
1Res J Cell Sci, 2025

Research Journal of Cell Sciences

Advanced Diagnostics for Neurodegenerative Diseases: A Fu-
ture Perspective

Chur Chin*

Department of Emergency Medicine, New Life Hospital, Korea

10 June, 2025
01 July, 2025
21 July, 2025

Date of Submission:
Date of Acceptance: 
Date of Publication:

Volume 1, Issue 2 

Research Article

Citation: Chin, C. (2025). Advanced Diagnostics for Neurodegenerative Diseases: A Future Perspective. Res J Cell 
Sci, 1(2), 01-07.

*Corresponding Author:
Chur Chin, Department of Emergency Medicine, New Life Hospital, Korea.

Abstract 
The accurate and early diagnosis of neurodegenerative diseases such as Alzheimer’s disease (AD) and Parkinson’s disease 
(PD) remains a significant challenge in neurology [1,2]. Current diagnostic methods often rely on clinical symptoms, 
which typically manifest after substantial neurodegeneration has already occurred [3]. Emerging technologies, however, 
promise a transformative shift towards pre-symptomatic detection and personalized therapeutic strategies. This section 
explores the synergistic potential of AlphaFold, quantum and theoretical gravitational computation, and advanced 
biosensing (DNA, graphene, isotopes) integrated with artificial intelligence (AI) feedback for identifying pathogenic 
proteins like neurofibrillary tangles and alpha-synuclein aggregates.
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Introduction
AlphaFold’s Role in Structural Insights
AlphaFold, particularly AlphaFold 2 and 3 developed by Google DeepMind, represents a groundbreaking advancement 
in artificial intelligence, capable of predicting protein 3D structures from their amino acid sequences with remarkable 
accuracy [4, 5]. This capability is profoundly relevant to neurodegenerative diseases, which are characterized by protein 
misfolding and aggregation [6].

Understanding Misfolding: Neurofibrillary tangles in AD are primarily composed of hyperphosphorylated tau protein, 
while Lewy bodies in PD and Lewy Body Dementia are formed by aggregated alpha-synuclein [7]. AlphaFold can 
accurately predict the “normal” folded structures of these proteins, providing a baseline for understanding pathological 
conformational changes [8].

Modeling Pathological Forms: Researchers are actively leveraging AlphaFold to model the structures of misfolded, 
aggregated forms, such as tau fibrils and alpha-synuclein fibrils [9, 10]. This structural elucidation is crucial for 
understanding the mechanisms of their formation, propagation, and neurotoxicity [11].

Identifying Druggable Targets: Precise 3D structural information derived from AlphaFold enables the identification 
of potential binding sites for therapeutic agents. This facilitates the development of drugs that could inhibit aggregation, 
promote clearance, or mitigate the harmful effects of these pathological proteins [12].

Analyzing Mutations: AlphaFold can predict the structural impact of genetic mutations linked to increased disease risk 
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(e.g., in MAPT for tauopathies or SNCA for synucleinopathies), offering insights into disease pathogenesis at a molecular 
level (Figure 1) [13].



Fig 1. Central AlphaFold Hub - The AI protein prediction system at the center

Four Key Applications - Each represented in distinct colored sections:

Understanding Misfolding (green) - showing normal vs pathological proteins

Modeling Pathological Forms (yellow) - depicting fibril structures

Identifying Druggable Targets (blue) - showing binding sites and therapeutic

strategies

Analyzing Mutations (pink) - illustrating genetic variants and their impacts

The diagram includes visual representations of:

Normal tau and α-synuclein proteins transforming into pathological aggregates

Neurofibrillary tangles and Lewy bodies

Fibril structures and their formation mechanism

Drug binding sites and therapeutic approache

Genetic mutations in MAPT and SNCA genes

While AlphaFold predicts protein structure and does not directly detect proteins

in biological samples, it provides the essential molecular blueprints for designing

highly specific diagnostic tools [14].

