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ABSTRACT 

Introduction: Alzheimer's disease is the leading cause of dementia and is rapidly emerging as 

one of the most costly, fatal, and burdensome diseases of the 21st century. Since the publication 

of the 2016 Seminar, significant advancements have been made in understanding the disease's 

underlying pathology, identifying multiple causative and protective genetic factors, developing 

novel blood-based and imaging biomarkers, and observing early indications of positive effects 

from disease-modifying treatments and lifestyle interventions. This updated Seminar aims to 

provide readers with a comprehensive and current overview of the evolving field of Alzheimer’s 

disease. 

Materials and Methods: This review compiles data from recent studies on the pathogenesis, 

diagnostics, and treatment of Alzheimer’s Disease (AD), sourced through systematic searches 

of databases like PubMed and Embase. Articles were selected based on relevance to biomarkers, 

imaging techniques, therapeutic strategies, and mechanisms of neurodegeneration. Key 

diagnostic approaches reviewed include cerebrospinal fluid assays for amyloid and tau markers, 

immunohistochemical techniques for inflammatory mediators, and neuroimaging modalities 

such as PET and MRI. Therapeutic interventions evaluated encompass approved 

pharmacological treatments, emerging therapies like immunotherapy and gene editing, and 

multi-domain prevention strategies. Insights were synthesized to present a concise, evidence-

based overview of current advancements and future directions in AD research. 

Results: The reviewed studies highlight significant advancements in understanding 

Alzheimer’s Disease (AD). Biomarker research has identified cerebrospinal fluid (CSF) 

markers, including reduced Aβ42 and elevated phosphorylated tau, as reliable diagnostic tools, 

while imaging techniques like PET and MRI have improved early detection and disease staging. 

Current pharmacological treatments, such as cholinesterase inhibitors and NMDA receptor 

antagonists, provide modest symptomatic relief but do not modify disease progression. 

Emerging therapies targeting amyloid and tau proteins, including monoclonal antibodies and 

gene editing, show promise but face challenges in efficacy and safety. Neuroinflammation was 

consistently identified as a critical contributor to AD pathology, with cytokines like IL-1β and 

TNF-α playing central roles. Lifestyle interventions and multidomain prevention strategies 

demonstrated potential for reducing cognitive decline in at-risk populations. Despite progress, 

the development of effective disease-modifying therapies remains a pressing challenge. 

Conclusions: The reviews collectively emphasize the multifactorial nature of Alzheimer’s 

Disease (AD) and the critical need for early and accurate diagnostic tools. Biomarkers and 
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imaging technologies, such as PET scans and cerebrospinal fluid assays, have revolutionized 

the early detection of AD, enabling interventions during preclinical stages. Current treatments, 

including cholinesterase inhibitors and NMDA receptor antagonists, offer symptomatic relief 

but lack the ability to halt disease progression. Emerging therapies targeting amyloid and tau 

proteins, along with gene editing and immunotherapy, demonstrate potential but require further 

validation to address efficacy and safety concerns. Lifestyle modifications and multidomain 

prevention strategies show promise in mitigating cognitive decline and reducing disease risk. 

Continued advancements in biomarker research, therapeutic innovation, and personalized 

medicine are essential for transforming AD management and improving patient outcomes. 

Keywords: Alzheimer’s Disease (AD), Biomarkers, Neuroinflammation, Amyloid Beta (Aβ), 

Tau protein 

 

 

 

 

 

INTRODUCTION 

Alzheimer’s disease (AD), the leading cause of dementia, is a progressive neurodegenerative 

disorder that significantly impacts memory, cognition, language, and problem-solving abilities. 

Dementia prevalence increases with age, affecting approximately 5–8% of individuals over 65 

and rising to 25–50% in those over 85. [1] According to the World Health Organization (WHO), 

the number of people living with dementia globally is expected to triple by 2050, up from an 

estimated 35.6 million in 2010. [3] Women are disproportionately affected, with AD prevalence 

19–29% higher than in men. Countries such as China, the USA, India, and Brazil lead in the 

number of dementia cases, with over 1 million individuals affected in each as of 2010. [2,5] 

