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Abstract:
Alzheimer’s disease (AD) is a prevalent neurodegenerative 
disorder characterized by memory loss, cognitive decline, 
and personality changes, largely resulting from the 
misfolding and aggregation of proteins such as amyloid-
beta (Aβ) and tau. Similarly, prion diseases (PrD), 
though relatively rare, are highly lethal and transmissible, 
involving the misfolding of prion protein (PrP). Both 
conditions share common pathogenic mechanisms, 
including the aggregation of misfolded proteins that lead to 
neurodegeneration. This review compares the pathogenesis 
of AD and PrD, highlighting the similarities between the 
proteins involved and their impact on neuronal function. 
It explores current therapeutic strategies, particularly 
immunotherapy with monoclonal antibodies, which target 
pathogenic proteins like Aβ, tau, and PrP. While these 
treatments show promise in slowing disease progression 
and alleviating symptoms, challenges such as crossing 
the blood-brain barrier and managing toxicity remain 
significant. The findings suggest that insights from PrD 
may offer new avenues for AD treatment, underscoring the 
need for further research and clinical trials to develop more 
effective therapies for neurodegenerative diseases.

Keywords: Alzheimer‘s disease; prion diseases; neuro-
degeneration.

1. Introduction
Alzheimer’s disease (AD) is a neurodegenerative dis-
ease that results from misfolding and aggregation of 
proteins in the brain. AD is usually characterized by 
memory loss, personality changes, cognitive impair-
ment, and is sometimes accompanied by a decline in 
verbal communication skills and executive functions 
[1]. AD is one of the most common diseases in the 
world. According to WHO, the global number of 
people with dementia is expected to increase from 

55 million in 2019 to 139 million in 2050 [2]. Mean-
while, AD is currently the seventh greatest cause of 
mortality worldwide [3]. Therefore, it is crucial to in-
crease the investment in research to treat and prevent 
AD.
The pathogenesis of AD has been tentatively estab-
lished. AD is caused by the accumulation of extra-
cellular Aβ plaque and intracellular neurofibrillary 
tangles (NFT) made of microtubule-associated hy-
perphosphorylated tau [4]. Additionally, a number of 
studies have revealed similarities between the pro-
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teins that cause AD (Aβ and tau) and prion disease (PrD). 
PrD, also known as „transmissible spongiform enceph-
alopathies“, has attracted widespread attention because 
of their lethality and transmissibility. The most common 
prion diseases, such as Creutzfeldt-Jakob disease, can de-
teriorate rapidly and lead to death within weeks or months 
[5]. The pathogen of prion diseases consists of scrapie 
prion protein (PrPSc), a misfolded isoform of the normal 
cellular prion protein (PrPC) [6]. However, unlike the slow 
aggregation of defective proteins, aggregated PrPSc induc-
es conformational misfolding of PrPC, allowing prions to 
proliferate, which is responsible for accelerating disease 
and death [6].
Given the similarities between the pathogenesis of AD 
and PrD, there is growing interest in exploring whether 
therapeutic strategies developed for PrD could be adapted 
for AD. For instance, treatments aimed at stabilizing pro-
tein conformation or preventing the spread of misfolded 
proteins in PrD may hold promise for AD. Antibody-based 
therapies had some success with PrPSc in treating PrD, 
and their potential to target Aβ and tau in AD is current-
ly being investigated. Although the application of prion 
diseases to Alzheimer‘s disease is still in its early stages, 
the underlying mechanistic similarities suggest that these 
approaches may be valuable in developing more effective 
therapies for AD.
Currently, treatment strategies for both AD and PrD are 
limited, with most treatments focusing on reducing clini-
cal symptoms rather than stopping disease progression. In 
AD, monoclonal antibodies (mAbs) such as donanemab 
and lecanemab target Aβ aggregates, while in PrD, exper-
imental therapies are exploring ways to inhibit PrPSc rep-
lication. Despite this, there are still significant obstacles. 
Nevertheless, the prion-like mechanism identified in AD 
may offer a new therapeutic target, and further research 
could leverage insights from prion biology to reveal inno-
vative ways to treat or even prevent AD.