Central AlphaFold Hub
The AI protein prediction system at the center Four Key Applications - Each represented in distinct colored sections:  
Understanding Misfolding (green) - showing normal vs pathological proteins Modeling Pathological Forms (yellow) 
– depicting  fibril structure Identifying Druggable Targets (blue) – showing binding sites and therapeutic strategies                                                                      
Analyzing Mutations (pink) - illustrating genetic variants and their impacts the diagram includes visual representations 
of: Normal tau and α-synuclein proteins transforming into pathological aggregates Neurofibrillary tangles and Lewy 
bodies Fibril structures and their formation mechanism Drug binding sites and therapeutic approache Genetic mutations 
in MAPT and SNCA genes While AlphaFold predicts protein structure and does not directly detect proteins in biological 
samples, it provides the essential molecular blueprints for designing highly specific diagnostic tools [14].

Method
Quantum and Theoretical Gravitational Computation
The integration of advanced computational paradigms like quantum computing holds immense future potential for 
understanding and treating neurodegenerative diseases, moving beyond the capabilities of classical computing.
•	 Quantum Computation for Complex Simulations: Quantum computers excel at solving computationally 

intractable problems, making them ideal for complex molecular simulations. This includes simulating intricate protein-
protein interactions, drug binding dynamics, and the precise processes of protein aggregation with unparalleled 
accuracy and speed [15, 16]. This could dramatically accelerate the discovery of novel diagnostic biomarkers and 
therapeutic compounds.

•	 Drug Discovery Optimization: Quantum algorithms could rapidly screen vast chemical spaces, predicting optimal 
drug candidates and their interactions with pathological proteins, thereby streamlining the drug discovery pipeline 
[17].

•	 DNA Analysis: Quantum computing is being explored for ultra-fast and highly accurate DNA sequencing and 
genomic analysis, which could aid in identifying genetic predispositions, specific mutations, or epigenetic markers 
related to neurodegenerative diseases (Figure 2) [18].

Figure 1.
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

Fig 2. Central Quantum Computer Hub - Featuring a quantum circuit

visualization with qubits, quantum gates, and entanglement patterns, representing

the exponential processing power. Three

Key Application Areas:

Complex Molecular Simulations (Green Section):

Protein-protein interactions with force dynamics

Drug binding dynamics showing target proteins and binding sites

Protein aggregation processes from individual proteins to aggregates

Drug Discovery Optimization (Yellow Section):

Vast chemical space screening with molecular library visualization

Quantum algorithm processing showing superposition states

Optimized drug candidates emerging from the streamlined pipeline

Ultra-Fast DNA Analysis (Blue Section):

Quantum DNA sequencing with detailed helix structure and base pairs

Genomic analysis showing chromosome representations

Central Quantum Computer Hub - Featuring a quantum circuit visualization with qubits, quantum gates, and entanglement 
patterns, representing the exponential processing power.
                                   
Three Key Application Areas
Complex Molecular Simulations (Green Section)
Protein-protein interactions with force dynamics Drug binding dynamics showing target proteins and binding sites 
Protein aggregation processes from individual proteins to aggregates.                    

Drug Discovery Optimization (Yellow Section)
Vast chemical space screening with molecular library visualization Quantum algorithm processing showing superposition 
states Optimized drug candidates emerging from the streamlined pipeline .                      

Ultra-Fast DNA Analysis (Blue Section)
Quantum DNA sequencing with detailed helix structure and base pairs Genomic analysis showing chromosome 
representations Disease marker identification including mutations, SNPs, and epigenetic markers Visual representation 
of quantum speedup and parallel processing Molecular structures and interactions Chemical compound libraries and 
optimization DNA/genomic analysis workflows Clear connections showing how quantum computing enhances each 
application. The concept of “gravitational computation,” while intriguing, remains highly theoretical and is not a standard 
term in the context of current computational biology or medicine [19]. If it refers to leveraging principles of quantum 
gravity for computation, its practical application is far beyond current technological horizons. Nevertheless, the theoretical 
potential of such advanced computation underscores a future where complex biological problems could be addressed 
with unprecedented power.

Result
DNA, Graphene, and Isotope-Linked Biosensors with AI Feedback
The true revolution in neurodegenerative disease diagnosis will likely stem from the convergence of advanced material 
science, biosensing, and artificial intelligence.
•	 DNA Biosensors: Engineered DNA can form highly specific biosensors capable of binding to target molecules, 

including specific pathogenic proteins or their aggregates [20]. DNA nanotechnology further allows for the creation 
of intricate nanostructures that could serve as diagnostic platforms for ultra-sensitive detection [21].

