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Abstract: Neurodegenerative disorders encompass a range of conditions affecting the central 
nervous system (CNS) in which alterations in the neuronal structure and cellular dysfunction lead to 
progressive deterioration. Activation of microglia and expression of the inflammatory cytokine 
interleukin-1 (IL-1) in the CNS have become almost synonymous with neuroinflammation. 
Additionally, the relentless activation of the IL-1 signalling pathway has been linked with the 
pathogenesis of various CNS disease states, ranging from Alzheimer disease (AD), Parkinson disease 
(PD) to amyotrophic lateral sclerosis (ALS) and multiple sclerosis (MS). Moreover, a growing body of 
evidence has inferred that impeding the IL-1 signalling either pharmacologically or genetically in 
various CNS disease models could reduce neuroinflammation or delay disease progression. This 
review will therefore aim to study the role of IL-1 in neurodegenerative diseases and highlight the 
key aspects that warrant IL-1Ra as a promising target for developing a novel treatment for various 
CNS conditions. 
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1.0  INTRODUCTION 
Neurodegenerative disorders are debilitating 
conditions that primarily impact the central nervous 
system (CNS), where neuronal structure and cellular 
dysfunction deterioration occur progressively (Suescun 
et al., 2019). In most of these neurodegenerative 
diseases, an inflammatory response is observed 
following a CNS insult to shield and restore the damaged 
tissues and ultimately re-establish homeostasis. 
However, in most neurodegenerative disorders, the 
insult persists over time, triggering a progression from 
acute into chronic neuroinflammation (Kwon & Koh, 
2020; Suescun et al., 2019). Brain inflammation is 

characterized by both astrocytes and microglial 
activation as well as key inflammatory mediators, which 
in turn trigger the release of toxic molecules, escalate 
blood–brain barrier (BBB) permeability, enabling 
peripheral immune cell attack, thus ultimately 
compromising brain cells (Kwon & Koh, 2020). Cytokines  
serve as one of the critical mediators of the 
inflammatory response where one of the most 
extensively studied cytokines is the pro-inflammatory 
cytokine IL-1 (interleukin-1), which has been implicated 
in various chronic neurodegenerative disorders      
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2.0  THE IL-1 FAMILY   
Interleukin-1 (IL-1) family are pro-inflammatory 
cytokines capable of multiple phenotypic effects on a 
range of cells and play key roles in both acute and 
chronic inflammatory disorders (Ren & Torres, 2009). 
The IL-1 family consists of two essential agonists, IL-1α 
and IL-1β. Both agonists are encoded by distinct genes 
but produce analogous biological actions (Shaftel et al., 
2008). Both these agonist proteins, IL-1α and IL-1β, 
upon binding to the specific membrane receptors, tend 
to prompt cell activation. IL-1 facilitates its actions via 
an 80 kDa cell surface receptor termed type I IL-1 
receptor (IL-1RI) (Glaccum et al., 1997). These receptors 
are present throughout the brain, with higher levels 
reported within the neuronal-rich regions like the 
hypothalamus, hippocampus, and dentate gyrus 
(Cunningham et al., 1992; Farrar et al., 1987). The IL-1 
family demonstrates an imperative role in inflammation 
where IL-1β overproduction has been linked to the 
pathophysiology of various neurodegenerative 
conditions like Alzheimer disease (AD) and multiple 
sclerosis (MS) (Braddock & Quinn, 2004; Ren & Torres, 
2009). Studies have reported rapid generation of IL-1β 
in rodent brains subjected to insults that ultimately led 
to neuronal damage. Additionally, these observations 
were further corroborated by supportive clinical studies 
that displayed enhanced expression levels of IL-1 
present in patients from several neurodegenerative 
conditions both in post-mortem brain tissues and in 
their cerebrospinal fluid (Rothwell et al., 1997). 
 
