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Editorial on the Research Topic
Chronic effects on brain development induced by early-life stress

Undoubtably, early-life stress (ELS) during the perinatal period causes poor brain
development, and it is implicated in the onset of several psychotic disorders. ELS, including
early long-term institutionalization, causes structural and functional changes in the brain
(Teicher etal., 2016; Herzberg and Gunnar, 2020, Tian et al.). The number of parvalbumin-,
calbindin-, and calretinin-positive neurons is decreased in both the nucleus acumens and
amygdala of ELS-exposed rats, accompanied by a reduction in the size of the neuron cell
body (Aleksic et al.). ELS exposure of rats alters the activation of the reward circuitry,
interferes with the normal formation of context-reward associations, and disrupts the
normal reward access hierarchy formation in adulthood (Ryakiotakis et al.). ELS-exposed
mice show hypersensitivity and increased levels of glutamate released (Takatsuru et al., 2009;
Toya et al., 2014). In the brain of ELS-exposed mice, the stability of the mushroom spine is
decreased (Takatsuru et al., 2009), and the motility of microglia is increased (Takatsuru et al.,
2015). Furthermore, when focusing on pregnancy, research conducted on mice suggests
that excessive exposure to prenatal stress can result in an increased vulnerability to stress
associated with the disruption of the development of 5-HT neurons of offspring (Miyagawa
etal, 2011, 2015).

These changes are always difficult to reverse; thus, the effects of ELS last long, from
childhood to old age. These structural and functional changes potentially induce several
disorders; ELS is a risk factor for depression and anxiety disorders (Pervanidou and
Chrousos, 2018; Juruena et al., 2020; LeMoult et al., 2020). Depression affects people from
having a normal life, such as attending school, holding a job, and spending time on hobbies.
Depression sometimes leads to suicide owing to a decreased quality of life. Depression is
also one of the risk factors for dementia (Bennett and Thomas, 2014; Hayley et al., 2021),
and ELS itself potentially induces dementia both in humans (Harris et al., 2016; Wise, 2016)
and rodent models (Yajima et al., 2018). Thus, ELS disrupts human life, and the treatment of
symptoms induced by ELS is important.

The effects of ELS are confirmed in not only a single generation but may sometimes
extend also to the next generation. Adult women who experienced sexual or physical abuse
in childhood show a disrupted hypothalamic-pituitary—adrenal axis (Heim et al., 2001).
Such a disruption definitely induces undesirable maternal behavior. It has been reported that
parents who have experienced childhood abuse and neglect are more likely to neglect their
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offspring (Widom et al., 2015). Note that this is not true for all
cases; approximately 30% of victims neglect their own children.
Thus, this behavioral change is not always induced by ELS. Both
favorable and unfavorable environments can induce behavioral
changes. Support from other people during development, perinatal
care, and nursing can change the behavior of mothers who suffered
from ELS. This change was also detected in a rodent model (Mitani
etal., 2018). Approximately 30% of ELS-exposed mother mice show
neglect behavior.

It has also been reported that the offspring of ELS-exposed
humans often suffer from neurophysiological diseases even when
the offspring have not been exposed to ELS (Bifulco et al., 2002;
Kim et al., 2009; Heim et al., 2010). This has also been detected
in a rodent model (Mitani et al., 2018). Offspring of ELS-exposed
mice also showed hypersensitivity, and approximately 30% of
the offspring showed neglect behavior. Note that the offspring
themselves were not exposed to ELS; but were born from an ELS-
exposed mother. The involvement of epigenetic factors such as the
alteration of DNA methylation, which are transferred through germ
cells, has been implicated (Cameron et al., 2008; Franklin et al.,
2010; Heim and Binder, 2011; Weaver et al., 2014); however, the
mechanism underlying the multigenerational effects of ELS has not
yet been clarified. The biggest problematic issue is that victims of
ELS cannot avoid its effects. They realize the effects of ELS after
several disorders develop because of non-reversible brain changes.
The offspring also feel miserable because they cannot choose their
parents. Thus, the effects of ELS on humans are one of the most
important Research Topics.

