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The amyloid hypothesis, i.e., the abnormal accumulation of toxic A3 assemblies in the brain, has been considered
the mainstream concept sustaining research in Alzheimer’s Disease (AD). However, the course of cognitive decline
and AD development better correlates with tau accumulation rather than amyloid peptide deposition. Moreover, all
clinical trials of amyloid-targeting drug candidates have been unsuccessful, implicitly suggesting that the amyloid
hypothesis needs significant amendments. Accumulating evidence supports the existence of a series of potentially

dangerous relationships between A oligomeric species and tau protein in AD.

Alzheimer’s Disease neurodegeneration amyloid

| 1. Introduction

At the end of 1901, Alois Alzheimer, a German neuropathologist, described the presence of neurofibrillary tangles
(NFTs) and “senile plaques” in post-mortem neuronal tissues of a patient that experienced memory failure and
gradual mental decline [Ll. That pioneering article is considered the first report describing senile dementia, a
chronic neurodegenerative condition that will be later commonly identified as Alzheimer’'s Disease (AD). AD is
known to be the prevalent form of dementia especially in aged people: 60-70% of all cases of dementia are
diagnosed with AD @ and about 32% of people 85 years old and older are affected by AD Bl Presently, the
different types of protein aggregates i.e., extracellular deposits of amyloid B (AB) peptide ¥ and the intracellular
hyperphosphorylated forms of tau protein, NFTs, (2! observed in AD brains represent the two distinctive pathological
traits of AD (€. Accumulating evidence suggests that AR plays a significant role in AD while human genetics
established the relationship between tau malfunction and neurodegeneration. It is demonstrated that inherited
Frontotemporal Dementia (FTD) and parkinsonism, with extensive filamentous tau deposits in the brain in the
absence of AB deposits, are caused by mutations in the MAPT, the microtubule associated protein tau gene .
These pathological mutations involve tau hyperphosphorylation which leads to detachment of the functional protein
from the microtubules, with consequent intracellular cumulation B2, |n AD, abnormal tau levels promote protein

aggregation as paired helical filaments (PHFs) or straight filaments (SFs) in the cytosol B,

Although initially AR and tau misfolding follows different routes and district of propagation, as the disease
progresses, AB plaques and NFT are both formed in neocortical regions 2%, Tau levels have been also measured

in the extracellular space where the protein can interact with Ap 111,
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As far as the intracellular trafficking of AR is concerned, it is quite clear that the peptide may be present in many
cytosolic compartments. This is witnessed by observing that extracellular AB preparations are commonly used in in
vitro AD experimental models 19, Their toxicity is mediated via receptor recognition and death signaling, as well as
intracellular internalization. Extracellular AR can be internalized in the cell via endocytic pathways aided by cell
surface heparan sulfate or a variety of receptors and transporters such as the formyl peptide receptor-like protein 1
(FPRL1) or the scavenger receptor for advanced glycation end-products (RAGE) 1231141 |nteractions with
intracellular proteins such as GM1, prefoldin (PFD), and other molecular chaperones redistribute the internalized

AB through the neuronal bodies where interaction with tau protein may also occur 1311161,

The hypothesis of an existing crosstalk between tau and AP toxic aggregation is further supported by several
studies (221, Many reports have demonstrated that the toxic cross-talk between tau and A aggregation initiates with
the disruption of the mitochondrial membrane 8. AR and tau have been found to co-localize in neurons and
astrocytes. Particularly, AR accumulates primarily in synapses surrounding senile plaques, and synapses from tau-
null animals are protected from Ap damage 19, On the other hand, a recent study reported that only 0.02% percent
of synapses were found positive for both A and tau, an evidence that argues against a direct AB/tau interaction at
the synapses [29. Therefore, this view has been questioned by some recent findings revealing that AR and tau
accumulate in both pre- and postsynaptic terminals 2. Remarkably, in both human AD and Drosophila models, tau
has been found to attach to presynaptic vesicles, impairing neurotransmitter release 21, accordingly it's becoming
evident that AR has an impact on presynaptic function 22. Intracellular Ap/tau complexes could conceivably
accelerate tau hyperphosphorylation and Ap nucleation [23124],

