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Editorial on the Research Topic

Multifaceted Interactions Between Immunity and the Diseased Brain

Neuroimmune interactions are closely entangled with different aspects of tissue physiology and
dysfunction. This Research Topic is a compilation of five review and three original articles that
mainly focus on different neuroimmune cellular and molecular players and their roles in central
nervous system (CNS) health and disease.

Immune cells circulating in the blood, residing in the meninges and choroid plexus, as well as
those inhabiting the CNS actively participate in tissue surveillance and regulate neural function and
behavior (Derecki et al., 2010; Filiano et al., 2016; Alves de Lima et al., 2020a; Croese et al., 2021; Da
Mesquita et al., 2021a; das Neves et al., 2021). Lutshumba et al. are contributing with a manuscript
entitled “Dysregulation of systemic immunity in aging and dementia,” which broadly summarizes the
age-related changes in peripheral immune function, focusing on adaptive immune cells as a source
of inflammation, and discusses how untamed lymphocyte activation may exacerbate both systemic
and CNS inflammation, ultimately contributing to the development of dementia. Still centering on
peripheral immune responses in neurodegeneration, the manuscript “WHOPPA enables parallel
assessment of LRRK2 and GCase enzymatic activity in Parkinson’s disease monocytes,” by Wallings
et al. proposes an optimized protocol for the collection, processing, and analysis (by flow cytometry)
of peripheral blood mononuclear cells from idiopathic Parkinson’s disease patients, and healthy
controls, coined “WHOPPA.” In this study, the authors suggest that this method can be used,
amongst other things, for the standardized assessment of the levels of leucine-rich repeat kinase 2
(LRRK2) and glucocerebrosidase (GCase) in blood monocytes of healthy or idiopathic Parkinson’s
disease patients, which might be promising and reliable biomarkers.

Many interactions between the CNS and immune cells take place in the vicinity of the blood-
brain barrier (BBB) and are modulated by the cellular components of the neurovascular unit,
such as the tightly bound blood endothelial cells, perivascular macrophages, pericytes, and the
ensheathing astrocytic endfeets (Sweeney et al., 2019; Alves de Lima et al., 2020b; Croese et al.,
2021; Procter et al., 2021). The BBB, formed by the blood endothelial cells, is at the center of the
study by Dayton et al. “Expression of IL-20 receptor subunit beta is linked to EAE neuropathology
and CNS neuroinflammation.” Overall, the data in this manuscript indicate that an upregulation
of interleukin 20 (IL-20) receptor subunit beta in the neurovasculature of mice with experimental
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autoimmune encephalomyelitis might be upstream of C-X-
C motif chemokine ligand 12 mediated BBB disruption and
contribute to immune cell extravasation into the CNS.

Under healthy conditions, brain border tissues like the
meninges and the choroid plexus stroma harbor a variety of
immune cells that are physically separated from the brain
parenchyma. In certain diseases, however, these neuroimmune
interfaces may serve as gateways for peripheral immune cell entry
into the CNS (Alves de Lima et al., 2020b; Croese et al., 2021; Cui
et al., 2021; Da Mesquita et al., 2021a; Rustenhoven et al., 2021).
In fact, a study focusing on the choroid plexus by Van Hoecke
et al. shows that mice deficient in the Niemann-Pick disease
type C intracellular cholesterol transporter 1 (Npc1) gene show
an exacerbated inflammatory response at this barrier tissue that
is accompanied by autophagosome formation in choroid plexus
epithelial cells and presence of enlarged extracellular vesicles in
the cerebrospinal fluid (CSF). In this study entitled “Involvement
of the choroid plexus in the pathogenesis of Niemann-Pick
disease type C,” the authors also show that the proinflammatory
extracellular vesicles isolated from the CSF of Npc1-deficient
mice can per se recapitulate the typical gliosis observed in the
brains of the Niemann-Pick disease type C mouse model.

