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tau/p-tau or α-synuclein), the activation of microglia 
triggers several signal transduction pathways, including 
phosphoinositide 3-kinase/protein kinase B (PI3K/AKT), 
mitogen-activated protein kinase (MAPK) and mamma-
lian target of rapamycin (mTOR), leading to transcription 
factor nuclear factor kappa-light-chain-enhancer of acti-
vated B cells (NF-κB) activation (9–10). The subsequent 
production of pro-inflammatory cytokines, chemokines, 
inducible enzymes (e.g., inducible nitric oxide synthase 
-iNOS) and cyclooxygenase 2 (COX-2) drive neuroin-
flammation. Numerous studies have indeed documented 
the increased production of different cytokines, includ-
ing interleukin-1β (IL-1β), IL-6, IL-18, IL-12, IL-23, IL-33 
and tumor necrosis factor-α (TNF-α), in various neuro-
logical and neuropsychiatric disorders [11]. For example, 
high expression of IL-1β in microglia cells surrounding 
Aβ plaques was observed in AD patients [12]. Moreover, 
the neuroinflammation observed in neurological dis-
orders has a pivotal role in exacerbating Aβ burden and 
tau hyperphosphorylation, suggesting that stimulating 
cytokines in response to an undesirable external response 
could be a checkpoint for treating neurological disorders.

It has become clear that inflammation also contrib-
utes to pathological, clinical and functional outcomes 
in the context of acquired brain injuries such as TBI 
and stroke [7]. It is noteworthy that acquired brain inju-
ries represent a risk factor for the chronic neurodegen-
erative diseases mentioned above. Much research has 

Inflammation is a biological process that dynamically alters 
the surrounding microenvironment, including participat-
ing immune cells [1]. Surrounded by specialized barriers 
and with immune-specific properties, the central nervous 
system (CNS) tightly regulates immune responses [2]. In 
‘neuroinflammatory’ conditions, pathogenic immunity 
can disrupt CNS structure and function [3]. Neuroinflam-
mation has been observed as a key pathway in the onset 
and/or progression of several neurological disorders 
defined as inflammatory (e.g., multiple sclerosis, vasculi-
tis, etc.), but also in neurological conditions not usually 
categorized as inflammatory, such as Alzheimer’s disease 
(AD), Parkinson’s disease, amyotrophic lateral sclerosis, 
stroke and traumatic brain injuries (TBI) [4–8].

The activation of glial cells and complement-mediated 
pathways, the synthesis of inflammation mediators, 
and the recruitment of leukocytes, are key elements of 
brain inflammation. Under the influence of exogenous 
and endogenous factors (e.g., trauma, stroke, chronic 
infections, disease-related proteins like amyloid-β (Aβ), 
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Abstract
Starting from the perspective of an immune-privileged site, our knowledge of the inflammatory processes within 
the central nervous system has increased rapidly over the last 30 years, leading to a rather puzzling picture today. 
Of particular interest is the emergence of disease- and injury-specific inflammatory responses within the brain, 
which may form the basis for future therapeutic approaches. To advance this important topic, we invite authors to 
contribute research and clinical papers to the Collection “Neuroinflammation and Brain Disease”.
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focused on the role of brain-resident microglia, the pri-
mary immune cells in the CNS, and astrocytes, and how 
they either exacerbate inflammatory damage or help to 
maintain a healthy environment in the CNS. However, 
the duality of inflammatory reactions, often referred to 
as the “double-edged sword”, is still challenging and com-
plicates the development of therapeutic options [13, 14]. 
The underlying mechanisms of neuroinflammation are 
likely to involve multiple cell types and knowledge about 
their in vivo interactions remains elusive. This not only 
applies to brain-resident cells such as neurons, astro-
cytes, microglia, oligodendrocytes and neural progenitor 
cells, but also to the role of early infiltrating and possibly 
persisting peripheral immune cells, such as monocytes, 
macrophages, neutrophils, and T cells. Therefore, it is 
necessary to decipher the crosstalk between various cell 
types, identify differences and commonalities in molec-
ular signaling pathways, and modulate critical signaling 
pathways, in order to gain a more complete knowledge to 
develop therapeutic strategies for treatment. This could 
become possible through the integration of network 
modeling approaches for multi-omics at the tissue and 
single-cell level (15–16).

Another level of complexity arises from crosstalk 
between the brain and other organs. Several studies have 
reported on reciprocal interactions between the injured 
or diseased brain with the gut microbiome and how ther-
apeutic drugs may influence these interactions [17–20]. 
Moreover, organ dysfunction has been recognized to be 
bidirectional, meaning that dysfunction in one organ 
potentiates injury to others. Scientists are just beginning 
to understand how these processes trigger neuroinflam-
mation. For example, TBI can negatively impact various 
organs, including the pulmonary, gastrointestinal, cardio-
vascular, renal, and immune systems [21]. Furthermore, it 
should also be considered that sex, age and comorbidities 
can strongly influence inflammatory responses in acute 
and chronic neurodegeneration (22–23). Finally, to trans-
late results from bench to bedside, consistent improve-
ment and application of diagnostic and prognostic tools, 
including functional neuroimaging, advanced magnetic 
resonance imaging processing and meaningful biomark-
ers [24] to characterize the timing, localization, extent, 
and duration of inflammation are clearly important. The 
identification of suitable biomarkers could be promoted, 
for example, by unified classification schemes to assess 
their clinical utility [25–26]. A better understanding of 
the role that inflammatory processes play in the natural 
history of diseases is essential to identify potential thera-
peutic targets and develop integrated pharmacological 
approaches acting at different levels and stages of disease. 
We hope that this collection will provide a useful plat-
form for articles that address focused research questions 
on molecular and cellular mechanisms in the area of 

neuroinflammation and brain diseases, and also provide 
ideas for integrative organism-level approaches and per-
spectives on therapeutic options.