The IL-1 family holds an additional member termed IL-1 
receptor antagonist (IL-1Ra) which is encoded by the 
IL1RN gene. It serves as the single example of a naturally 
occurring antagonist molecule that competes with both 
IL-1α and IL-1β, thus decreasing inflammatory signalling 
and inhibiting them from further prompting the 
expression of other pro-inflammatory molecules 
(Chakrabarti et al., 2021; Sims et al., 1988). Based on the 
ability of IL-1Ra to inhibit neuronal loss could be an 
invaluable effective therapeutic agent for 
neurodegenerative diseases.     
 
3.0  ROLE OF IL-1 IN THE CENTRAL NERVOUS SYSTEM  
Inflammation of the CNS appears to be notable due to 
its normal mammalian CNS appearing 
"immunoprotected" with the presence of resident 
immune cells and a highly specific blood-brain barrier 
(BBB). Pattern recognition receptors expressed mainly 
on microglia, the resident macrophages of the brain, are 
the initial responders to tissue damage, following which 
astrocytes and reactive microglia produce various 
molecules to recruit other glial cells and peripheral 

immune cells to the site of injury (Griffiths et al., 2007). 
Increased glial activation, pro-inflammatory cytokine 
concentration, BBB permeability, and leukocyte 
invasion are common events following brain injury and 
have been documented in neurodegenerative diseases. 
One key player that is believed to drive this 
neuroinflammatory process is interleukin (IL)-1 beta, 
which is found to be increased in AD, Parkinson disease 
(PD), MS, and other neurodegenerative disorders 
(Griffin et al., 1994a; Rothwell & Luheshi, 2000). 
 
IL-1 signalling occurs via the type I IL-1 receptor/IL-1 
accessory protein complex, leading to nuclear factor 
kappa-B (NF-κB)-dependent transcription of pro-
inflammatory cytokines like tumour necrosis factor 
(TNF)-alpha, IL-6, interferons, and neutrophil-recruiting 
chemokines (CXCL1 and CXCL2) in glia (Kwon & Koh, 
2020). When IL-1 binds to the IL-1R1, a conformational 
change triggers the IL-1R1 accessory protein (IL-1R1AcP) 
to form a trimer that stimulates the Toll and IL-1R-like 
(TIR) domains to initiate two crucial proteins, the 
myeloid differentiation primary response gene 88 
(MYD88) and the interleukin-1 receptor-activated 
protein kinase (IRAK) (Weber et al., 2010) (Figure 1). 
These actions further stimulate the IL-1 signalling 
pathway causing the activation of two separate 
pathways leading to transcription (Huang et al., 2011). 
In the first pathway, the IκB subunit of the NF-κB is 
phosphorylated, leading to the NF-κB release (Huang et 
al., 2011; Qian et al., 2012). The activation of NF-κB 
causes the release of other pro-inflammatory cytokines 
like IL-6 and TNFα, thus making it a key component in 
the inflammation process (Srinivasan et al., 2004). The 
second pathway activates three MAP kinase pathways: 
p38, JNK, and ERK. Each pathway significantly functions 
in the inflammatory response as they are initiated by 
stress and can diminish cell functioning, leading to 
neuronal cell death (Cao et al., 2004; Park et al., 1996; 
Qian et al., 2012).  
 
IL-1 plays crucial roles in a vast range of physiological 
and pathological processes within the CNS, varying from 
memory consolidation and neurodegeneration right to 
sleep regulation (Liu et al., 2019). IL-1 has been 
identified as one of the earliest cytokines discovered to 
have effects on the brain. Its ability to elicit fever after 
peripheral administration led to early descriptions of IL-
1 as the "endogenous pyrogen" (Berkenbosch et al., 
1987; Besedovsky et al., 1986).  IL-1 is also implicated in 
a diverse array of physiologic and pathologic processes 
within the mammalian CNS, earning IL-1 status as a 
prototypic pro-inflammatory cytokine (Gosselin & 
Rivest, 2007; Rothwell, 2003). Infection and cellular 
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injury are the two principal stimuli that provoke 
inflammation. Detection of infectious agents and 
danger signals by pattern recognition receptors 
orchestrates a coordinated series of events that ensure 
the removal of the insult and promote tissue repair. IL-
1 can stimulate sterile inflammatory disease 
pathogenesis at multiple levels. For instance, IL-1 
directly causes tissue destruction, altered fibroblast 
proliferation, and collagen deposition (Ishida et al., 
2006; Lukens et al., 2012). IL-1 receptor signalling also 
potently provokes the production of secondary 
inflammatory cytokines and chemokines such as IL-6, 
TNFα, KC, and G-CSF, which ultimately indicate the 
central role of IL-1 in sterile inflammation.  
 