Regardless of their often-remote anatomical localization,
border-associated immune cells actively secrete cytokines and
other soluble factors that support brain physiology bymodulating
the function of parenchymal neurons and glia. However, when
unbalanced or unchecked, the crosstalk between immune and
neuronal cells might become detrimental to brain function
(Alves de Lima et al., 2020b; Croese et al., 2021). This type of
deleterious neuroimmune interactions is thought to be triggered
by certain microbial infections (Funk and Klein, 2019; Garber
et al., 2019; Funk et al., 2021) and may underly the appearance
of neurological disorders, a topic that is thoroughly discussed
by Lotz et al. in “Microbial infections are a risk factor for
neurodegenerative diseases.”

The (re)discovery of a genuine and functional meningeal
lymphatic vascular system that constantly drains the brain and
spinal cord has also challenged some pre-established concepts
of CNS immune privilege and led to new hypotheses regarding
the role of lymphatic drainage in brain physiology and disease
(Louveau et al., 2015; Da Mesquita et al., 2018, 2021b; das Neves
et al., 2021). This Research Topic includes a review manuscript,
“Neuroinflammation-driven lymphangiogenesis in CNS diseases,”
by Hsu et al. where authors highlight the phenomenon of
lymphangiogenesis by a subset of meningeal lymphatics near

the cribriform plate and closely examine the current knowledge
about the roles of these particular meningeal lymphatic vessels in
models of neuroinflammatory conditions.

Microglia, the brain-resident innate immune cells, as well as
other glial cell populations like astrocytes and oligodendrocyte
lineage cells, play a central role not only in supporting
neuronal function, but also in the neuroimmune response to
pathogenic insults, including trauma, infection, inflammation,
accumulation of misfolded proteins and neurodegeneration
(Keren-Shaul et al., 2017; Falcao et al., 2018; Wendeln et al.,
2018; Castellani and Schwartz, 2020; McAlpine et al., 2021).
The publications by Afridi and Suk “Neuroinflammatory basis
of depression: learning from experimental models,” and Hanslik
et al. “Modulation of glial function in health, aging, and
neurodegenerative disease,” provide up-to-date overviews on
the physiological roles of microglia and astrocytes, and their
involvement in the pathophysiology of certain diseases, like
depression, Alzheimer’s, and Parkinson’s. These two review
articles also offer very interesting insights from the authors, who
underline some open questions and controversies in the field of
glial cell biology and neurodegeneration.

Altogether, the manuscripts that constitute this Research
Topic emphasize the need to advance our understanding about
the mechanisms regulating the brain-immune axis, in order to
develop effective therapeutic strategies and halt brain function
decay in different neurological disorders.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and
intellectual contribution to the work and approved it
for publication.

FUNDING

KF is supported by the National Institutes of Health (R00
AG53412). AM is supported by the UK Dementia Research
Institute (MRC, Alzheimer’s Society, ARUK), the UKRI Medical
Research Council (Career Development Award MR/V032488/1),
and the French Foundation for Research on Alzheimer’s Disease
(FRA). AF is supported by the Portuguese Foundation for Science
and Technology (2020.02753.CEECIND) and by the Swedish
Research Council (grant no. 2019-02030). SD is supported
by the Bright Focus Foundation (A2021025S), and the Cure
Alzheimer’s Fund.

REFERENCES

Alves de Lima, K., Rustenhoven, J., Da Mesquita, S., Wall, M., Salvador, A. F.,

Smirnov, I., et al. (2020a). Meningeal gammadelta T cells regulate anxiety-

like behavior via IL-17a signaling in neurons. Nat. Immunol. 21, 1421–1429.

doi: 10.1038/s41590-020-0776-4

Alves de Lima, K., Rustenhoven, J., and Kipnis, J. (2020b). Meningeal

immunity and its function in maintenance of the central nervous

system in health and disease. Annu. Rev. Immunol. 38, 597–620.

doi: 10.1146/annurev-immunol-102319-103410

Castellani, G., and Schwartz, M. (2020). Immunological features of

non-neuronal brain cells: implications for Alzheimer’s disease

immunotherapy. Trends Immunol. 41, 794–804. doi: 10.1016/j.it.2020.