Abbreviations
CNS	� Central nervous system
TBI	� Traumatic brain injury
Aβ	� Amyloid-β
PI3K/AKT	� Phosphoinositide 3-kinase/protein kinase B
MAPK	� Mitogen-activated protein kinase
mTOR	� Mammalian target of rapamycin
NF-κB	� Nuclear factor kappa-light-chain-enhancer of activated B cells
iNOS	� Inducible nitric oxide synthase
COX-2	� Cyclooxygenase 2
IL-1β	� Interleukin-1β
IL-6	� Interleukin-6
IL-18	� Interleukin-18
IL-12	� Interleukin-12
IL-23	� Interleukin-23
IL-33	� Interleukin-33
TNF-α	� Tumor necrosis factor-α
AD	� Alzheimer's disease

Acknowledgements
None.

Authors’ contributions
AB and MKES drafted the manuscript and revised it critically.  JE critically 
revised the text.

Funding
N/A.

Data Availability
N/A.

Declarations

Ethics approval and consent to participate
N/A.

Consent for publication
N/A.

Competing interests
The authors declare no competing interests.

Received: 23 April 2023 / Accepted: 18 May 2023

References
1.	 Carson MJ, Thrash JC, Walter B. The cellular response in neuroinflamma-

tion: the role of leukocytes, microglia and astrocytes in neuronal death and 
survival. Clin Neurosci Res. 2009;6(5):237–45.

2.	 Kanegawa N, Collste K, Forsberg A, Schain M, Arakawa R, Jucaite A, Lekander 
M, Olgart Höglund C, Kosek E, Lampa J, Halldin C, Farde L, Varrone A, 
Cervenka S. In vivo evidence of a functional association between immune 
cells in blood and brain in healthy human subjects. Brain Behav Immun. 
2016;54:149–57. https://doi.org/10.1016/j.bbi.2016.01.019.

3.	 Shabab T, Khanabdali R, Moghadamtousi SZ, Kadir HA, Mohan G. Neuroin-
flammation pathways: a general review. Int J Neurosci. 2017;127(7):624–33. 
https://doi.org/10.1080/00207454.2016.1212854.

4.	 Heneka MT, Carson MJ, El Khoury J, Landreth GE, Brosseron F, Feinstein DL, 
Jacobs AH, Wyss-Coray T, Vitorica J, Ransohoff RM, Herrup K, Frautschy SA, 
Finsen B, Brown GC, Verkhratsky A, Yamanaka K, Koistinaho J, Latz E, Halle 
A, Petzold GC, Town T, Morgan D, Shinohara ML, Perry VH, Holmes C, Bazan 

http://dx.doi.org/10.1016/j.bbi.2016.01.019
http://dx.doi.org/10.1080/00207454.2016.1212854


Page 3 of 3Bersano et al. BMC Neurology          (2023) 23:227 

NG, Brooks DJ, Hunot S, Joseph B, Deigendesch N, Garaschuk O, Boddeke E, 
Dinarello CA, Breitner JC, Cole GM, Golenbock DT, Kummer MP. Neuroinflam-
mation in Alzheimer’s disease. Lancet Neurol. 2015;14(4):388–405.

5.	 Ransohoff RM. How neuroinflammation contributes to neurodegeneration. 
Science. 2016;353(6301):777–83.

6.	 Schain M, Kreisl WC. Neuroinflammation in neurodegenerative Disorders—
a review. Curr Neurol Neurosci Rep. 2017;17:25. https://doi.org/10.1007/
s11910-017-0733-2.

7.	 Jayaraj RL, Azimullah S, Beiram R, Jalal FY, Rosenberg GA. Neuroinflammation: 
friend and foe for ischemic stroke. J Neuroinflamm. 2019;16(1):142. https://
doi.org/10.1186/s12974-019-1516-2.

8.	 Lim S, Chun Y, Lee JS, Lee SJ. Neuroinflammation in synucleinopathies. Brain 
Pathol. 2016;26(3):404–9.

9.	 Cianciulli A, Porro C, Calvello R, Trotta T, Lofrumento DD, Panaro MA. Microglia 
mediated neuroinflammation: focus on PI3K modulation. Biomolecules. 
2020;10(1):137.

10.	 Jadhav SP, Kamath SP, Choolani M, Lu J, Dheen ST. microRNA-200b modulates 
microglia‐mediated neuroinflammation via the cJun/MAPK pathway. J Neu-
rochem. 2014;130(3):388–401.