•	 Graphene-based Sensors: Graphene, a two-dimensional material with exceptional electrical and mechanical 
properties, is ideal for highly sensitive biosensors [22]. Graphene-based sensors could potentially detect minute 
quantities of misfolded proteins or even subtle conformational changes in them within biofluids like cerebrospinal 
fluid (CSF) or blood, enabling early diagnosis [23,24]. Its biocompatibility allows for safe integration into biological 
environments [25].

•	 Isotope Labeling and Imaging: Isotopes are well-established tools in medical imaging (e.g., Positron Emission 
Tomography, PET scans) for visualizing biological processes and detecting specific molecules [26]. They can be 
used to label pathogenic proteins, enhancing their detection and quantification in vivo. Stable isotopes can also 
track protein synthesis, degradation, and aggregation dynamics within living systems, providing crucial insights into 
disease progression (Figure 3) [27].

Figure 2.
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diagnosis [23, 24]. Its biocompatibility allows for safe integration into

biological environments [25].

 Isotope Labeling and Imaging: Isotopes are well-established tools in

medical imaging (e.g., Positron Emission Tomography, PET scans) for

visualizing biological processes and detecting specific molecules [26]. They

can be used to label pathogenic proteins, enhancing their detection and

quantification in vivo. Stable isotopes can also track protein synthesis,

degradation, and aggregation dynamics within living systems, providing

crucial insights into disease progression [27](Fig 3.).



Figure 3. Advanced Biosensing Technologies for Neurodegenerative Disease De

tection This c

omprehensive diagram illustrates three cutting-edge biosensing approaches for

detecting pathogenic proteins in neurodegenerative diseases: DNA Biose

nsors (Left, Green Section):Shows engineered DNA double helix structures with

specific binding sites for target pathogenic proteins (tau and α-synuclein). Th

Advanced Biosensing Technologies for Neurodegenerative Disease Detection This comprehensive diagram illustrates 
three cutting-edge biosensing approaches for detecting pathogenic proteins in neurodegenerative diseases: DNA 
Biosensors (Left, Green Section):Shows engineered DNA double helix structures with specific binding sites for target 
pathogenic proteins (tau and α-synuclein). The diagram depicts DNA nanotechnology platforms with their characteristic 
pentagonal nanostructure design, highlighting their capability for highly specific binding and ultra-sensitive detection 
through engineered molecular recognition elements.

Graphene-based Sensors (Center, Orange Section):Features the distinctive honeycomb lattice structure of graphene with 
carbon atoms arranged in hexagonal patterns. The sensor device shows real-time electrical signal detection capabilities 
when interfacing with biofluids (cerebrospinal fluid and blood samples). Misfolded protein representations demonstrate 
the sensor’s ability to detect minute conformational changes in pathogenic proteins due to graphene’s exceptional 2D 
material properties and biocompatible integration.      

Isotope Labeling and Imaging (Right, Purple Section):Displays both stable isotopes (¹³C) for protein synthesis tracking 
and radioactive isotopes (¹¹C) for PET imaging applications. The diagram shows labeled pathogenic proteins, PET 
scanner representation, and in vivo brain imaging with characteristic hot spots indicating protein aggregation sites. 
Dynamic tracking arrows illustrate the ability to monitor protein synthesis, degradation, and aggregation processes 
in living systems. The integrated detection platform at the bottom represents the synergistic combination of these 
three technologies, enabling comprehensive early diagnosis and disease progression monitoring for neurodegenerative 
conditions through complementary detection mechanisms and enhanced diagnostic specificity.

AI Feedback: The integration of these components relies heavily on sophisticated AI algorithms.
•	 Data Analysis and Pattern Recognition: AI (including machine learning and deep learning) is essential for 

processing the massive, complex datasets generated by high-throughput DNA sequencing, graphene sensors, and 
isotope-based imaging [28]. AI can identify subtle, often imperceptible, patterns in these data that indicate the 
presence of pathogenic proteins, disease stage, or even predict future disease progression [29]. This predictive 
analytics capability is key to personalized medicine.

•	 Closed-Loop Systems: “AI feedback” implies a dynamic system where the AI not only analyzes incoming data but 
also provides real-time feedback to optimize experimental setups, refine sensor designs, or even guide preliminary 
therapeutic interventions [30]. Such a system could identify subtle “signatures” of disease long before overt clinical 
symptoms appear.