The pathology of AD is characterized by the accumulation of amyloid-beta (Aβ) plaques and 

neurofibrillary tangles (NFTs), composed of hyperphosphorylated tau proteins, which disrupt 

synaptic function and lead to neuronal death. Aβ plaques are formed from amyloid precursor 

protein (APP), sequentially cleaved by β-secretase (BACE1) and γ-secretase to produce 

isoforms such as Aβ1-40 and Aβ1-42. [6-8] While Aβ1-40 is soluble, Aβ1-42 aggregates more 

readily, contributing to toxic plaque formation. Genetic mutations in APP, presenilin 1 (PS1), 

presenilin 2 (PS2), and APOE4, along with altered neuropeptide levels, are implicated in this 
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process. [9, 10, 25] Despite its prominence, the amyloid hypothesis is increasingly scrutinized 

as drugs targeting amyloid plaque formation have failed to reverse or halt cognitive decline, 

suggesting the need to explore alternative therapeutic targets such as tau proteins, inflammation, 

and oxidative stress. [3, 11, 16] 

Since the 2016 Seminar on AD, significant progress has been made in understanding its 

pathology, identifying genetic risk and protective factors, and developing novel biomarkers for 

early detection and monitoring, including blood-based and imaging tools.[12-14] Early signals 

of efficacy from disease-modifying treatments and lifestyle interventions offer cautious 

optimism, but challenges remain in translating these findings into meaningful clinical outcomes. 

[15] 

This updated Seminar provides a comprehensive review of the latest developments in 

Alzheimer’s research. It highlights the need for a shift toward innovative therapies targeting 

both amyloid and non-amyloid pathways and underscores the urgency of addressing the global 

burden of this growing health crisis through improved prevention, diagnosis, and treatment 

strategies. [17, 18] 

MATERIALS AND METHODS 

This review synthesizes insights from recent advancements in Alzheimer’s Disease (AD) 

research, drawing from systematic searches in scientific databases such as PubMed and Embase. 

Articles published between 2016 and 2023 were included based on their focus on biomarkers, 

imaging technologies, therapeutic interventions, and the molecular mechanisms underlying AD. 

[1-4, 6] The search strategy incorporated specific keywords such as "Alzheimer’s Disease," 

"biomarkers," "neuroinflammation," "amyloid beta," "tau protein," and "therapeutics." Both 

foundational studies and the latest experimental research were considered. 

Diagnostic methodologies evaluated include cerebrospinal fluid (CSF) assays for amyloid-beta 

(Aβ42) and phosphorylated tau (p-tau), immunohistochemical techniques for inflammatory 

markers, and advanced neuroimaging modalities like positron emission tomography (PET) and 

magnetic resonance imaging (MRI). [7, 9, 14] These tools were analyzed for their effectiveness 

in early detection, disease staging, and monitoring of treatment responses. [19, 20] 

Therapeutic approaches reviewed encompassed FDA-approved drugs, such as cholinesterase 

inhibitors (e.g., donepezil) and NMDA receptor antagonists (e.g., memantine), as well as 
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emerging disease-modifying therapies targeting amyloid and tau proteins through monoclonal 

antibodies and gene editing. [21, 22] Additionally, lifestyle interventions and multidomain 

prevention strategies, including cognitive training, diet, and physical activity, were assessed for 

their potential to mitigate cognitive decline. [5, 23] 

Data synthesis involved integrating findings from clinical trials, meta-analyses, and 

observational studies to present a comprehensive overview of current challenges and 

opportunities in AD research. [26, 27] This methodological approach ensures a balanced 

understanding of the complex interplay between biomarkers, therapeutic innovations, and 

disease progression in Alzheimer’s Disease. 

RESULTS 

The treatment and management of Alzheimer’s Disease (AD) are of critical importance due to 

its increasing prevalence and devastating impact on individuals and healthcare systems. [1,2] 

Recent advances in research have shed light on both the underlying mechanisms and potential 

interventions, though significant challenges remain. Biomarker research has played a pivotal 

role in improving diagnostic accuracy, with cerebrospinal fluid (CSF) assays showing decreased 

Aβ42 and elevated phosphorylated tau (p-tau) levels as reliable indicators of disease 

progression. [13, 18] Imaging modalities such as positron emission tomography (PET) and 

magnetic resonance imaging (MRI) have further enhanced diagnostic capabilities by 

visualizing amyloid plaques, tau pathology, and neurodegeneration, enabling early detection at 

preclinical and mild cognitive impairment (MCI) stages. [9, 28] This integration of biomarkers 

and imaging is essential for timely intervention. 