However, the effects of ELS on brain development and
functions are not yet fully understood, and the treatment of ELS-
related disorders remains unknown. To clarify these issues, we
also consider several conditions similar to ELS, such as infants
born very and extremely preterm (Cook et al.: changes in the
functional architecture with increasing age of preterm infants
exhibit a different trajectory relative to in utero fetus), central
precocious puberty (Yoshii et al.: increase in thickness of the
precuneus area of the right hemisphere), and the juvenile justice
system (Orendain et al.). It is also helpful to study newly generated
risk factors, such as e-cigarette exposure [Lee et al.: exposure to e-
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cigarettes alters the mammalian target of rapamycin (mTOR)C1
and mTORC2 signaling in the developing hippocampus] and
combined drug effects (Régo et al.: the administration of fentanyl
enhances hippocampal neurogenesis and anxiety without affecting
spatial learning and memory in ELS rats).

The number of articles on this Research Topic is insufficient
as we expected, indicating that the study of ELS is inadequate and
inactive. One of the reasons for this is obtain that experiments
conducted in the study of ELS take a long time to complete. Many
researchers, including us, want to get results as soon as possible.
However, we should keep on studying to find ways to treat the effect
of ELS. We hope this Research Topic encourages many researchers
to continue/begin the study of ELS.

Author contributions

YT: Writing—original draft, Writing—review and editing. KM:
Writing—review and editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no impact
on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their those of the publisher,
the editors and the reviewers. Any product that may be

affiliated organizations, or

evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Hayley, S., Hakim, A. M., and Albert, P. R. (2021). Depression, dementia and
immune dysregulation. Brain 144, 746-760. doi: 10.1093/brain/awaa405

Heim, C., and Binder, E. B. (2011). Current research trends in early
life stress and depression: review of human studies on sensitive periods
gene-environment interactions, and epigenetics. Exp. Neurol. 233, 102-111.
doi: 10.1016/j.expneurol.2011.10.032

Heim, C., Newport, D. J., Bonsall, R, Miller, A. H., and Nemeroff, C.
B. (2001). Altered pituitary-adrenal axis responses to provocative challenge
tests in adult survivors of childhood abuse. Am. J. Psychiatry 158, 575-581.
doi: 10.1176/appi.ajp.158.4.575

Heim, C., Shugart, M., Craighead, W. E., and Nemeroff, C. B. (2010).
Neurobiological and psychiatric consequences of child abuse and neglect. Dev.
Psychobiol. 52, 671-690. doi: 10.1002/dev.20494

Herzberg, M. P., and Gunnar, M. R. (2020). Early life stress and brain

function: ~activity and connectivity associated with processing emotion
and reward. Neuroimage 209, 116493. doi: 10.1016/j.neuroimage.2019.
116493

frontiersin.org


https://doi.org/10.3389/fnins.2023.1293325
https://doi.org/10.3389/fnins.2023.1214080
https://doi.org/10.3389/fnins.2023.1215492
https://doi.org/10.3389/fnins.2022.1004335
https://doi.org/10.3389/fnins.2023.1217127
https://doi.org/10.3389/fnins.2022.988096
https://doi.org/10.1016/j.maturitas.2014.05.009
https://doi.org/10.1111/1469-7610.00234
https://doi.org/10.1111/j.1365-2826.2008.01725.x
https://doi.org/10.1016/j.biopsych.2010.05.036
https://doi.org/10.1007/s00127-016-1189-4
https://doi.org/10.1093/brain/awaa405
https://doi.org/10.1016/j.expneurol.2011.10.032
https://doi.org/10.1176/appi.ajp.158.4.575
https://doi.org/10.1002/dev.20494
https://doi.org/10.1016/j.neuroimage.2019.116493
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Takatsuru and Miyagawa

Juruena, M. F., Eror, F., Cleare, A. ], and Young, A. H. (2020). The role of
early life stress in HPA axis and anxiety. Adv. Exp. Med. Biol. 1191, 141-153.
doi: 10.1007/978-981-32-9705-0_9

Kim, H. K., Capaldi, D. M., Pears, K. C., Kerr, D. C,, and Owen, L. D. (2009).
Intergenerational transmission of internalising and externalising behaviours across
three generations: gender-specific pathways. Crim. Behav. Ment. Health 19, 125-141.
doi: 10.1002/cbm.708

LeMoult, J., Humphreys, K. L., Tracy, A., Hoffmeister, J. A., Ip, E., and Gotlib,
I. H. (2020). Meta-analysis: exposure to early life stress and risk for depression
in childhood and adolescence. J. Am. Acad. Child Adolesc. Psychiatry 59, 842-855.
doi: 10.1016/j.jaac.2019.10.011