Discussion
Identifying Pathogenic Proteins: A Combined Approach
In theory, this highly advanced and speculative combination of technologies holds the potential to revolutionize the 
identification of pathogenic proteins in neurodegenerative diseases.
•	 AlphaFold’s Structural Guidance: Provides the precise structural models of normal and pathological tau and 

alpha-synuclein. This foundational knowledge is paramount for designing highly specific detection tools.
•	 Advanced Biosensors: DNA and graphene-based biosensors, engineered with AlphaFold’s structural insights, 

could be designed to selectively bind and detect even extremely low concentrations of misfolded tau or alpha-

https://www.primeopenaccess.com/international-journals/research-journal-of-cell-sciences.asp


5Res J Cell Sci, 2025

synuclein. Graphene’s inherent sensitivity could facilitate early detection in peripheral biofluids, reducing the need 
for invasive procedures.

•	 Isotopic Enhancement: Isotopes could be incorporated into these biosensors or directly used as tracers to 
enhance detection signals or enable advanced imaging techniques for in vivo visualization of these proteins.

•	 Quantum Interpretation: Quantum computation, once mature, could be employed to rapidly analyze and interpret 
the complex signals from these advanced sensors, potentially simulating their interactions with unprecedented 
accuracy. It could also optimize the design and functional parameters of the sensors themselves.

•	 AI as Central Intelligence: AI feedback would serve as the central processing unit, continuously learning from the 
sensor data, refining detection parameters, integrating multi-modal information (genomics, proteomics, imaging), 
and potentially guiding therapeutic strategies. The AI’s ability to identify subtle “signatures” of disease could enable 
intervention decades before symptom onset (Figure 4).

5. AI as Central Intelligence: AI feedback would serve as the central

processing unit, continuously learning from the sensor data, refining

detection parameters, integrating multi-modal information (genomics,

proteomics, imaging), and potentially guiding therapeutic strategies. The

AI's ability to identify subtle "signatures" of disease could enable

intervention decades before symptom onset (Fig 4.).

Figure 4. Integrated Pathogenic Protein Detection System for Neurodegenerativ

e Diseases

This comprehensive diagram illustrates the synergistic integration of five key c

omponents for revolutionary early detection of pathogenic proteins in neurode

generative diseases:

1. AlphaFold Structural Guidance (Top Left, Green Section):Demonstrates pr

ecise 3D structural models comparing normal versus pathological protein conf

Integrated Pathogenic Protein Detection System for Neurodegenerative Diseases. This comprehensive diagram 
illustrates the synergistic integration of five key components for revolutionary early detection of pathogenic proteins in 
neurodegenerative diseases                                                           
•	 AlphaFold Structural Guidance (Top Left, Green Section): Demonstrates precise 3D structural models 

comparing normal versus pathological protein conformations. Shows normal tau protein with its characteristic helical 
structure alongside misfolded tau with irregular folding patterns and aggregation sites. Similarly depicts normal 
monomeric α-synuclein versus its pathological aggregated forms, providing the foundational molecular blueprints 
essential for designing highly specific detection tools.                                               

•	 Advanced Biosensors (Top Right, Orange Section): Features engineered DNA biosensors with double-helix 
structures and specific binding sites, alongside graphene-based sensors showing the characteristic honeycomb lattice 
structure. The ultra-sensitive detection signals demonstrate the capability to detect extremely low concentrations of 
misfolded proteins in peripheral biofluids, reducing invasive procedure requirements.                                  

•	 Isotopic Enhancement (Bottom Left, Purple Section): Illustrates isotope tracers (¹¹C, ¹⁸F) incorporated 
into biosensors and used for enhanced signal detection. Shows PET/SPECT imaging capabilities with color-coded 
detection signals and in vivo brain visualization with protein aggregation hot spots, enabling real-time tracking of 
protein dynamics within living systems.                

•	 Quantum Interpretation (Bottom Right, Blue Section): Displays quantum circuit elements with qubits, 
quantum gates, and entanglement patterns representing the unprecedented computational power for complex 
signal analysis. Shows quantum AI processing units and design optimization capabilities for sensor parameter 
refinement and interaction simulation accuracy.                                  