Tau proteins, alongside amyloid-beta, are central to the pathology of AD. The 

hyperphosphorylation of tau leads to the formation of neurofibrillary tangles, which disrupt 

microtubule stability and impair intracellular transport. These tangles contribute directly to 

synaptic dysfunction and neuronal death. Research has highlighted the interplay between 

amyloid-beta and tau, with amyloid-beta aggregation often preceding tau hyperphosphorylation 

and exacerbating its toxic effects. [22, 29, 30] Targeting tau pathology is emerging as a key 

focus in therapeutic development, with novel approaches aiming to inhibit tau aggregation, 

reduce phosphorylation, or enhance clearance mechanisms. These efforts aim to mitigate 

neuronal damage and slow cognitive decline, yet many therapies are still in early phases of 

investigation. [20, 26] 
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Current pharmacological treatments for Alzheimer’s Disease (AD) are primarily focused on 

managing symptoms rather than halting or reversing the underlying neurodegenerative 

processes. Cholinesterase inhibitors, such as donepezil, rivastigmine, and galantamine, aim to 

enhance cholinergic neurotransmission by preventing the breakdown of acetylcholine, thereby 

improving communication between neurons. These medications provide modest benefits in 

cognition, memory, and overall daily functioning, particularly in patients with mild to moderate 

AD. Similarly, memantine, an NMDA receptor antagonist, works by modulating glutamatergic 

neurotransmission, which can become dysregulated in AD, leading to excitotoxicity. 

Memantine is often prescribed for moderate to severe AD and can help stabilize cognitive 

function and improve behavioral symptoms. Despite their widespread use, these drugs do not 

address the underlying disease mechanisms and offer only symptomatic relief, with limited 

efficacy in preventing disease progression. [8, 14] 

In contrast, disease-modifying therapies are designed to target the pathological hallmarks of 

AD, such as amyloid-beta plaques and tau tangles. These therapies aim to slow or halt disease 

progression by intervening in the molecular processes driving neurodegeneration. Monoclonal 

antibodies, including aducanumab, have shown potential in reducing amyloid-beta plaque 

burden by promoting its clearance through the immune system. However, the clinical efficacy 

of aducanumab and similar therapies in improving cognitive outcomes remains uncertain, with 

many trials failing to demonstrate significant benefits beyond biomarker changes. Furthermore, 

the use of amyloid-targeting therapies has been associated with adverse events, including 

amyloid-related imaging abnormalities (ARIA), which encompass cerebral edema and 

microhemorrhages. These safety concerns, combined with high costs and accessibility 

challenges, underscore the need for continued innovation in developing safe and effective 

treatments. [12, 20] 

Efforts are also underway to develop tau-targeting therapies, which aim to prevent tau 

hyperphosphorylation, aggregation, and the formation of neurofibrillary tangles. These 

approaches, alongside strategies targeting inflammation and oxidative stress, represent 

promising avenues for future disease-modifying interventions. While these therapies remain in 

experimental phases, they highlight the shift in AD research toward addressing the root causes 

of neurodegeneration rather than merely alleviating symptoms. 
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Neuroinflammation has been consistently identified as a significant driver of AD pathology. 

Pro-inflammatory cytokines such as IL-1β and TNF-α, along with the activation of microglia 

and astrocytes, perpetuate inflammatory responses that exacerbate amyloid and tau pathologies. 

These inflammatory mechanisms are further amplified by oxidative stress and mitochondrial 

dysfunction, contributing to neuronal damage and the progression of the disease. Understanding 

these pathways has informed the development of anti-inflammatory therapies, though their 

clinical application remains in nascent stages. [1, 20] 

Lifestyle interventions, including physical activity, cognitive training, and dietary 

modifications, have shown promise in reducing the risk of cognitive decline and slowing the 

progression of dementia. Multidomain prevention strategies, which integrate these elements, 

have been particularly effective in at-risk populations. These findings underscore the potential 

of non-pharmacological approaches as complementary strategies in the management of AD. 

Despite these advances, the development of effective disease-modifying therapies remains a 

critical unmet need. Future research must address the complex interplay of amyloid, tau, 

neuroinflammation, and other contributing factors while advancing the integration of 

pharmacological and non-pharmacological approaches. Progress in these areas offers the 

potential to transform the management of AD and improve outcomes for patients and caregivers. 