 
 

 
 
 

Figure 1: IL-1 Signaling Pathway. The binding of IL-1 to IL-1R1 
receptor activates two kinase pathways triggering 
transcription. In the first pathway, the IκB subunit of the 
nuclear factor kappa-B (NF-κB) is phosphorylated leading to 
the NF-κB release whereas the second pathway activates 
three MAP kinase pathways: p38, JNK, and ERK where each 
pathway plays a significant role in the inflammatory response. 

 

4.0  EVIDENCE OF IL-1 IN NEURODEGENERATIVE 
DISEASES 
The role of IL-1 in the physiological, immunological, and 
neural activities within the brain region was examined 
via in vivo studies. Different cell-type-specific IL-1R1 
signalling was found to be primarily involved. Notably, 
endothelial IL-1R1 drove leukocyte conscription to the 
CNS, triggering impaired neurogenesis. On the other 
hand, ventricular IL-1R1 regulated monocyte 
conscription and the non-inflammatory ventricular, 
astrocyte, and neuronal-mediated neuromodulatory 
activities (Liu et al., 2019). Initiation of pro-
inflammatory cytokine synthesis within the brain has 
been elucidated in various neuroinflammation-related 
brain conditions like CNS autoimmunity, AD, Parkinson 
disease (PD), acute brain injury, post-infectious 
neuropathology, temporal lobe epilepsy, schizophrenia, 
febrile convulsions (Khazim et al., 2018; Liu & Quan, 
2018). Generally, the IL-1 expression levels in a healthy 
animal brain have been reported to be low. However, 
IL-1 also demonstrates a key function in neuroimmune 
interactions and facilitates various responses to 
systemic and cerebral diseases (Haddad et al., 2002). IL-
1 on its own appears harmless to healthy neurons or 
brain tissues, but it significantly increases injury at low 
concentrations (Allan & Rothwell, 2001). 
 
Preliminary evidence of the possibility that IL-1 could be 
involved in local brain tissue reactions arose from high 
expression levels of IL-1 observed in a myriad of CNS 
diseases. Studies have previously demonstrated that 
elevated amounts of IL-1 were observed in brain tissue 
and cerebrospinal fluid (CSF) of brain injury and stroke 
patients (Griffin et al., 1994b). This expression pattern 
was further extrapolated to in-vivo models where 
parenchymal IL-1 mRNA and protein levels were also 
heightened. Moreover, IL-1 levels that were hardly 
visible in the brains of healthy humans and rodents 
were observed to increase rapidly following an acute 
injury (Allan et al., 2005; Patel et al., 2003). Upsurge in 
IL-1 levels has also been reported in conditions like 
Down syndrome and HIV-associated dementia (Griffin 
et al., 1989; McGuinness et al., 1997; Stanley et al., 
1994). These findings further corroborate the key role 
IL-1 plays in diseases like AD, MS and Creutzfeldt-Jakob 
disease (CJD). In addition, depending on the 
concentration, IL-1 was shown to facilitate neuronal 
survival by promoting the expression of nerve growth 
factors (NGFs) and other neurotrophic factors or 
impairing neurogenesis, for instance, by favouring the 
astrocyte rather than neuronal lineage (Garber et al., 
2018).  
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It is well-reported that activation of microglia 
inflammasome and production of IL-1 can lead to 
neuroinflammation and neurodegeneration. Rodents 
deficient in NLRP3 or caspase-1 are protected from 
neuroinflammation and cognitive decline (Heneka et al., 
2013). Coherent with the animal studies, in selected 
human ethnic groups, IL1A allelic polymorphisms that 
lead to augmented IL-1α expression have been linked 
with increased susceptibility to AD due to its 
dependence on the production of amyloid precursor 
protein and further IL-1α and IL-1β production by 
activated microglia (Khazim et al., 2018). Also, NLRP3 
inhibition has been reported to reduce stroke-induced 
neural damage and functional deficits (Liu & Quan, 
2018). Furthermore, treatment with IL-1Ra was found 
to be valuable in diminishing infarct size in animal 
models of stroke, stress-induced depression, and 
anxiety, as well as in enhancing clinical outcomes in 
experimental epilepsy (Koo & Duman, 2009; Vezzani et 
al., 2000). These findings were also further supported by 
in vitro studies which demonstrated that IL-1 (and TNF-
α) induces neuronal death directly or indirectly by 
activating glial production of neurotoxic substances (Liu 
& Quan, 2018). These preclinical experiments paved the 
way for the use of IL-1Ra to treat neuroinflammation-
related conditions. For instance, a randomized, double-
blind, placebo-controlled trial of Anakinra was carried 
out in patients with acute stroke, whereby Anakinra 
treated group demonstrated lower systemic 
inflammation (white blood cells, neutrophil counts, C-
reactive protein [CRP], and IL-6 levels) and cognitive 
impairment as compared to the placebo-treated group 
(Wong et al., 2019). In addition, Anakinra has also been 
employed in treating autoinflammation-associated 
epilepsy syndrome (DeSena et al., 2018).  
 