2. Pathogenesis of AD
AD is pathologically characterized by synaptic loss, fol-
lowed by neuronal atrophy throughout the cerebral cortex, 
with the medial temporal lobe most severely affected 
[7]. Dense Aβ aggregates and tau neurofibrillary tangles 
(NTFs) primarily constitute the pathological hallmarks of 
AD [8]. This is followed by microglial recruitment, which 
enhances the activation of microglia and local inflam-
mation while also contributing to neurotoxicity [4]. This 
review will introduce the pathological mechanisms of Aβ 
and tau respectively.

2.1 APP & Aβ
Aggregated Aβ is a major component of neocortical neu-
ritis plaques and a symbol of brain aging [8]. Aβ, derived 
from amyloid precursor protein (APP), is a type I trans-
membrane protein.
APP is involved in a variety of biological processes, 
including neuronal growth, signalling, intracellular 
communication, and other functions related to neuronal 
homeostasis [7]. It is cleaved by β-secretase 1 (BACE1) 
and γ-secretase to produce insoluble Aβ fibrils. Oligo-
merization and diffusion of Aβ then result in disrupted 
synaptic signalling [4]. Insoluble amyloid fibrils aggregate 
into plaques that spread from the neocortical cortex to 
the isocortex to the brain stem and eventually to the cer-
ebellum, and Aβ aggregates cause neuronal dysfunction 
and ultimately neuronal cell death through ion-channel 
obstruction, altered calcium homeostasis, increased mito-
chondrial oxidative stress, and reduced energy metabolism 
and glucose regulation [4].

2.2 NFT & Tau
Another characteristic of AD is the presence of NFTS. 
These tangles result from hyperphosphorylation of mi-
crotubule-associated tau protein [4]. Unlike Aβ, however, 
normal tau is a naturally folded protein with no intrinsic 
tendency to aggregate [9]. Tau protein plays a major role 
in stabilizing microtubules and promoting microtubule 
assembly [10]. However, when tau interacts with the 
released kinase, the presence of Aβ in the environment 
causes hyperphosphorylation of tau [4]. This process was 
experimentally demonstrated by the fact that Injecting Aβ 
into transgenic mice‘s brains enhanced tangles while in-
creasing Aβ concentration led to APP overexpression and 
tau phosphorylation [11]. Tau phosphorylation reduces 
the stability of tau and microtubules, causing them to lose 
their tight binding capacity [12]. Tau separates from mi-
crotubules, and the dissociated tau proteins self-assemble 
into oligomers, which then aggregate into NFTs. NFTS 
are insoluble in neuronal cytoplasm, and aggregation de-
stroys neurons, resulting in aberrant loss of interneuronal 
connection and signal processing, eventually leading to 
neuronal apoptosis [4].
The deposition of Aβ and tau in the brain suggests that 
pathogenic Ab and tau seeds may propagate in their hosts 
like prions. By comparison, the transmission of Aβ and 
tau is indeed similar to the pathological mechanism of pri-
ons.

3. Pathogenesis of Prion Disease
PrDs are a group of infectious and deadly neurodegen-
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erative diseases that can be transmitted within and be-
tween species. Mutations in the genes encoding PrPC and 
PRNP produce PrDs in humans, which results in familial 
Creutzfeldt-Jakob disease (CJD), Gerstmann-Strauss-
ler-Scheinker syndrome, or fatal familial insomnia [6]. 
These disorders can be inherited or acquired from expo-
sure to prions. Scrapie and bovine spongiform enceph-
alopathy (BSE) are examples of non-human PrDs [6]. 
Transmission between animals and humans is extremely 
rare, but humans can also become infected after eating 
beef from a cow contaminated with bovine spongiform 
encephalopathy (BSE) [13]. In addition, iatrogenic trans-
mission may occur, such as through organ transplantation 
or the use of neurosurgical instruments contaminated with 
prions [13]. The pathogenesis of PrD is characterized by 
aggregated extracellular deposits of PrPSc astrocyte forma-
tion, and vacuolation, accompanied by neuropathic spon-
giform changes in the CNS [6].

3.1 PrP Protein
Unlike other misfolded proteins, prions are truly highly 
infectious and lethal pathogens. In contrast to classical 
contagious agents, they contain nucleic acids that allow 
DNA or RNA, the primary structure, to be replicated and 
amplified (Figure 1). However, PrPSc reproduction, the 
culprit that causes prions, does not involve the reproduc-
tion of primary structures, but only secondary, tertiary, and 
quaternary structures, namely their conformations [14]. 
The reason why PrPC switches to PrPSc is poorly under-
stood, but it is thought that the α-helix of PrPC switches to 
the β-rich insoluble conformation (PrPSc). The β-solenoid 
in PrPSc has an intrinsic template function: Its upper and 
lowest echelons contain „unpaired“ β-chains that can link 
unfolded PrP molecules by forming hydrogen bonds and 
induce their conversion into new PrPSc [15].

