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Introduction 
The central nervous system (CNS) has long been 
considered an immune-privileged site, protected 
from peripheral immune surveillance by the 
blood-brain barrier (BBB). This tightly regulated 
interface between the bloodstream and brain 
parenchyma plays a crucial role in maintaining 
neural homeostasis and shielding the brain from 
pathogens and inflammation. The balance 
between protective and pathogenic immune 
responses determines the outcome of these 
interactions. BBB dysfunction is a hallmark of 
many neurological disorders. In MS, for 
example, autoreactive T cells breach the BBB 
and initiate demyelination. In Alzheimer’s 
disease, BBB breakdown allows peripheral 
inflammatory mediators to enter the brain, 
exacerbating neurodegeneration. Similarly, in 
stroke and traumatic brain injury, BBB 
disruption leads to edema and secondary 
damage. However, recent discoveries have 
reshaped our understanding of the BBB—not as 
an impenetrable wall, but as a dynamic gateway 
that selectively permits immune cell trafficking 
under both physiological and pathological 
conditions. Understanding how immune cells 
interact with the blood-brain interface is essential 
for unraveling the mechanisms behind 
neuroinflammatory diseases and developing 
targeted therapies [1]. 

Several immune cell populations interact with 
the BBB during neuroinflammation: CD4+ and 
CD8+ T cells play central roles in CNS 
autoimmunity, particularly in diseases like 
multiple sclerosis (MS). They recognize CNS 
antigens and orchestrate inflammatory responses. 

These cells infiltrate the CNS and differentiate 
into inflammatory macrophages, contributing to 
tissue damage and cytokine production. Although 
less common in the CNS, neutrophils can enter 
during acute infections or trauma, releasing 
reactive oxygen species and proteases. In 
conditions like MS and neuromyelitis optica, B 
cells cross the BBB and produce pathogenic 
antibodies within the CNS. The BBB is formed by 
a specialized network of endothelial cells 
connected by tight junctions, supported by 
pericytes, astrocytic endfeet, and the extracellular 
matrix. This neurovascular unit regulates the 
passage of ions, nutrients, and cells between the 
blood and CNS. Under normal conditions, the BBB 
restricts the entry of most immune cells, 
maintaining a controlled immune environment 
within the brain [2]. 

However, the BBB is not uniform throughout the 
CNS. Regions such as the choroid plexus and 
circumventricular organs exhibit greater 
permeability, allowing for immune surveillance and 
communication between the CNS and peripheral 
immune system. Contrary to earlier beliefs, the 
healthy brain is not devoid of immune activity. 
Microglia, the resident immune cells of the CNS, 
constantly monitor the environment for signs of 
infection or injury. Additionally, small numbers of 
T cells and macrophages patrol the CNS via the 
cerebrospinal fluid (CSF) and meningeal spaces 
[3]. 

Recent studies have identified lymphatic vessels in 
the meninges that drain CSF and immune cells to 
peripheral lymph nodes, facilitating antigen 
presentation and immune regulation. This 
discovery has bridged the gap between CNS 
immunity and systemic immune responses. Under 
inflammatory conditions, the BBB undergoes 
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structural and functional changes that permit the 
entry of peripheral immune cells. Key mechanisms 
include: Cytokines such as TNF-α and IL-1β 
induce the expression of adhesion molecules (e.g., 
ICAM-1, VCAM-1) on endothelial cells, 
promoting leukocyte adhesion and transmigration 
[4]. 

Chemokines like CCL2 and CXCL10 attract 
monocytes and T cells to the CNS. Matrix 
metalloproteinases (MMPs) degrade the basement 
membrane, facilitating immune cell infiltration. 
Immune cells cross the BBB either through 
endothelial cells (transcellular) or between them 
(paracellular), depending on the context and cell 
type. These processes are tightly regulated but can 
become dysregulated in disease states, leading to 
excessive immune cell infiltration and tissue 
damage [5]. 

Conclusion 
Imaging techniques such as contrast-enhanced MRI 
have revealed BBB leakage in various conditions, 
correlating with disease severity and progression. 
Recent advances in single-cell sequencing, 
intravital imaging, and organ-on-chip models are 
shedding light on the complex interactions at the 
blood-brain interface. Researchers are exploring: 
Targeting immune cell interactions with the BBB 
offers promising therapeutic avenues: Drugs like 
natalizumab inhibit VLA-4, preventing T cell 
migration into the CNS and reducing MS relapses. 
Inhibiting chemokine receptors can reduce immune 
cell recruitment and inflammation. Agents that 
strengthen tight junctions or inhibit MMPs may 
protect the BBB and limit immune cell entry. 
Strategies to retrain the immune system to tolerate 
CNS antigens could prevent autoimmune attacks. 
These approaches aim to balance immune 
protection with the need to prevent excessive 
inflammation. 