AI Central Intelligence Hub (Center, Blue Circle):Serves as the central processing unit with neural network representation, 
continuously learning from multi-modal data integration (genomics, proteomics, imaging, clinical data). The AI system 
refines detection parameters, identifies subtle disease signatures, and enables predictive analytics for intervention 
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decades before symptom onset.                                                                       

Data Flow Architecture:Solid arrows represent data input from all four peripheral systems to the central AI hub, while 
dashed blue arrows show AI feedback loops for continuous system optimization and parameter refinement. Multi-
modal Integration Platform:Demonstrates the convergence of diverse data types enabling comprehensive disease 
signature identification and therapeutic strategy guidance through advanced predictive analytics. The timeline indicator 
emphasizes the system’s capability for pre-symptomatic detection decades before clinical manifestation, representing a 
paradigm shift toward preventive intervention in neurodegenerative disease management.

Current Reality vs. Future Potential
While this vision is highly ambitious, several components are already making significant impacts or showing immense 
promise
•	 AlphaFold: Is currently transforming structural biology and accelerating drug discovery for neurodegenerative 

diseases [4].
•	 Advanced Biosensors: DNA and graphene-based biosensors are under active development and demonstrate 

great promise for early diagnosis [23, 20].
•	 Isotope Labeling and Imaging: Are established techniques in medical diagnostics with ongoing advancements 

for improved specificity and sensitivity [27].
•	 AI for Data Analysis: Is rapidly expanding its role in neurodegenerative disease research, particularly in pattern 

recognition and predictive modeling from complex datasets [29].
•	 Quantum Computation: Remains in its early stages of development for practical biological applications [15].
•	 ”Gravitational Computation”: Is largely theoretical and speculative, without clear current applications in this 

domain [19].

Conclusion
The proposed combination represents a highly speculative yet scientifically fascinating vision for the future of 
neurodegenerative disease diagnosis. While some core components are already proving impactful (AlphaFold, AI for data 
analysis, advanced biosensors), the full integration with mature quantum computing and the concept of “gravitational 
computation” remains firmly within the realm of advanced research and theoretical exploration. Nevertheless, the 
synergistic potential of these technologies—particularly the combination of precise structural understanding from 
AlphaFold with cutting-edge sensing and AI-driven analysis—points towards a future where early, accurate, non-invasive, 
and personalized detection of pathogenic proteins in neurodegenerative diseases might indeed become a reality, paving 
the way for more effective preventative and therapeutic interventions [31-36].

References
1.	 Prince, M., Wimo, A., Guerchet, M., Ali, G. C., Wu, Y. T., & Prina, M. (2015). World Alzheimer Report 2015. The 

Global Impact of Dementia: An analysis of prevalence, incidence, cost and trends (Doctoral dissertation, Alzheimer’s 
Disease International).

2.	 Jankovic, J. (2008). Parkinson’s disease: clinical features and diagnosis. Journal of neurology, neurosurgery 
& psychiatry, 79(4), 368-376.

3.	 Zhu, J. B., Tan, C. C., Tan, L., & Yu, J. T. (2017). State of play in Alzheimer’s disease genetics. Journal of 
Alzheimer’s Disease, 58(3), 631-659.

4.	 Jumper, J., Evans, R., Pritzel, A., Green, T., Figurnov, M., Ronneberger, O., ... & Hassabis, D. (2021). Highly accurate 
protein structure prediction with AlphaFold. nature, 596(7873), 583-589.

5.	 Desai, D., Kantliwala, S. V., Vybhavi, J., Ravi, R., Patel, H., Patel, J., & RAVI, R. (2024). Review of AlphaFold 3: 
transformative advances in drug design and therapeutics. Cureus, 16(7).

6.	 Chiti, F., & Dobson, C. M. (2006). Protein misfolding, functional amyloid, and human disease. Annu. Rev. Biochem., 
75(1), 333-366.

7.	 Goedert, M., Spillantini, M. G., Del Tredici, K., & Braak, H. (2013). 100 years of Lewy pathology. Nature Reviews 
Neurology, 9(1), 13-24.

8.	 Evans, R., O’Neill, M., Pritzel, A., Antropova, N., Senior, A., Green, T., ... & Hassabis, D. (2021). Protein complex 
prediction with AlphaFold-Multimer. biorxiv, 2021-10.