Fig. 1 The structure of Tau filaments in Prion protein amyloidosis [16].

3.2 Spongiform Encephalopathy
The distribution pattern of PrPSc in the host is complex. It 
is generally accepted that prions are transported through 
the blood and lymphatic system into lymphoid tissues 
for peripheral replication. It is transported to the brain by 
nerves. Finally, fatal progressive neurodegeneration, spon-

giosis, and gliosis develop in infected hosts.

3.3 Mainstream Therapeutic Strategies for 
Brain Degenerative Diseases
Neurodegenerative diseases such as AD and PrD are ir-
reversible, with no complete cure currently. However, 
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an analysis of the mainstream treatment approaches for 
these diseases reveals some similarities. The focus of drug 
development for PrD is on the transformation process of 
PrPC and PrPSc [17]. Similarly, the main therapeutic di-
rection for AD involves targeted therapy for Aβ and tau, 
which are the pathogenetic proteins of AD. Studies have 
shown that clinical symptoms of PrD can be alleviated by 
inhibiting PrPC transport to the cell membrane, stabilizing 
PrPC structure with chemical chaperones [17], and inter-
fering with PrPC - PrPSc interaction. This model can also 
be applied to tau and Aβ due to their similar propagation 
modes.

3.4 Treatment Methods
Various chemical compounds and antibody-mediated pas-
sive immunization have been demonstrated to decrease 
PrPSc multiplication and halt the clinical course of PrD 
[17]. Chemical compounds like pentosan polysulfate (PPS) 
and Quinacrine can prevent the creation of new PrPSc. 
However, these compounds do not significantly affect 
disease progression or survival rate [17]. Monoclonal an-
tibodies targeting PrP appear to be more effective in some 
experiments. Mead et al. developed a fully humanized 
monoclonal antibody against PrPC which proved to be 
a safe experimental treatment for human prion diseases 
[18], as it reduces and interrupts the conversion of PrPC to 
PrPSc. This treatment also works on Aβ and tau proteins. 
Monoclonal antibodies (mAbs) targeting Aβ aggregates 
such as donanemab and lecanemab have been shown to 
reduce amyloid load as well as slow cognitive decline in 
patients . There is evidence that these drugs work in pa-
tients with tau protein too. Additionally, there is a mAb 
called ABBV-8E12 which is a humanized mAb against 
pathological species of tau protein aimed at removing 
them from brain tissues [18].

4. Discussion
Currently, numerous treatments for PrD and AD are still 
in clinical trials. While many methods have demonstrat-
ed effectiveness on pathological protein structures, they 
also come with corresponding side effects. In the case 
of immunotherapy, aside from antibody toxicity, another 
challenge lies in the blood-brain barrier. Given that many 
immunoglobulins are large molecules, it is particularly 
crucial to design antibodies capable of crossing the blood-
brain barrier. Targeted therapy is the mainstream direc-
tion, although it may not completely cure the diseases, it 
has shown some efficacy in reducing symptoms and pro-
longing survival time. Early intervention or using mAbs 
as a preventive measure may further enhance treatment 
effectiveness [19]. Furthermore, research has revealed that 

PrP interaction can effectively inhibit toxic amyloid beta 
assembly at synapses, offering a new approach to treating 
AD. Anti-PrP antibodies may potentially play a role in 
future AD treatment as well [19]. The transmission mech-
anism of PrD provides new evidence for understanding 
the pathological mechanism of AD and suggests potential 
avenues for improving treatment modalities based on this 
model.

