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Abstract

modulating strategies.

Neurodegenerative diseases (NDs) such as Alzheimer’s, Parkinson’s, and multiple sclerosis are characterized by
progressive neuronal loss, often accompanied by an imbalance in immune responses. Recent research in the Journal
of Clinical & Experimental Neuroimmunology (JCE Neuroimmunology) has expanded our understanding of the immune
mechanisms that drive neurodegeneration. Immune system dysfunction, particularly in microglial activation, cytokine
production, and T-cell responses, plays a central role in the pathophysiology of these diseases. This article reviews
key findings from JCE Neuroimmunology, focusing on the molecular and cellular mechanisms of neuroinflammation,
the contribution of innate and adaptive immune cells to disease progression, and the therapeutic potential of immune-
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Introduction

Neurodegenerative diseases (NDs) are a group of disorders
characterized by the progressive degeneration of the central nervous
system (CNS). These diseases include Alzheimer's disease (AD),
Parkinson's disease (PD), Huntington's disease (HD), and multiple
sclerosis (MS), which collectively represent a growing public
health concern as the global population ages. The pathogenesis
of NDs has long been thought to be driven primarily by genetic
mutations and environmental factors; however, the role of immune
system dysregulation is now emerging as a central player in disease
development and progression. The Journal of Clinical & Experimental
Neuroimmunology (JCE Neuroimmunology) has contributed
significantly to advancing our understanding of the complex
relationship between the immune system and neurodegeneration. In
thisarticle, we explore key insights derived from JCE Neuroimmunology
that highlight immune mechanisms underpinning neurodegeneration.
Specifically, we examine the role of neuroinflammation, the activation
of microglia, and T-cell involvement in disease progression, while also
considering emerging therapeutic strategies aimed at modulating the
immune response in NDs [1].

Immune system involvement in neurodegeneration:
Neurodegeneration is increasingly recognized as a process that is
closely intertwined with immune system activation. In NDs, chronic
neuroinflammation—driven by both innate and adaptive immune
responses—plays a crucial role in disease progression. The immune
system in the CNS differs from that in peripheral tissues, primarily due
to the blood-brain barrier (BBB), which tightly regulates the entry of
immune cells and inflammatory mediators. However, in the context
of neurodegeneration, this regulation is disrupted, leading to local
immune activation and subsequent neuronal damage.

Microglial activation: a central role in neuroinflammation:
Microglia, the resident immune cells of the CNS, are the primary
responders to injury or disease within the brain. Under normal
conditions, microglia maintain homeostasis and support neuronal
function. However, in response to injury or disease, microglia
undergo activation, releasing a range of pro-inflammatory cytokines,
chemokines, and reactive oxygen species (ROS). This response,
while initially protective, can become chronic and maladaptive,
exacerbating neurodegeneration. Recent research published in JCE
Neuroimmunology has elucidated the dual nature of microglial
activation in NDs. On one hand, microglia are essential for clearing

cellular debris, plaques, and apoptotic cells. On the other hand,
prolonged activation leads to the release of neurotoxic factors that
contribute to neuronal death. Studies have highlighted the role of
microglial polarization—specifically the M1 (pro-inflammatory) and
M2 (anti-inflammatory) phenotypes—in determining the progression
of neurodegenerative diseases. A shift toward M1 microglia and the
dominance of pro-inflammatory cytokines such as TNF-a, IL-1p,
and IL-6 have been associated with the exacerbation of diseases like
Alzheimer's and Parkinson’s.

Cytokine and chemokine dysregulation in neurodegeneration:
Cytokines and chemokines are key mediators of neuroinflammation.
In the context of neurodegenerative diseases, an imbalance between
pro-inflammatory and anti-inflammatory cytokines contributes to
the pathological environment in the brain [2]. Elevated levels of pro-
inflammatory cytokines, such as IL-1B, TNF-a, and IL-6, have been
detected in the brains and cerebrospinal fluid of individuals with AD,
PD, and MS. These cytokines induce further activation of microglia
and astrocytes, create a neurotoxic environment, and impair synaptic
function.

Chemokines, such as CCL2 and CXCL10, play a crucial role in the
recruitment of peripheral immune cells to the CNS. These immune
cells, including T lymphocytes, macrophages, and neutrophils, further
exacerbate neuroinflammation and contribute to neurodegeneration.
Studies featured in JCE Neuroimmunology have shown that targeting
specific cytokines and chemokines—through neutralizing antibodies
or small molecule inhibitors—holds promise as a therapeutic strategy
for controlling neuroinflammation in NDs [3].

Adaptive immune system in neurodegeneration: While the innate
immune system, particularly microglia, has traditionally been seen
as the primary mediator of neuroinflammation, emerging evidence
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suggests that adaptive immune responses, especially T-cell activation,
also play a significant role in neurodegeneration.