Conclusion 
The blood-brain barrier is not a static wall but a 
dynamic interface that regulates immune cell 
access to the CNS. In health, it maintains neural 
integrity and immune surveillance. In disease, its 
disruption allows immune cells to infiltrate and 
contribute to pathology. Deciphering the 
mechanisms of immune cell interaction with the 
BBB is key to unlocking new treatments for 
neuroinflammatory and neurodegenerative 
diseases. As research continues to illuminate this 
frontier, the hope is to harness immune responses 
for healing rather than harm. 

References 

1. Weckbach LT, Schweizer L, Kraechan A, 
et al. Association of Complement and 
MAPK Activation With SARS-CoV-2–
Associated Myocardial Inflammation. 
JAMA Cardiol. 2022;7(3):286-97. 

2. Babapoor-Farrokhran S, Rasekhi RT, Gill 
D, et al. Arrhythmia in COVID-19. SN 
Compr Clin Med. 2020;2(9):1430-5. 

3. Ragab D, Salah Eldin H, Taeimah M, et 
al. The COVID-19 cytokine storm; what 
we know so far. Front Immunol. 
2020:1446. 

4. Collantes ME, Espiritu AI, Sy MC, et 
al. Neurological manifestations in 
COVID-19 infection: a systematic review 
and meta-analysis. Can J Neurol Sci. 
2021;48(1):66-76. 

5. Palaiodimou L, Stefanou MI, Katsanos 
AH, et al. Prevalence, clinical 
characteristics and outcomes of Guillain− 
Barre syndrome spectrum associated with 
COVID?19: A systematic review and 
meta?analysis. Eur J Neurol. 
2021;28(10):3517-29.

 

 

https://jamanetwork.com/journals/jamacardiology/article-abstract/2786891
https://jamanetwork.com/journals/jamacardiology/article-abstract/2786891
https://jamanetwork.com/journals/jamacardiology/article-abstract/2786891
https://link.springer.com/article/10.1007/s42399-020-00454-2
https://www.frontiersin.org/articles/10.3389/fimmu.2020.01446/full?refcode=login
https://www.frontiersin.org/articles/10.3389/fimmu.2020.01446/full?refcode=login
https://www.cambridge.org/core/journals/canadian-journal-of-neurological-sciences/article/neurological-manifestations-in-covid19-infection-a-systematic-review-and-metaanalysis/3EA5B0B42211E2DFFE9BE37DA6E1F661
https://www.cambridge.org/core/journals/canadian-journal-of-neurological-sciences/article/neurological-manifestations-in-covid19-infection-a-systematic-review-and-metaanalysis/3EA5B0B42211E2DFFE9BE37DA6E1F661
https://www.cambridge.org/core/journals/canadian-journal-of-neurological-sciences/article/neurological-manifestations-in-covid19-infection-a-systematic-review-and-metaanalysis/3EA5B0B42211E2DFFE9BE37DA6E1F661
https://onlinelibrary.wiley.com/doi/abs/10.1111/ene.14860
https://onlinelibrary.wiley.com/doi/abs/10.1111/ene.14860
https://onlinelibrary.wiley.com/doi/abs/10.1111/ene.14860
https://onlinelibrary.wiley.com/doi/abs/10.1111/ene.14860
https://onlinelibrary.wiley.com/doi/abs/10.1111/ene.14860

	Crossing the barrier: How immune cells interact with the blood-brain interface.
	Xui Sheng*
	Department of Internal Medicine, The Christ Hospital Health Network, Cincinnati, Ohio
	Received: 02-Aug-2025, Manuscript No. AAICR-25-171201; Editor assigned: 03-Aug-2025, Pre QC No. AAICR-25-171201(PQ); Reviewed: 18-Aug-2025, QC No. AAICR-25-171201; Revised: 24-Aug-2025, Manuscript No. AAICR-25-171201(R); Published: 30-Aug-2025, DOI: 1...
	Conclusion
	References