[26] 

CONCLUSIONS 

Alzheimer’s Disease (AD) research has advanced significantly in diagnostic and therapeutic 

approaches, yet effective disease-modifying treatments remain a major challenge. Biomarkers 

such as reduced Aβ42 and elevated phosphorylated tau, alongside advanced imaging techniques 

like PET and MRI, enable early diagnosis and precise disease staging. Current treatments, 

including cholinesterase inhibitors and NMDA receptor antagonists, provide symptomatic relief 

but fail to alter disease progression. Emerging therapies targeting amyloid-beta and tau proteins 

show potential, though efficacy and safety issues persist. [13] Neuroinflammation, driven by 

cytokines and glial activation, is increasingly recognized as a central contributor to disease 

progression, presenting a promising target for future interventions. Lifestyle modifications, 

including physical activity, cognitive training, and dietary adjustments, also demonstrate 

potential in reducing cognitive decline and risk. 
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Clinicians should prioritize early diagnosis through biomarker and imaging technologies to 

facilitate timely interventions. Symptomatic management with cholinesterase inhibitors and 

memantine remains the cornerstone of treatment, but incorporating lifestyle interventions such 

as regular exercise, cognitive engagement, and a balanced diet can complement 

pharmacological approaches and improve patient outcomes. [28] Keeping abreast of emerging 

therapies targeting amyloid, tau, and neuroinflammatory pathways is crucial for integrating new 

advancements into clinical practice. Tailoring treatment plans to individual patient needs 

through a combination of pharmacological and non-pharmacological strategies is essential for 

optimizing care and enhancing quality of life.[1-3] 

 

Author`s contribution: 

Conceptualization: Agnieszka Starzyk, Piotr Charzewski 

Methodology: Agnieszka Starzyk, Piotr Charzewski 

Software: Agnieszka Starzyk, Piotr Charzewski 

Check: Agnieszka Starzyk, Piotr Charzewski 

Formal analysis: Agnieszka Starzyk, Piotr Charzewski 

Investigation: Agnieszka Starzyk, Piotr Charzewski 

Resources: Agnieszka Starzyk, Piotr Charzewski 

Data curation: Agnieszka Starzyk, Piotr Charzewski 

Writing-rough preparation: Agnieszka Starzyk, Piotr Charzewski 

Writing-review and editing: Agnieszka Starzyk, Piotr Charzewski 

Supervision: Agnieszka Starzyk, Piotr Charzewski 

Project administration: Agnieszka Starzyk, Piotr Charzewski 

 

All authors have read and agreed with the published version of the manuscript. 

 

Founding Statement: The study did not receive funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Conflict of Interest Statement: The authors declare no conflicts of interest. 

Acknowledgments: Not applicable. 

 



9 

 

 

Bibliography: 

1. Scheltens P, De Strooper B, Kivipelto M, Holstege H, Chételat G, Teunissen CE, Cummings 

J, van der Flier WM. Alzheimer's disease. Available from: https://pub-

med.ncbi.nlm.nih.gov/33667416/ 

2. Khan S, Barve KH, Kumar MS. Recent Advancements in Pathogenesis, Diagnostics and 

Treatment of Alzheimer's Disease. Available from: https://pub-

med.ncbi.nlm.nih.gov/32484110/ 

3. Twarowski B, Herbet M. Inflammatory Processes in Alzheimer's Disease-Pathomechanism, 

Diagnosis and Treatment: A Review. Available from: https://pub-

med.ncbi.nlm.nih.gov/37047492/ 

4. Briggs R, Kennelly SP, O'Neill D. Drug treatments in Alzheimer's disease. Available from: 

https://pubmed.ncbi.nlm.nih.gov/27251914/ 

5. Alzheimer Europe.Dementia in Europe Yearbook 2019: estimating the prevalence of de-

mentia in Europe. 2020. Avilable from: https://www.alzheimereurope.org/content/dow-

nload/195515/1457520/file/FINAL%2005707%20Alzheimer%20Europe%20yearbook%2

02019.pdf (accessed Jan 24, 2021). 

6. Dubois B, Feldman HH, Jacova C, Dekosky ST, Barberger-Gateau P, Cummings J, Delaco-

urte A, Galasko D, Gauthier S, Jicha G, Meguro K, O'brien J, Pasquier F, Robert P, Rossor 

M, Salloway S, Stern Y, Visser PJ, Scheltens P. Research criteria for the diagnosis of Alzhe-

imer's disease: revising the NINCDS-ADRDA criteria. Available from: https://pub-

med.ncbi.nlm.nih.gov/17616482/ 

7. Dubois B, Feldman HH, Jacova C, Cummings JL, Dekosky ST, Barberger-Gateau P, Dela-

courte A, Frisoni G, Fox NC, Galasko D, Gauthier S, Hampel H, Jicha GA, Meguro K, 

O'Brien J, Pasquier F, Robert P, Rossor M, Salloway S, Sarazin M, de Souza LC, Stern Y, 