Mitani, S., Amano, I, and Takatsuru, Y. (2018). High prolactin concentration
during lactation period induced disorders of maternal behavioral in offspring.
Psychoneuroendocrinology 88, 129-136. doi: 10.1016/j.psyneuen.2017.12.006

Miyagawa, K., Tsuji, M., Fujimori, K., Saito, Y., and Takeda, H. (2011). Prenatal
stress induces anxiety-like behavior together with the disruption of central serotonin
neurons in mice. Neurosci. Res. 70, 111-117. doi: 10.1016/j.neures.2011.02.002

Miyagawa, K., Tsuji, M., Ishii, D., Takeda, K., and Takeda, H. (2015). Prenatal
stress induces vulnerability to stress together with the disruption of central
serotonin neurons in mice. Behav. Brain Res. 277, 228-236. doi: 10.1016/j.bbr.2014.
04.052

Pervanidou, P., and Chrousos, G. P. (2018). Early-life stress: from neuroendocrine
mechanisms to stress-related disorders. Horm. Res. Paediatr. 89, 372-379.
doi: 10.1159/000488468

Frontiersin Neuroscience

03

10.3389/fnins.2023.1293325

Takatsuru, Y., Nabekura, J., Ishikawa, T., Kohsaka, J., and Koibuchi, N. (2015).
Early-life stress increases the motility of microglia in adulthood. J. Physiol. Sci. 65,
187-194. doi: 10.1007/s12576-015-0361-2

Takatsuru, Y., Yoshitomo, M., Nemoto, T., Eto, K., and Nabekura, J. (2009).
Maternal separation decreases the stability of mushroom spines in adult mice
somatosensory cortex. Brain Res. 1294, 45-51. doi: 10.1016/j.brainres.2009.07.092

Teicher, M. H., Samson, J. A., Anderson, C. M., and Ohashi, K. (2016). The effects
of childhood maltreatment on brain structure, function and connectivity. Nat. Rev.
Neurosci. 17, 652-666. doi: 10.1038/nrn.2016.111

Toya, S., Takatsuru, Y., Kokubo, M., Amano, I., Shimokawa, N., and Koibuchi,
N. (2014). Early-life-stress affects the homeostasis of glutamatergic synapses. Eur. J.
Neurosci. 40, 3627-3634. doi: 10.1111/ejn.12728

Weaver, I. C., Cervoni, N., Champagne, F. A., D’Alessio, A. C., Sharma, S., Seckl,
J. R, et al. (2014). Epigenetic programming by maternal behavior. Nat. Neurosci. 7,
847-854. doi: 10.1038/nn1276

Widom, C. S., Czaja, S. J., and DuMont, K. A. (2015). Intergenerational
transmission of child abuse and neglect: real or detection bias? Science 347, 1480-1485.
doi: 10.1126/science.1259917

Wise, P. H. (2016). Child poverty and the promise of human capacity:
childhood as a foundation for healthy aging. Acad. Pediatr. 16(3 Suppl.):S37-S45.
doi: 10.1016/j.acap.2016.01.014

Yajima, H., Haijima, A., Khairinisa, M. A., Shimokawa, N., Amano, I, and
Takatsuru, Y. (2018). Early-life-stress induces cognitive disorder in middle-aged mice.
Neurobiol. Ageing 64, 139-146. doi: 10.1016/j.neurobiolaging.2017.12.021

frontiersin.org


https://doi.org/10.3389/fnins.2023.1293325
https://doi.org/10.1007/978-981-32-9705-0_9
https://doi.org/10.1002/cbm.708
https://doi.org/10.1016/j.jaac.2019.10.011
https://doi.org/10.1016/j.psyneuen.2017.12.006
https://doi.org/10.1016/j.neures.2011.02.002
https://doi.org/10.1016/j.bbr.2014.04.052
https://doi.org/10.1159/000488468
https://doi.org/10.1007/s12576-015-0361-z
https://doi.org/10.1016/j.brainres.2009.07.092
https://doi.org/10.1038/nrn.2016.111
https://doi.org/10.1111/ejn.12728
https://doi.org/10.1038/nn1276
https://doi.org/10.1126/science.1259917
https://doi.org/10.1016/j.acap.2016.01.014
https://doi.org/10.1016/j.neurobiolaging.2017.12.021
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

	Editorial: Chronic effects on brain development induced by early-life stress
	Author contributions
	Conflict of interest
	Publisher's note
	References


