
 

Brain links to embryonic immunity, guiding
response of the 'troops' that battle infection
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Face of a Xenopus laevis (frog) embryo developed with brain, showing parts of
the central nervous system in green (brain on the top down to the middle and
retina of the eye to the left) and cranial nerves in red. Credit: Celia Herrera-
Rincon, Tufts University
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Researchers led by biologists at Tufts University have discovered that
the brains of developing embryos provide signals to a nascent immune
system that help it ward off infections and significantly improve the
embryo's ability to survive a bacterial challenge. Using frog embryos,
which continue to develop with their brains removed, the researchers
found that embryos without a brain are not able to marshall the forces of
immune cells to an injury or infection site, leading the embryo to
succumb to an infection more quickly. By contrast, the presence of a
brain crucially helps direct immune cells to the site of injury to
overcome the bacterial threat. The study was published today in NPJ
Regenerative Medicine.

In a developing embryo, both brain and immune system are not fully
formed. The immune system, for its part, consists mostly of an "innate"
system of cells that respond immediately to infection and do not require
training or produce antibodies. Nevertheless, these cells require signals
that prompt them to move toward an infection site and trigger a
response.

The research team found that the brain appears to contribute to the
signals that guide the nascent immune system. When brainless frog 
embryos were infected with E. coli, only about 16% of embryos
survived, while the presence of a brain protected more than 50% from
the infection. By following markers of immune cells, researchers
confirmed that the effect is not due to the missing brain somehow
hampering immune system development because the composition of the
immune cells remained the same with or without a brain. Instead, they
found that the effect was due to the brain sending signals to the immune
cells to move toward the site of an infection.

"We found that macrophages -innate immune system cells that can
swallow up bacteria and destroy them to reduce the burden of an
infection do not migrate appropriately without the presence of the brain"
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said Michael Levin, Vannevar Bush Professor of Biology at Tufts
University's School or Arts and Sciences and Associate Faculty at
Harvard's Wyss Institute, director of the Allen Discovery Center at Tufts
and corresponding author of the study. "Without the brain and its
neurotransmitter signals, gene expression and innate immune system
activity go awry, resulting in increased susceptibility to bacterial
pathogens. "

  
 

  

Tail of a Xenopus laevis (frog) embryo developed without brain showing an
aberrant distribution of immune cells (macrophages in green) lying in close
proximity to the chaotically-sprouted peripheral neural network (nerves in red).
Credit: Celia Herrera-Rincon, Tufts University
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Other roles for the embryonic brain signaling during infection may
include inducing cellular responses, for example preventing cell death or
reducing inflammation, that help protect against the harmful effects of
the infection.

Immune system abberations were also observed in brainless embryos that
were further developed. When the researchers tracked myeloid cells, a
class of immune cells that includes macrophages, neutrophils and others,
after an injury, they found that the myeloid cells in brainless embryos
gathered in locations far from the injury site. By contrast, myeloid cells
in normal embryos with intact brains would pile up at the injury site to
assist in healing. In fact, in the brainless embryo, the myeloid cells
tended to cluster around abnormal, disorganized peripheral nerve
networks, also a by-product of brain absence, as demonstrated in earlier
studies.

An examination of aberrations in genetic expression in brainless
embryos also pointed to the reduction of the neurotransmitter dopamine
(a signaling chemical used in the brain for learning and motivation), and
that dopamine may play a role in activating immune cells to migrate in
the early stages of an infection. The absence of an immune cell quorum
at the infection site leads the brainless embryos to become more
susectible to its lethal effects.

"Our results demonstrate the deep interconnections within the bacteria-
brain-body axis: the early brain is able to 'sense' the pathogenic bacteria
and to elaborate a response targeted to fight against the cellular and
molecular consequences of the infection," said Celia Herrera Rincon,
Research Scientist II at the Allen Discovery Center at Tufts, and first
author of the study.

  More information: Herrera-Rincon, C., Paré, J-F, Martyniuk, C.J.,
Jannetty, S.K., Harrison, C., Fischer, A., Dinis, A., Keshari, V., Novak,

4/5

https://medicalxpress.com/tags/myeloid+cells/
https://medicalxpress.com/tags/cells/
https://medicalxpress.com/tags/infection/


 

R., and Levin, M. "An in vivo brain-bacteria interface: the developing
brain as a key regulator of innate immunity." NPJ Regenerative Medicine
(31 Jan 2020) DOI: 10.1038/s41536-020-0087-2

Provided by Tufts University

Citation: Brain links to embryonic immunity, guiding response of the 'troops' that battle infection
(2020, February 4) retrieved 25 April 2024 from https://medicalxpress.com/news/2020-02-brain-
links-embryonic-immunity-response.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

5/5

http://dx.doi.org/10.1038/s41536-020-0087-2
https://medicalxpress.com/news/2020-02-brain-links-embryonic-immunity-response.html
https://medicalxpress.com/news/2020-02-brain-links-embryonic-immunity-response.html
http://www.tcpdf.org