07.005

Croese, T., Castellani, G., and Schwartz, M. (2021). Immune cell

compartmentalization for brain surveillance and protection. Nat. Immunol. 22,

1083–1092. doi: 10.1038/s41590-021-00994-2

Cui, J., Xu, H., and Lehtinen, M. K. (2021). Macrophages on the margin:

choroid plexus immune responses. Trends Neurosci. 44, 864–875.

doi: 10.1016/j.tins.2021.07.002

Frontiers in Cellular Neuroscience | www.frontiersin.org 2 June 2022 | Volume 16 | Article 941590

https://doi.org/10.3389/fncel.2021.757482
https://doi.org/10.3389/fncel.2021.691136
https://doi.org/10.3389/fncel.2021.683676
https://doi.org/10.3389/fncel.2021.691067
https://doi.org/10.3389/fncel.2021.718324
https://doi.org/10.1038/s41590-020-0776-4
https://doi.org/10.1146/annurev-immunol-102319-103410
https://doi.org/10.1016/j.it.2020.07.005
https://doi.org/10.1038/s41590-021-00994-2
https://doi.org/10.1016/j.tins.2021.07.002
https://www.frontiersin.org/journals/cellular-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/cellular-neuroscience#articles


Funk et al. Editorial: Immunity and the Diseased Brain

Da Mesquita, S., Herz, J., Wall, M., Dykstra, T., de Lima, K. A., Norris, G. T., et al.

(2021a). Aging-associated deficit in CCR7 is linked to worsened glymphatic

function, cognition, neuroinflammation, and beta-amyloid pathology. Sci. Adv.

7:eabe4601. doi: 10.1126/sciadv.abe4601

Da Mesquita, S., Louveau, A., Vaccari, A., Smirnov, I., Cornelison, R.

C., Kingsmore, K. M., et al. (2018). Functional aspects of meningeal

lymphatics in ageing and Alzheimer’s disease. Nature 560, 185–191.

doi: 10.1038/s41586-018-0368-8

Da Mesquita, S., Papadopoulos, Z., Dykstra, T., Brase, L., Farias, F. G., Wall,

M., et al. (2021b). Meningeal lymphatics affect microglia responses and

anti-Abeta immunotherapy. Nature 593, 255–260. doi: 10.1038/s41586-021-03

489-0

das Neves, S. P., Delivanoglou, N., and Da Mesquita, S. (2021). CNS-draining

meningeal lymphatic vasculature: roles, conundrums and future challenges.

Front. Pharmacol. 12:655052. doi: 10.3389/fphar.2021.655052

Derecki, N. C., Cardani, A. N., Yang, C. H., Quinnies, K. M., Crihfield, A., Lynch,

K. R., et al. (2010). Regulation of learning andmemory bymeningeal immunity:

a key role for IL-4. J. Exp. Med. 207, 1067–1080. doi: 10.1084/jem.20091419

Falcao, A. M., van Bruggen, D., Marques, S., Meijer, M., Jakel, S., Agirre, E., et al.

(2018). Disease-specific oligodendrocyte lineage cells arise in multiple sclerosis.

Nat. Med. 24, 1837–1844. doi: 10.1038/s41591-018-0236-y

Filiano, A. J., Xu, Y., Tustison, N. J., Marsh, R. L., Baker, W., Smirnov,

I., et al. (2016). Unexpected role of interferon-gamma in regulating

neuronal connectivity and social behaviour. Nature 535, 425–429.

doi: 10.1038/nature18626

Funk, K. E., Arutyunov, A. D., Desai, P., White, J. P., Soung, A. L., Rosen, S. F.,

et al. (2021). Decreased antiviral immune response within the central nervous

system of aged mice is associated with increased lethality of West Nile virus

encephalitis. Aging Cell 20:e13412. doi: 10.1111/acel.13412

Funk, K. E., and Klein, R. S. (2019). CSF1R antagonism limits local restimulation of

antiviral CD8(+) T cells during viral encephalitis. J. Neuroinflammation 16:22.

doi: 10.1186/s12974-019-1397-4

Garber, C., Soung, A., Vollmer, L. L., Kanmogne, M., Last, A., Brown, J., et al.