11.	 Becher B, Spath S, Goverman J. Cytokine networks in neuroinflammation. Nat 
Rev Immunol. 2017;17(1):49–59.

12.	 Rivera-Escalera F, Pinney JJ, Owlett L, Ahmed H, Thakar J, Olschowka JA, Elliott 
MR, O’Banion MK. IL-1β-driven amyloid plaque clearance is associated with 
an expansion of transcriptionally reprogrammed microglia. J Neuroinflamm. 
2019;16(1):261. https://doi.org/10.1186/s12974-019-1645-7.

13.	 Jadhav P, Karande M, Sarkar A, Sahu S, Sarmah D, Datta A, Chaudhary A, Kalia 
K, Sharma A, Wang X, Bhattacharya P. Glial cells response in stroke. Cell Mol 
Neurobiol. 2023;43:99–113.

14.	 Jadhav P, Karande M, Sarkar A, Sahu S, Sarmah D, Datta A, Chaudhary A, Kalia 
K, Sharma A, Wang X, Bhattacharya P. Glial cells response in stroke. Cell Mol 
Neurobiol. 2023;43:99–113.

15.	 Blencowe M, Arneson D, Ding J, Chen YW, Saleem Z, Yang X. Network model-
ing of single-cell omics data: challenges, opportunities, and progresses. 
Emerg Top Life Sci. 2019;3:379–98.

16.	 Tuohy MC, Hillman EMC, Marshall R, Agalliu D. The age-dependent immune 
response to ischemic stroke. Curr Opin Neurobiol. 2023;78:102670.

17.	 Benakis C, Liesz A. The gut-brain axis in ischemic stroke: its relevance in 
pathology and as a therapeutic target. Neurol Res Pract. 2022;4:57.

18.	 Hanscom M, Loane DJ, Shea-Donohue T. Brain-gut axis dysfunction in the 
pathogenesis of traumatic brain injury. J Clin Invest. 2021;131(12):e143777.

19.	 Li X, Wang Q, Wu D, Zhang D-w, Li S-c, Zhang S-w, Chen X, Li W. The effect of 
a novel anticonvulsant chemical Q808 on gut microbiota and hippocampus 
neurotransmitters in pentylenetetrazole-induced seizures in rats. BMC Neuro-
sci. 2022;23:7.

20.	 Yang C, Feng Z, Deng H, Dai L, He L, Yin L, Zhao J. CXCL1/CXCR2 is involved 
in white matter injury in neonatal rats via the gut–brain axis. BMC Neurosci. 
2022;23:67.

21.	 Faden AI, Barrett JP, Stoica BA, Henry RJ. Bidirectional brain-systemic interac-
tions and outcomes after TBI. Trends in Neuroscience. 2021;44:406–18.

22.	 Ramiro L, Faura J, Simats A, García-Rodríguez P, Ma F, Martín L, Canals F, Rosell 
A, Montaner J. Influence of sex, age and diabetes on brain transcriptome 
and proteome modifications following cerebral ischemia. BMC Neurosci. 
2023;24:7.

23.	 Tariq MB, Lee J, McCullough LD. Sex differences in the inflammatory 
response to stroke. Semin Immunopathol. 2022.  https://doi.org/10.1007/
s00281-022-00969-x.

24.	 Irimia A, Wang B, Aylward SR, Prastawa MW, Pace DF, Gerig G, Hovda DA, 
Kikinis R, Vespa PM, Van Horn JD. Neuroimaging of structural pathology 
and connectomics in traumatic brain injury: toward personalized outcome 
prediction. Neuroimage: Clin. 2012;1:1–17.

25.	 Bernhardt AM, Tiedt S, Teupser D, Dichgans M, Meyer B, Gempt J, Kuhn PH, 
Simons M, Palleis C, Weidinger E, Nübling G, Holdt L, Hönikl L, Gasperi C, 
Giesbertz P, Müller SA, Breimann S, Lichtenthaler SF, Kuster B, Mann M, Imhof 
A, Barth T, Hauck SM, Zetterberg H, Otto M, Weichert W, Hemmer B, Levin J. 
A unified classification approach rating clinical utility of protein biomarkers 
across neurologic diseases. EBioMedicine. 2023;89:104456.

26.	 Shabab T, Khanabdali R, Moghadamtousi SZ, Kadir HA, Mohan G. Neuroin-
flammation pathways: a general review. Int J Neurosci. 2017;127(7):624–33. 
https://doi.org/10.1080/00207454.2016.1212854.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

http://dx.doi.org/10.1007/s11910-017-0733-2
http://dx.doi.org/10.1007/s11910-017-0733-2
http://dx.doi.org/10.1186/s12974-019-1516-2
http://dx.doi.org/10.1186/s12974-019-1516-2
http://dx.doi.org/10.1186/s12974-019-1645-7
http://dx.doi.org/10.1007/s00281-022-00969-x
http://dx.doi.org/10.1007/s00281-022-00969-x
http://dx.doi.org/10.1080/00207454.2016.1212854

	﻿Neuroinflammation and Brain Disease
	﻿Abstract
	﻿References