9.	 Arar, S., Haque, M. A., & Kayed, R. (2023). Protein aggregation and neurodegenerative disease: Structural outlook 
for the novel therapeutics. Proteins: Structure, Function, and Bioinformatics.

10.	Li Y, Zhao C, Luo F, et al. Cryo-EM structures of amyloid-α-synuclein fibrils with Parkinson’s disease-associated 
mutations. Science. 2021;374(6567):414-419.

11.	Walker LC, Jucker M. The amyloid cascade hypothesis for Alzheimer’s disease: an appraisal for the development of 
therapeutics. Lancet Neurol. 2017;16(11):926-939.

12.	Eisenberg, D., & Jucker, M. (2012). The amyloid state of proteins in human diseases. Cell, 148(6), 1188-1203.
13.	Pluta, R., Januszewski, S., & Czuczwar, S. J. (2022). Molecular Hydrogen Neuroprotection in Post-Ischemic 

Neurodegeneration in the Form of Alzheimer’s Disease Proteinopathy: Underlying Mechanisms and Potential for 
Clinical Implementation—Fantasy or Reality? International Journal of Molecular Sciences, 23(12), 6591.

14.	Marks, D. S., Hopf, T. A., & Sander, C. (2012). Protein structure prediction from sequence variation. Nature 
biotechnology, 30(11), 1072-1080.

https://www.primeopenaccess.com/international-journals/research-journal-of-cell-sciences.asp
https://unilim.hal.science/hal-03495438/document
https://unilim.hal.science/hal-03495438/document
https://unilim.hal.science/hal-03495438/document
https://jnnp.bmj.com/content/79/4/368.short
https://jnnp.bmj.com/content/79/4/368.short
https://journals.sagepub.com/doi/abs/10.3233/JAD-170062
https://journals.sagepub.com/doi/abs/10.3233/JAD-170062
https://www.nature.com/articles/s41586-021-03819-2%3C/p%3E%3Cp%3E-AlphaFold
https://www.nature.com/articles/s41586-021-03819-2%3C/p%3E%3Cp%3E-AlphaFold
https://www.cureus.com/articles/265043-review-of-alphafold-3-transformative-advances-in-drug-design-and-therapeutics.pdf
https://www.cureus.com/articles/265043-review-of-alphafold-3-transformative-advances-in-drug-design-and-therapeutics.pdf
https://www.annualreviews.org/content/journals/10.1146/annurev.biochem.75.101304.123901
https://www.annualreviews.org/content/journals/10.1146/annurev.biochem.75.101304.123901
https://www.nature.com/articles/nrneurol.2012.242
https://www.nature.com/articles/nrneurol.2012.242
https://www.biorxiv.org/content/10.1101/2021.10.04.463034.abstract
https://www.biorxiv.org/content/10.1101/2021.10.04.463034.abstract
https://onlinelibrary.wiley.com/doi/abs/10.1002/prot.26561
https://onlinelibrary.wiley.com/doi/abs/10.1002/prot.26561
https://www.cell.com/fulltext/S0092-8674(12)00222-X
https://www.mdpi.com/1422-0067/23/12/6591
https://www.mdpi.com/1422-0067/23/12/6591
https://www.mdpi.com/1422-0067/23/12/6591
https://www.nature.com/articles/nbt.2419
https://www.nature.com/articles/nbt.2419


7Res J Cell Sci, 2025

15.	Cao Y, Romero J, Olson JP, et al. Towards quantum simulation of condensed-phase dynamics using variational 
quantum algorithms. Quantum Sci Technol. 2019;4(1):014002.

16.	Higgott, O., Wang, D., & Brierley, S. (2019). Variational quantum computation of excited states. Quantum, 3, 156.
17.	 Outeiral C, Buchsbaum D, Wu Z, et al. The prospects of quantum computing for drug discovery. ACS Cent Sci. 

2021;7(10):1631-1640.
18.	Babbush, R., Wiebe, N., McClean, J., McClain, J., Neven, H., & Chan, G. K. L. (2018). Low-depth quantum simulation 

of materials. Physical Review X, 8(1), 011044.
19.	Penrose R. On the role of quantum mechanics in human consciousness. Found Phys. 1996;26(8):1021-1048.
20.	Wang J. DNA biosensors: a new and exciting class of transducers for molecular recognition. Chem Eur J. 