Discussion

T lymphocytes are central players in the adaptive immune response.
In autoimmune neurodegenerative diseases such as MS, T cells play a
well-established role in attacking the CNS, leading to demyelination and
neuronal damage. In diseases like AD and PD, T cells also contribute to
the inflammatory milieu, although the exact mechanisms remain less
clear. JCE Neuroimmunology has published several studies examining
the role of different T-cell subsets—particularly CD4+ helper T cells
and CD8+ cytotoxic T cells—in NDs. T cells are activated by antigen-
presenting cells (APCs) such as dendritic cells, which process and
present antigens to initiate an immune response. In neurodegenerative
diseases, these T cells can infiltrate the brain and contribute to tissue
damage. In AD, for example, studies have shown that activated CD4+
T cells infiltrate the brain and exacerbate amyloid plaque deposition
and neuronal loss. In PD, CD8+ T cells have been implicated in the
destruction of dopaminergic neurons. Given the complex role of
immune responses in neurodegeneration, researchers are increasingly
focused on developing immune-modulating therapies to prevent
or slow disease progression. Several promising approaches have
emerged from research in JCE Neuroimmunology. Immunotherapy
has shown promise in Alzheimer's disease, with several clinical trials
targeting amyloid plaques or tau tangles—the hallmark pathological
features of the disease. However, these therapies also modulate the
immune response, either by enhancing or suppressing inflammation.
For example, monoclonal antibodies targeting amyloid-beta (such
as aducanumab) are thought to clear amyloid plaques but may also
influence microglial activation and cytokine production [4-9]. In
PD, therapies aimed at modulating the immune response are also in
development. Studies have shown that reducing inflammation through
the use of nonsteroidal anti-inflammatory drugs (NSAIDs) or immune-
modulating agents may offer neuroprotective effects.

Conclusion

The immune system plays a pivotal role in the development and

progressionofneurodegenerativediseases. Chronicneuroinflammation,
driven by activated microglia, cytokine dysregulation, and T-cell
involvement, contributes to the pathology of diseases like Alzheimer's,
Parkinson's, and multiple sclerosis.Future research should continue to
explore how best to target immune mechanisms in the CNS, aiming
to provide effective treatments that not only slow disease progression
but also improve the quality of life for patients suffering from these
devastating disorders.

Acknowledgement

None

Conflict of Interest
None

References

1. Binder RL, Guze SB, Appelbaum PS, Lieberman JA, Rabins PV, et al.
(1998) Guidelines for assessing the decision-making capacities of potential
research subjects with cognitive impairment. Am J Psychiatry 155:1649-50.

2. Karlawish J (2008) Measuring decision-making capacity in cognitively impaired
individuals. Neurosignals 16:91-8.

3. Wong JG, Clare IC, Gunn MJ, Holland AJ (1999) Capacity to make health care
decisions: Its importance in clinical practice. Psychol Med 29:437-46.

4. Assessment of Mental Capacity: Guidance for Doctors and Lawyers (2008)
London: British Medical Association.

5. Appelbaum PS (2007) Clinical practice. Assessment of patients’ competence to
consent to treatment. N Engl J Med 357:1834-40.

6. Jackson E, Warner J (2002) How much do doctors know about consent and
capacity? J R Soc Med 95:601-3.

7. Royall DR, Cordes J, Polk M (1997) Executive control and the comprehension
of medical information by elderly retirees. Exp Aging Res 23:301-13.

8. Marson DC, Chatterjee A, Ingram KK, Harrell LE (1996) Toward a neurologic
model of competency: Cognitive predictors of capacity to consent in Alzheimer's
disease using three different legal standards. Neurology 46:666-72.

9. Kim SY, Karlawish JH, Caine ED (2002) Current state of research on decision-
making competence of cognitively impaired elderly persons. Am J Geriatr
Psychiatry10:151-65.

J Clin Exp Neuroimmunol, an open access journal

Volume 9 « Issue 5 + 1000262


https://pubmed.ncbi.nlm.nih.gov/9812160/
https://pubmed.ncbi.nlm.nih.gov/9812160/
https://www.karger.com/Article/FullText/109763
https://www.karger.com/Article/FullText/109763
https://www.cambridge.org/core/journals/psychological-medicine/article/abs/capacity-to-make-health-care-decisions-its-importance-in-clinical-practice/3CE2AD6C2089FFBD7B5A292C8196BEA5
https://www.cambridge.org/core/journals/psychological-medicine/article/abs/capacity-to-make-health-care-decisions-its-importance-in-clinical-practice/3CE2AD6C2089FFBD7B5A292C8196BEA5
https://www.wiley.com/en-us/Assessment+of+Mental+Capacity%3A+Guidance+for+Doctors+and+Lawyers%2C+2nd+Edition-p-9780470757307
https://www.nejm.org/doi/full/10.1056/NEJMcp074045
https://www.nejm.org/doi/full/10.1056/NEJMcp074045
http://jrsm.rsmjournals.com/cgi/doi/10.1258/jrsm.95.12.601
http://jrsm.rsmjournals.com/cgi/doi/10.1258/jrsm.95.12.601
https://agsjournals.onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.1992.tb03646.x
https://agsjournals.onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.1992.tb03646.x
https://jamanetwork.com/abusenotice
https://jamanetwork.com/abusenotice
https://jamanetwork.com/abusenotice
https://linkinghub.elsevier.com/retrieve/pii/S1064748112613402
https://linkinghub.elsevier.com/retrieve/pii/S1064748112613402

	Abstract