5.0  ENDOGENOUS REGULATORS OF IL-1  
During the development of a neuronal injury that 
typically occurs during neurodegenerative diseases, 
expression levels of IL-1 are observed to be heightened 
rapidly (Allan et al., 2005). Thus, regulators of IL-1 are 
crucial to act as modulators for IL-1-related 
inflammatory responses and diseases. The utmost 
powerful and selective inhibitor of IL-1 actions is its 
antagonist, IL-1Ra. This antagonist is known to compete 
with both IL-1α and IL-1β, thereby decreasing 
inflammatory signalling transduction and inhibiting 
them from prompting pro-inflammatory molecules 
expression (Chakrabarti et al., 2021). Moreover, it was 
IL-1Ra that first demonstrated clear resistance towards 
neuronal injury, which typically occurs due to cerebral 
ischaemia, provoked by cerebral occlusion, and against 
damage caused in rodents by intracerebral 

administration of excitotoxins like N-methyl-D-
aspartate (NMDA) (Relton & Rothwell, 1992). In vivo 
studies have shown that when either exogenous or 
endogenous IL-1RA are overexpressed, the neural injury 
appears to be significantly impeded by other types of 
cerebral ischaemia (Rothwell, 2003). Rodent studies 
also reported the effects IL-1RA have on epileptic 
seizures and similar results were also observed in 
studies done using rabbits where its ability to regulate 
brain injury stimulated by heat stroke was apparent (Lin 
et al., 1995; Vezzani et al., 2000). These effects of IL-1RA 
further corroborate the possibility that IL-1 could be 
mediating these types of neurodegenerations. 
Additionally, when expression levels of IL-1Ra in rodent 
brains following a lateral fluid percussion trauma, which 
causes localized cortical damage were analysed, the 
expression levels of IL-1Ra were observed to be at 
minimal levels in both the hippocampus and cortex 
region. However, following a fluid percussion trauma, a 
remarkable build up in IL-1Ra levels were observed, 
specifically in the CA2-CA3 layers of the dentate gyrus in 
the hippocampus, and in the injured cortex neurons. 
The IL-1Ra expression levels were most apparent in 
regions closest to the lesion where neuronal death did 
not take place. These findings were consistent with the 
proposed endogenous protective action of IL-1Ra 
(Rothwell et al., 1997). Thus, targeting the various 
factors that regulate IL-1 and IL-1Ra expression may 
lead to a valuable therapeutic strategy.    
 
