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ABSTRACT 

 

Alzheimer's disease (AD) is a progressive neurodegenerative disease and is the most common type of dementia. 

In the USA, the disease affects approximately 5 million individuals, and it is expected that this number will increase 

drastically with the increasing age of the elderly population. Affected patients first experience mild memory loss which 

worsens as the disease progresses, and results in cognitive decline and ultimately, death. AD affects the brain with deposits 

of abnormal proteins and neuronal death. As of date, therapeutic options are limited and effective treatments still need to 

be discovered. Nuclear factor-κB (NF-κB) is a transcription molecule containing binding sites for genes involved in 

neuroinflammation and regulates genes that control cell replication and death. Gene therapy utilizing the signaling 

pathway of NF-kB in the brain could be targeted for gene therapy to treat AD. Blocking NF-kB could yield anti-

inflammatory effects for the disease, leading to the suppression of growth hormone (GH), insulin-like growth factor (IGF-

1), cell death, and also inflammatory cytokines such as IL-1, IL-6, and tumor necrosis factor (TNF) that are involved in 

the pathogenesis of AD. 

 

KEYWORDS: Alzheimer’s disease, neurodegenerative disease, dementia, gene therapy, NF-κB, inflammation 

 

 

INTRODUCTION 

 

Alzheimer's disease (AD) is a progressive brain disorder and is the most common type of dementia (1). At present, 

in the USA, approximately 5 million individuals are diagnosed with AD, and this figure could reach 13.8 million over the 

next 40 years, with the increasing age of the elderly population (2). Such an increase will come with a heavy clinical 

burden for society.  

In this disease which can appear after the age of 65, there may be symptoms such as disorientation, mood swings, 

memory loss, problems with speech, depression, and hypertension (3). Furthermore, patients may present complications 

such as dehydration and infectious bacterial diseases (4). AD occurs particularly in elderly subjects with evidence of 

cerebral Lewy bodies and vascular alterations. Diagnosis can be made by utilizing cerebrospinal fluid (CSF) biomarkers 

and positron emission tomography (PET) (5). In recent years, the understanding of AD has seen considerable progress 

but there is still much to discover in this debilitating disease.  
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DISCUSSION 

 

AD presents with amyloid plaques and neurofibrillary tangles (NFTs) in the CNS, with a decline in cognitive 

functioning and neuronal loss (6). The disease is caused by the improper cleavage of the amyloid precursor protein which 

forms abnormal β-amyloid (Aβ) which, by joining fibrils, forms Aβ plaques (7). The accumulation of abnormal proteins 

and the formation of plaques can last for several years before there are any symptoms of the disease. 

In this disorder, amyloid angiopathies, neuritis, glial polyps, and glial response may be noted. These pathological 

signs cause neuronal and synaptic dysfunction with neurodegeneration and tissue atrophy. Aβ plaques are mainly formed 

by abnormally folded Aβ that are made up of 40 to 42 amino acids (8). The deposition of Aβ occurs in the iso-cortex, 

which influences the subcortex (9). The most abundant Aβ in the plaques is Aβ42, which is present in higher quantities 

than Aβ40 as it is less soluble (10). In the CNS, NFTs are formed by conjoined helical filaments made of 

hyperphosphorylated tau protein which is a microtubule-associated protein that stabilizes microtubules (11). This protein 

initiates and spreads in the medial temporal lobe cortex and hippocampus without invading motor, sensory, and visual 

areas. The severity of AD depends on the severity of neuronal and synaptic damage, and also the amount of Aβ formed 

(12). The genetic mutations that occur in AD are related to the formation of Aβ, leading to the generation of abnormal 

and pathological Aβ and resulting in neuronal dysfunction and neurodegeneration mediated by inflammation (13).  

In this disease, neuroinflammation is involved and is decisive in the progression of neuropathological mutations 

(14,15). Activated immune cells are found within close proximity to, as well as inside, the plaques (16), and anti-

inflammatory treatments have been seen to delay the onset of AD (17). Therefore, nonsteroidal anti-inflammatory drugs 

(NSAIDs) may help prolong the period before onset. NSAIDs block COX-2, resulting in inhibition of inflammatory 

prostaglandins that are induced by IL-1 and are involved in fever (18).  

Nuclear factor kappa B (NF-kB) is a protein complex that functions as a transcription factor for protein production, 

including cytokines and chemokines. It is hypothesized that NF-kB is a key molecule that controls inflammation and 

apoptosis in many pathologies, including AD (19). Inflammation is known to play a key role in the pathophysiology of 

psychiatric diseases by involving pro-inflammatory cytokines such as IL-1 and tumor necrosis factor (TNF) (20,21). In 

AD, the plaques show signs of activated immunity and inflammation driven by IL-1 which, by binding to its receptor IL-

1R on the cell membrane, leads to the formation of MyD88 with consequent activation of NF-kB and protein transcription 

(Fig.1) (22). TNF is also a highly inflammatory protein, which by binding to its receptor TNFR, activates IKK  , 

with consequent activation of NF-kB and transcription of the protein (23) (Fig.2). 

 

Fig. 1. By binding its receptor IL1-R, IL-1 activates the cascade that leads to NF-kB and the transcription of the protein. 
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Fig. 2. By binding its receptor TNFR, TNF activates the cascade that leads to NF-kB and the transcription of the protein. 

 

Although there has been progress in the study of AD in recent years, classic therapeutic strategies have not been 

found to be effective. Therefore, much molecular research dedicated to the treatment of AD is concentrated on gene 

therapy, the insertion of foreign genes into cells to genetically modify diseased cells. NF-κB is a transcription molecule 

containing binding sites for genes involved in brain inflammation and regulates genes that control cell replication and 

death (24). Therefore, some inflammatory molecules that act through the signaling pathway of NF-kB at the brain level 

could be targeted. A possible anti-inflammatory therapeutic strategy in AD could involve the blocking of NF-kB, since 

its inhibition leads to the suppression of growth hormone (GH), insulin-like growth factor (IGF-1), and cell death (25). 

Furthermore, blocking NF-kB also suppresses inflammatory cytokines such as IL-1 (26), IL-6 (27), and TNF (28), which 

play an important role in the pathogenesis of AD (29).  

 

CONCLUSIONS 

 

Inflammation plays a key role in the progression of AD. Pro-inflammatory cytokines such as IL-1 and TNF that 

are found in plaques mediate neuroinflammation through the activation of NF-kB, aggravating the pathological state of 

the disease. The inhibition of these pro-inflammatory cytokines and other molecules, such as prostaglandins, would 

certainly help improve symptoms in AD.  
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