Visser PJ, Scheltens P. Revising the definition of Alzheimer's disease: a new lexicon. Avail-

able from: https://pubmed.ncbi.nlm.nih.gov/20934914/ 

8. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical diagnosis 

of Alzheimer's disease: report of the NINCDS-ADRDA Work Group under the auspices of 

Department of Health and Human Services Task Force on Alzheimer's Disease. Available 

from: https://pubmed.ncbi.nlm.nih.gov/6610841/ 

9. Jack CR Jr, Bennett DA, Blennow K, Carrillo MC, Dunn B, Haeberlein SB, Holtzman DM, 

Jagust W, Jessen F, Karlawish J, Liu E, Molinuevo JL, Montine T, Phelps C, Rankin KP, 

Rowe CC, Scheltens P, Siemers E, Snyder HM, Sperling R; Contributors. NIA-AA Research 

Framework: Toward a biological definition of Alzheimer's disease.  Available from: 

https://pubmed.ncbi.nlm.nih.gov/29653606/ 

https://pubmed.ncbi.nlm.nih.gov/33667416/
https://pubmed.ncbi.nlm.nih.gov/33667416/
https://pubmed.ncbi.nlm.nih.gov/32484110/
https://pubmed.ncbi.nlm.nih.gov/32484110/
https://pubmed.ncbi.nlm.nih.gov/37047492/
https://pubmed.ncbi.nlm.nih.gov/37047492/
https://pubmed.ncbi.nlm.nih.gov/27251914/
https://pubmed.ncbi.nlm.nih.gov/17616482/
https://pubmed.ncbi.nlm.nih.gov/17616482/
https://pubmed.ncbi.nlm.nih.gov/20934914/
https://pubmed.ncbi.nlm.nih.gov/29653606/


10 

 

 

10. Alzheimer’s Disease International.World Alzheimer Report 2018. The state of the art of 

dementia research: new frontiers. September, 2018. https://www.alzint.org/u/WorldAlzhei-

merReport2018.pdf 

11. Gatz M, Reynolds CA, Fratiglioni L, Johansson B, Mortimer JA, Berg S, Fiske A, Pedersen 

NL. Role of genes and environments for explaining Alzheimer disease. Available from: 

https://pubmed.ncbi.nlm.nih.gov/16461860/ 

12. Cho H, Choi JY, Hwang MS, Kim YJ, Lee HM, Lee HS, Lee JH, Ryu YH, Lee MS, Lyoo 

CH. In vivo cortical spreading pattern of tau and amyloid in the Alzheimer disease spectrum. 

Available from: https://pubmed.ncbi.nlm.nih.gov/27323247/ 

13. Brier MR, Gordon B, Friedrichsen K, et al.Tau and Aβ imaging, CSF measures, and cogni-

tion in Alzheimer’s disease. Sci Transl Med2016 

14. Blennow K, Shaw LM, Stomrud E, Mattsson N, Toledo JB, Buck K, Wahl S, Eichenlaub U, 

Lifke V, Simon M, Trojanowski JQ, Hansson O. Predicting clinical decline and conversion 

to Alzheimer's disease or dementia using novel Elecsys Aβ(1-42), pTau and tTau CSF im-

munoassays. Available from: https://pubmed.ncbi.nlm.nih.gov/31836810/ 

15. Hansson O, Seibyl J, Stomrud E, Zetterberg H, Trojanowski JQ, Bittner T, Lifke V, Corra-

dini V, Eichenlaub U, Batrla R, Buck K, Zink K, Rabe C, Blennow K, Shaw LM; Swedish 

BioFINDER study group; Alzheimer's Disease Neuroimaging Initiative. CSF biomarkers of 

Alzheimer's disease concord with amyloid-β PET and predict clinical progression: A study 

of fully automated immunoassays in BioFINDER and ADNI cohorts. Available from: 

https://pubmed.ncbi.nlm.nih.gov/29499171/ 

16. Jefferson W, Bemiler S, Murtishaw A, Leisgang A, Salazar M, Lamb B. Inflammation as a 

central mechanism in Alzheimer's disease. Available from: https://alz-journals.onlineli-

brary.wiley.com/doi/10.1016/j.trci.2018.06.014 

17. American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 

Available from: https://www.who.int/substance_abuse/terminology/diagnostic/en/ 

18. Al-Hameed, S.; Benaissa, M.; Christensen, H. Simple and robust audio-based detection of 

biomarkers for Alzheimer’s disease, proceeding of the 7th workshop on speech and lan-

guage processing for Assistive Technologies (SLPAT), San Francisco, USA, 201, pp.32-

36. 