5. Conclusion
AD and PrD are both neurodegenerative diseases and 
have very high fatality rates. The key difference is that 
PrD can be transmitted between individuals, while AD is 
not contagious. However, recent studies have indicated 
that the pathogenesis of AD is similar to that of PrD. Both 
of these are caused by the misfolding and aggregation of 
pathogenic proteins, leading to nerve damage. Analysis of 
the pathogenesis and current therapeutics for PrD and AD 
suggests that immunotherapy using monoclonal antibod-
ies targeting the pathogenic protein is more effective and 
universally applicable. For example, donanemab, a mono-
clonal antibody against Aβ plague, also appears to be ef-
fective against tau. Nevertheless, there remain significant 
challenges associated with current mainstream treatments, 
such as the blood-brain barrier and toxicity. Therefore, the 
development of drugs for neurodegenerative diseases has 
a long way to go, and clinical trials need to be carefully 
carried out to find inspiration from similar diseases.

References
[1] National Institute on Aging. What are the signs of 
Alzheimer’s disease?. U.S. Department of Health and Human 
Services. [2024-09-05]. https://www.nia.nih.gov/health/
alzheimers-symptoms-and-diagnosis/what-are-signs-alzheimers-
disease.
[2] Mitchell S, Lucas C, Norton M, et al. Dementia risk 
reduction: it’s never too early, it’s never too late. Perspectives in 
public health, 2016, 136(2): 79.
[3] 2024 Alzheimer’s disease facts and figures. Alzheimer’s 
Dement., 2024, 20: 3708-3821.
[4] Tiwari S, Atluri V, Kaushik A, et al. Alzheimer’s disease: 
pathogenesis, diagnostics, and therapeutics. International journal 
of nanomedicine, 2019: 5541-5554.
[5] Iwasaki Y. Creutzfeldt‐Jakob disease. Neuropathology, 2017, 
37(2): 174-188.
[6] Ugalde C L, Finkelstein D I, Lawson V A, et al. Pathogenic 
mechanisms of prion protein, amyloid‐β and α‐synuclein 
misfolding: The prion concept and neurotoxicity of protein 
oligomers. Journal of neurochemistry, 2016, 139(2): 162-180.
[7] Chen G, Xu T, Yan Y, et al. Amyloid beta: structure, 

4



Dean&Francis

077

yUNHAN xU

biology and structure-based therapeutic development. Acta 
pharmacologica sinica, 2017, 38(9): 1205-1235.
[8] Hampel H, Hardy J, Blennow K, et al. The amyloid-β 
pathway in Alzheimer’s disease. Molecular psychiatry, 2021, 
26(10): 5481-5503.
[9] Wang Y, Mandelkow E. Tau in physiology and pathology. 
Nat Rev Neurosci, 2016, 17: 22-35.
[10] Guo T, Noble W, Hanger D P. Roles of tau protein in health 
and disease. Acta Neuropathol, 2017, 133(5): 665-704.
[11] Holmes B B, Diamond M I. Prion-like properties of Tau 
protein: the importance of extracellular Tau as a therapeutic 
target. J Biol Chem, 2014, 289(29): 19855-61.
[12] Sigurdson C J, Bartz J C, Glatzel M. Cellular and Molecular 
Mechanisms of Prion Disease. Annu Rev Pathol, 2019, 14: 497-
516.
[13] Ritchie D L, Barria M A. Prion Diseases: A Unique 
Transmissible Agent or a Model for Neurodegenerative 
Diseases?. Biomolecules, 2021, 11(2): 207.

[14] Wille H, Requena J R. The Structure of PrPSc Prions. 
Pathogens, 2018, 7(1): 20.
[15] Hallinan G I, Hoq M, Ghosh M, et al. Structure of Tau 
filaments in Prion protein amyloidoses. Acta Neuropathol, 2021, 
142: 227-241.
[16] Chen C, Dong X. Therapeutic implications of prion 
diseases. Biosafety and Health, 2021, 3(02): 92-100.
[17] Zhang Y, Chen H, Li R, et al. Amyloid β-based therapy 
for Alzheimer’s disease: challenges, successes and future. Sig 
Transduct Target Ther, 2023, 8: 248.
[18] Pluta R, Ułamek-Kozioł M. Tau Protein-Targeted 
Therapies in Alzheimer’s Disease: Current State and Future 
Perspectives[M]. In: Huang X, editor. Alzheimer’s Disease: 
Drug Discovery. Brisbane (AU): Exon Publications, 2020.
[19] Mead S, Khalili-Shirazi A, Potter C, et al. Prion protein 
monoclonal antibody (PRN100) therapy for Creutzfeldt–Jakob 
disease: evaluation of a first-in-human treatment programme. 
The Lancet Neurology, 2022, 21(4): 342-354.

5