2004;10(23):6232-6242.
21.	Seeman NC, Sleiman HF. DNA nanotechnology: a revolution in the making. Nat Rev Mater. 2017;3(2):17015.
22.	Novoselov, K. S., Geim, A. K., Morozov, S. V., Jiang, D. E., Zhang, Y., Dubonos, S. V., ... & Firsov, A. A. (2004). Electric 

field effect in atomically thin carbon films. science, 306(5696), 666-669.
23.	Kuila T, Bose S, Mishra AK, et al. Graphene-based polymer composites. Prog Mater Sci. 2012;57(5):981-1031.
24.	Huang C, Xia M, Xu H. Graphene-based biosensors for electrochemical detection of biomarkers. Nanoscale. 

2016;8(10):5393-5409.
25.	Kim H, Lee MH, Kim JY, et al. Biocompatible graphene-based materials for biomedical applications. Adv Drug Deliv 

Rev. 2016;105(Pt B):221-235.
26.	Vercouillie J, Moussafir J, Guilloteau D. PET imaging of Alzheimer’s disease. Front Neurol. 2011;2:45.
27.	 Basi G, Gangadharan S. Isotope tracing for biological applications. J Biol Chem. 2012;287(23):19141-19148.
28.	Esteva, A., Kuprel, B., Novoa, R. A., Ko, J., Swetter, S. M., Blau, H. M., & Thrun, S. (2017). Dermatologist-level 

classification of skin cancer with deep neural networks. nature, 542(7639), 115-118.
29.	Weng H, Tang Y, Lin M, et al. Artificial intelligence in neurodegenerative diseases: promising perspectives. Ann 

Transl Med. 2020;8(12):769.
30.	Topol, E. J. (2019). High-performance medicine: the convergence of human and artificial intelligence. Nature 

medicine, 25(1), 44-56.
31.	Lee VM, Goedert M, Trojanowski JQ. Neurodegenerative tauopathies. Annu Rev Neurosci. 2001;24:1121-1159.
32.	Braak H, Del Tredici K. Invited review: Pathological staging of brain stem-related alpha-synucleinopathy (Parkinson’s 

disease-related pattern). Neurology. 2008;70(Suppl 6):S3-S7.
33.	Dubois, B., Feldman, H. H., Jacova, C., DeKosky, S. T., Barberger-Gateau, P., Cummings, J., ... & Scheltens, P. 

(2007). Research criteria for the diagnosis of Alzheimer’s disease: revising the NINCDS–ADRDA criteria. The Lancet 
Neurology, 6(8), 734-746.

34.	Lang AE, Lozano AM. Parkinson’s disease. First of two parts. N Engl J Med. 1998;339(15):1044-1053.
35.	Zhao, X., Li, C., Ding, G., Heng, Y., Li, A., Wang, W., ... & Zhang, Y. (2021). The burden of Alzheimer’s disease 

mortality in the United States, 1999-2018. Journal of Alzheimer’s Disease, 82(2), 803-813.
36.	Tofaris GK, Proitsi P, Hughes DA, et al. Alpha-synuclein in Parkinson’s disease: a critical review of its role in 

pathogenesis and as a biomarker. Mov Disord. 2012;27(1):15-22.

https://www.primeopenaccess.com/international-journals/research-journal-of-cell-sciences.asp
https://quantum-journal.org/papers/q-2019-07-01-156/
https://www.science.org/doi/abs/10.1126/science.1102896
https://www.science.org/doi/abs/10.1126/science.1102896
https://www.science.org/doi/abs/10.1126/science.1102896
https://www.science.org/doi/abs/10.1126/science.1102896
https://www.nature.com/articles/nature21056
https://www.nature.com/articles/nature21056
https://www.nature.com/articles/s41591-018-0300-7
https://www.nature.com/articles/s41591-018-0300-7
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(07)70178-3/fulltext?iframe=true&width=95%EF%BF%BDght%3D95%EF%BF%BD
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(07)70178-3/fulltext?iframe=true&width=95%EF%BF%BDght%3D95%EF%BF%BD
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(07)70178-3/fulltext?iframe=true&width=95%EF%BF%BDght%3D95%EF%BF%BD
https://journals.sagepub.com/doi/abs/10.3233/JAD-210225
https://journals.sagepub.com/doi/abs/10.3233/JAD-210225