19. Brayne C, Davis D. Making Alzheimer's and dementia research fit for populations. Availa-

ble from: https://pubmed.ncbi.nlm.nih.gov/23084456/ 

20. Cummings JL, Morstorf T, Zhong K. Alzheimer's disease drug-development pipeline: few 

candidates, frequent failures. Available from: https://pubmed.ncbi.nlm.nih.gov/25024750/ 

https://www.alzint.org/u/WorldAlzheimerReport2018.pdf
https://www.alzint.org/u/WorldAlzheimerReport2018.pdf
https://pubmed.ncbi.nlm.nih.gov/16461860/
https://pubmed.ncbi.nlm.nih.gov/27323247/
https://pubmed.ncbi.nlm.nih.gov/31836810/
https://pubmed.ncbi.nlm.nih.gov/29499171/
https://www.who.int/substance_abuse/terminology/diagnostic/en/


11 

 

 

21. Serrano-Pozo A, Frosch MP, Masliah E, Hyman BT. Neuropathological alterations in Al-

zheimer disease.Available from: https://pubmed.ncbi.nlm.nih.gov/22229116/ 

22. Mandelkow EM, Mandelkow E. Tau in Alzheimer's disease. Available from: https://pub-

med.ncbi.nlm.nih.gov/9854307/ 

23. Bloom GS. Amyloid-β and tau: the trigger and bullet in Alzheimer disease pathogenesis. 

Available from: https://pubmed.ncbi.nlm.nih.gov/24493463/ 

24. Tolppanen AM, Solomon A, Soininen H, Kivipelto M. Midlife vascular risk factors and 

Alzheimer's disease: evidence from epidemiological studies. Available from: https://pub-

med.ncbi.nlm.nih.gov/22842867/ 

25. Farrer LA, Cupples LA, Haines JL, Hyman B, Kukull WA, Mayeux R, Myers RH, Pericak-

Vance MA, Risch N, van Duijn CM. Effects of age, sex, and ethnicity on the association 

between apolipoprotein E genotype and Alzheimer disease. Available from: https://pub-

med.ncbi.nlm.nih.gov/9343467/ 

26. Prins ND, Scheltens P. Treating Alzheimer's disease with monoclonal antibodies: current 

status and outlook for the future. Available from: https://pub-

med.ncbi.nlm.nih.gov/24216217/ 

27. Braak H, Braak E. Frequency of stages of Alzheimer-related lesions in different age cate-

gories. Available from: https://pubmed.ncbi.nlm.nih.gov/9330961/ 

28. Jack CR Jr, Albert MS, Knopman DS, McKhann GM, Sperling RA, Carrillo MC, Thies B, 

Phelps CH. Introduction to the recommendations from the National Institute on Aging-Al-

zheimer's Association workgroups on diagnostic guidelines for Alzheimer's disease. Avai-

lable from: https://pubmed.ncbi.nlm.nih.gov/21514247/ 

29. Sebastián-Serrano Á, de Diego-García L, Díaz-Hernández M. The Neurotoxic Role of 

Extracellular Tau Protein. Available from: https://pubmed.ncbi.nlm.nih.gov/29584657/ 

30. Mohsenian Sisakht A, Karamzade-Ziarati N, Jahanbakhshi A, Shahpasand K, Aghababaei 

S, Ahmadvand O, Azar M, Fattahi A, Zamanzadeh S. Pathogenic cis p-tau levels in CSF 

reflects severity of traumatic brain injury. Available from: https://pub-

med.ncbi.nlm.nih.gov/34979886/ 

  

https://pubmed.ncbi.nlm.nih.gov/22229116/
https://pubmed.ncbi.nlm.nih.gov/9854307/
https://pubmed.ncbi.nlm.nih.gov/9854307/
https://pubmed.ncbi.nlm.nih.gov/24493463/
https://pubmed.ncbi.nlm.nih.gov/22842867/
https://pubmed.ncbi.nlm.nih.gov/22842867/
https://pubmed.ncbi.nlm.nih.gov/9343467/
https://pubmed.ncbi.nlm.nih.gov/9343467/
https://pubmed.ncbi.nlm.nih.gov/24216217/
https://pubmed.ncbi.nlm.nih.gov/24216217/
https://pubmed.ncbi.nlm.nih.gov/9330961/
https://pubmed.ncbi.nlm.nih.gov/21514247/
https://pubmed.ncbi.nlm.nih.gov/29584657/