6.0  THERAPEUTIC IMPLICATIONS OF IL-1 RECEPTOR 
ANTAGONIST 
Inflammation has become a key hallmark for various 
neurodegenerative diseases (Akiyama et al., 2000; 
Streit, 2004). Although microglia play a crucial role in 
neuroprotection, immune surveillance, and 
phagocytosis, incessant activation could serve to be 
unfavourable (González-Scarano & Baltuch, 1999; Rock 
et al., 2004; Streit, 2006). For instance, when microglia 
are persistently activated over prolonged periods, the 
production of IL-1β, a key pro-inflammatory cytokine 
largely involved in neuron degeneration, is observed to 
be augmented (Simi et al., 2007). The absence of IL-1 
signalling has also been shown to protect against 
neuroinflammation and neurodegeneration. 
Additionally, coherent with the enhanced inflammatory 
response and memory deficits observed in various 
neurodegenerative conditions, these augmented IL-1β 
levels impede synaptic strength and LTP in vivo and 
appear neurotoxic in vitro (Bellinger et al., 1993; Katsuki 
et al., 1990; Viviani et al., 2003). Since IL-1 mediates 
various host responses to systemic disease, which are 
accountable for destroying pathogens and infected 
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cells, thus IL-1 is most likely to exert similar effects on 
CNS diseases. Studies have shown that IL-1 functions 
upstream as a signal for multiple pro-inflammatory 
cytokines, chemokines, prostaglandins, and other 
inflammatory mediators (Basu et al., 2004). Therefore, 
the progress and execution of a novel mechanism, like 
developing an antagonist to IL-1 signalling by which 
healthy neurons can be protected from inflammatory 
insults, serves as a critical target. 
 
There have been several strategies employed 
experimentally to diminish IL-1-mediated inflammation. 
However, a key regulator, IL-1Ra, which has been shown 
to provide a significant and robust defence against IL-1 
signalling, could defend the cells from insult. 
Hyperactivation of the IL-1 pathway due to IL-1R8-
deficiency or IL-1 treatment can cause the upregulation 
of the mechanistic target of the rapamycin (mTOR) 
pathway and improved levels of the epigenetic 
regulator methyl-CpG-binding protein 2 (MeCP2). 
MeCP2 is a protein implicated in neurological conditions 
that causes changes in the morphology of the dendritic 
spine, synaptic plasticity, and plasticity-related gene 
expression. IL-Ra can restore these MeCP2 levels and 
spine plasticity and ultimately ameliorate cognitive 
deficits (Tomasoni et al., 2017). Extensive toxicity 
studies have demonstrated favourable outcomes of IL-
1Ra in both in-vivo and human studies, and IL-1Ra has 
now been successfully licensed to be used in 
rheumatoid arthritis treatment where it is 
subcutaneously administered (Basu et al., 2004). 

Although it is imminent that IL-1Ra provides its anti-
inflammatory outcomes by competitively attaching to 
IL-1R1, the intracellular signalling cascade via which the 
production of IL-1Ra is controlled remains to be 
elucidated (Arend, 2002). Thus, the intracellular 
pathways essential to impart the signal from the cell 
surface to the nucleus to modulate IL-1Ra serve as an 
active area for research since compounds adept at 
carrying out such signalling may exert beneficial effects 
in IL-1-mediated pathophysiological conditions. 
 
7.0  CONCLUSION 
IL-1, IL-1Ra and its downstream mediators appear to 
engage pivotal roles in the modulation of inflammatory 
responses. The promising in vitro and in vivo studies put 
ahead a strong case for IL-1Ra whereby several studies 
have demonstrated remarkable protection in diverse 
experimental models of neurodegeneration and have 
been observed to be effective even following an insult. 
An increasing impetus for exploring IL-1Ra as a 
therapeutic target is due to the cumulative evidence 
that has exhibited a significant decrease in disease-
linked microgliosis and astrogliosis, as well as 
diminished levels of pro-inflammatory players in various 
neurodegenerative diseases.   
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