqBJsCT9BvBsd2sUpq2YqyKSD7wNVYL1D34FuHp2Ls2FF08-turbQyLibS-m6guIvgShn8CK43nj7dqLm6i6vyWSe32hozRYmh3BAnvADosF0Lw2_T3X2uMehqvUOnVY2LgnlijunHh17fVZNvrLaNOGXvjapFwTW7PsKvG837jExQhbTGHCDMef_aJ6QzYO_HUNl_VdwNQVqDvQrTVVwjbDwdsHMBJiZ-uhxR7iGbP3b6aqargOPo6FqAoagY3rPH6OBov7qva0EzZDO4AVcNt3kYITxgHxgx35zpHgeSDZMQAWSPWWblU3SAZswpteD_62scMb8LL7YPAHPu7TxxyluL3EcKnehmyVZMcWKZXnIzL7e8KKrn098NSQPoBOAEAaAGN4AH78aghAGoB47OG6gH1ckbqAe50huoB9nLG6gHz8wbqAemvhvYBwHSCAcIgAEQARgBsQmkU67tKx3PLoAKA9gTDIgUAg&num=1&cid=CAASEuRoFB-ry6hf1yIRIEbC065Muw&sig=AOD64_2DTTHSjUKdC-gfCwo49qd0L-pafw&client=ca-pub-1276375982453943&adurl=https://trydrainstix.com/blog/drainprotection.php%3Fkiss%3Dgao8stg7leyghawy3hlforlw88wt4%26kellu%3Di76r8kawriwakwgr8awgr8awgor8%26affId%3D61794291%26c1%3Dus%26c2%3Dr_c_45up_all
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CLmDQih7qW4KEFYr1kwOLlofoAZz34tBTne-q8PIHv-EeEAEglvPKUmDJ_v2KuKTcGKAB-bjf-wLIAQbgAgCoAwHIAwKqBJsCT9BvBsd2sUpq2YqyKSD7wNVYL1D34FuHp2Ls2FF08-turbQyLibS-m6guIvgShn8CK43nj7dqLm6i6vyWSe32hozRYmh3BAnvADosF0Lw2_T3X2uMehqvUOnVY2LgnlijunHh17fVZNvrLaNOGXvjapFwTW7PsKvG837jExQhbTGHCDMef_aJ6QzYO_HUNl_VdwNQVqDvQrTVVwjbDwdsHMBJiZ-uhxR7iGbP3b6aqargOPo6FqAoagY3rPH6OBov7qva0EzZDO4AVcNt3kYITxgHxgx35zpHgeSDZMQAWSPWWblU3SAZswpteD_62scMb8LL7YPAHPu7TxxyluL3EcKnehmyVZMcWKZXnIzL7e8KKrn098NSQPoBOAEAaAGN4AH78aghAGoB47OG6gH1ckbqAe50huoB9nLG6gHz8wbqAemvhvYBwHSCAcIgAEQARgBsQmkU67tKx3PLoAKA9gTDIgUAg&num=1&cid=CAASEuRoFB-ry6hf1yIRIEbC065Muw&sig=AOD64_2DTTHSjUKdC-gfCwo49qd0L-pafw&client=ca-pub-1276375982453943&adurl=https://trydrainstix.com/blog/drainprotection.php%3Fkiss%3Dgao8stg7leyghawy3hlforlw88wt4%26kellu%3Di76r8kawriwakwgr8awgr8awgor8%26affId%3D61794291%26c1%3Dus%26c2%3Dr_c_45up_all


11/12/2018 How Dad's Stresses Get Passed Along to Offspring - Scientific American

https://www.scientificamerican.com/article/how-dads-stresses-get-passed-along-to-offspring/ 7/9

R E A D  T H I S  N E X T

B E H A V I O R  &  S O C I E T Y

Separating Families May Cause Lifelong Health

Damage

June 20, 2018 — Sara Goudarzi

B E H A V I O R  &  S O C I E T Y

Language Patterns Reveal Body's Hidden Response to

Stress

November 6, 2017 — Jo Marchant and Nature magazine

B E H A V I O R  &  S O C I E T Y

Why Some People Are Born to Worry [Excerpt]

May 5, 2017 — Daniel P. Keating

M E N T A L  H E A L T H

Traces of Genetic Trauma Can Be Tweaked

April 15, 2017 — Erika Beras

https://www.scientificamerican.com/article/separating-families-may-cause-lifelong-health-damage/
https://www.scientificamerican.com/article/language-patterns-reveal-bodys-hidden-response-to-stress/
https://www.scientificamerican.com/article/why-some-people-are-born-to-worry-excerpt/
https://www.scientificamerican.com/podcast/episode/traces-of-genetic-trauma-can-be-tweaked/


11/12/2018 How Dad's Stresses Get Passed Along to Offspring - Scientific American

https://www.scientificamerican.com/article/how-dads-stresses-get-passed-along-to-offspring/ 8/9

F O L LOW U S

    

S C I E N T I F I C  A M E R I CA N  A R A B I C

العربیة

N E W S L E T T E R

Sign Up

From Genius to Madness

Subscribe Now!

https://www.instagram.com/scientific_american/?hl=en
https://www.youtube.com/user/SciAmerican
https://twitter.com/sciam
https://www.facebook.com/ScientificAmerican
http://rss.sciam.com/ScientificAmerican-Global
https://www.scientificamerican.com/arabic/
https://www.scientificamerican.com/page/newsletter-sign-up/?origincode=2016_sciam_ArticleFooter_NewsletterSignUp&category=subjects/mind-and-brain/neurological-health
https://www.scientificamerican.com/store/subscribe/scientific-american-mind-digital/


11/12/2018 How Dad's Stresses Get Passed Along to Offspring - Scientific American

https://www.scientificamerican.com/article/how-dads-stresses-get-passed-along-to-offspring/ 9/9

Store

About

Press Room

More

Scientific American is part of Springer Nature, which owns or has commercial relations with thousands of scientific publications
(many of them can be found at www.springernature.com/us). Scientific American maintains a strict policy of editorial

independence in reporting developments in science to our readers.

© 2 018 S CIE N TIFIC A ME RICA N ,  A  DIV IS ION  OF S PRIN GE R N A TU RE  A ME RICA ,  IN C.

A LL RIGHTS  RE S E RV E D.

https://www.scientificamerican.com/store/
https://www.scientificamerican.com/page/about-scientific-american/
https://www.scientificamerican.com/pressroom/
http://www.springernature.com/us