(2019). T cells promote microglia-mediated synaptic elimination and cognitive

dysfunction during recovery from neuropathogenic flaviviruses. Nat. Neurosci.

22, 1276–1288. doi: 10.1038/s41593-019-0427-y

Keren-Shaul, H., Spinrad, A., Weiner, A., Matcovitch-Natan, O., Dvir-Szternfeld,

R., Ulland, T. K., et al. (2017). A unique microglia type associated with

restricting development of Alzheimer’s disease. Cell 169, 1276–1290.e1217.

doi: 10.1016/j.cell.2017.05.018

Louveau, A., Smirnov, I., Keyes, T. J., Eccles, J. D., Rouhani, S. J., Peske, J. D., et al.

(2015). Structural and functional features of central nervous system lymphatic

vessels. Nature 523, 337–341. doi: 10.1038/nature14432

McAlpine, C. S., Park, J., Griciuc, A., Kim, E., Choi, S. H., Iwamoto, Y., et al. (2021).

Astrocytic interleukin-3 programs microglia and limits Alzheimer’s disease.

Nature 595, 701–706. doi: 10.1038/s41586-021-03734-6

Procter, T. V., Williams, A., and Montagne, A. (2021). Interplay between brain

pericytes and endothelial cells in dementia. Am. J. Pathol. 191, 1917–1931.

doi: 10.1016/j.ajpath.2021.07.003

Rustenhoven, J., Drieu, A., Mamuladze, T., de Lima, K. A., Dykstra, T., Wall,

M., et al. (2021). Functional characterization of the dural sinuses as a

neuroimmune interface. Cell 184, 1000–1016.e1027. doi: 10.1016/j.cell.2020.1

2.040

Sweeney, M. D., Zhao, Z., Montagne, A., Nelson, A. R., and Zlokovic,

B. V. (2019). Blood-brain barrier: from physiology to disease

and back. Physiol. Rev. 99, 21–78. doi: 10.1152/physrev.00050.

2017

Wendeln, A. C., Degenhardt, K., Kaurani, L., Gertig, M., Ulas, T., Jain, G.,

et al. (2018). Innate immune memory in the brain shapes neurological

disease hallmarks. Nature 556, 332–338. doi: 10.1038/s41586-018-0

023-4

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.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Funk, Montagne, Falcao and Da Mesquita. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Cellular Neuroscience | www.frontiersin.org 3 June 2022 | Volume 16 | Article 941590

https://doi.org/10.1126/sciadv.abe4601
https://doi.org/10.1038/s41586-018-0368-8
https://doi.org/10.1038/s41586-021-03489-0
https://doi.org/10.3389/fphar.2021.655052
https://doi.org/10.1084/jem.20091419
https://doi.org/10.1038/s41591-018-0236-y
https://doi.org/10.1038/nature18626
https://doi.org/10.1111/acel.13412
https://doi.org/10.1186/s12974-019-1397-4
https://doi.org/10.1038/s41593-019-0427-y
https://doi.org/10.1016/j.cell.2017.05.018
https://doi.org/10.1038/nature14432
https://doi.org/10.1038/s41586-021-03734-6
https://doi.org/10.1016/j.ajpath.2021.07.003
https://doi.org/10.1016/j.cell.2020.12.040
https://doi.org/10.1152/physrev.00050.2017
https://doi.org/10.1038/s41586-018-0023-4
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cellular-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/cellular-neuroscience#articles

	Editorial: Multifaceted Interactions Between Immunity and the Diseased Brain
	Author Contributions
	Funding
	References