Therefore, tau/AB reciprocal interaction appears to influence the aggregation and toxicity of both molecules 23 and
most of the above observations reinforce the idea that AB aggregated forms (i.e., plagues, oligomers) may provide

a microenvironment that promotes tau aggregation and propagation fostering disease progression 28],

Nevertheless, the growing knowledge on the AB-tau cross interactions suggests that for a truly effective therapeutic
approach to AD to be pursued, next generation drugs should target both AR and tau 27, A possible approach to
achieve this goal should also consider the environmental conditions, as well as the molecular partnerships the two

AB and tau proteins might interact with.

2. AB and Tau Proteins: Molecular Structure and
Physiological Functions

The high degree of conservation of the AB sequence among vertebrates (>90% sequence homology that reaches

95% in mammals), suggests that it must play an important role in the survival of the species.

When present in low quantities, soluble AB isoforms play a vital physiological role in the CNS, contributing to
normal brain function 28, Due to its hydrophobic interaction with lipidic membranes, vesicles, and transmembrane
receptors 22, as well as neurotrophic or neurotoxic effects depending on its concentration, monomeric AP

homeostasis appears to be crucial in the modulation of synaptic function. In addition to its role in synapsis
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regulation, the AB monomer has neuroprotective properties that are mediated through the activation of several
pathways. AB monomers have been shown to increase neuronal survival by activating the phosphatidylinositol-3-
kinase (PI-3-K) pathway, which appears to be mediated by IGF-1/insulin receptor stimulation B9, The activation of

this route in neurons has been shown to cause functional synaptogenesis, or the development of new synapses
[31]

Additional non-toxic yet atypical functions of soluble AR have been observed. These include: protective
antimicrobial properties [2; protection against cancer [22l; assisting the brain to recover from traumatic and

ischemic injuries by participating to the blood-brain barrier repair; regulation of the synaptic function 341,

The two 40 or 42 residues long AR peptides (AB40 or AB42, respectively) are produced by the concerted
proteolysis of the amyloid precursor protein (APP) [4IE336] APP processing may occur via two distinct pathways,
i.e., non-amyloidogenic and amyloidogenic. The generation of AR peptides belongs to the activity of two
transmembrane proteolytic enzymes (the B-secretase and the y-secretase), on the membrane-bound APP. APP
can be also processed by a different protease (a-secretase) that cleaves APP between amino acids 16 and 17 of
the AP peptide, thus blocking Ap peptides generation BZI[38l AR's primary structure is composed of a hydrophilic N-
terminal region (1-16) alongside a hydrophobic C-terminal domain (17-40/42).

Tau is a microtubule-associated protein (MAP) mainly concentrated in the axons of neurons B2, Six different tau
isoforms are present in the brain, each one encompassing from 352 to 441 amino acids residues and including four
tubulin-binding domains termed, R1, R2, R3 and R4. In general, tau primary structure can be dived into C-terminal
domain, microtubule binding domain, N-terminal projection domain (alternative inserts ON, 1N or 2N) and Pro-rich
region domain (Figure 1). Tau, include 12 histidyl residues as potential metal binding sites B2, Tau(273-284) and
AB(25-35), containing both an hydrophobic hexapeptide sequence (VQIINK and GAIIGL, respectively), promote

aberrant aggregates (see the section below) 49,

N-terminal projection domain Microtubule binding region
A A
' e - 5
variable insertes: variable insertes:
N ON/1IN/IN-2N 3R (R1, R3, and R4) or 4R (R1-R4) C
N-term | N1 | N2 Proline rich domain R1 | R2| R3 | R4 C-term

45 71 103 151 244 275 306 377 369 441
H—I
Acidic region

VQIINK  VQIVYK
275280  306-311

Aggregation prone peptides sequences
273-284 Binds to AB(25-35

MAEPRQEFEVMEDHAGTYGLGDRKD
1-25

QGGYTMHQDQEGDTDAGLK

2644
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Figure 1. Tau protein: longest tau isoform (441 amino acids) containing the variable inserts (N1, N2, R1, R2, R3
and R4).

The second and third microtubule binding domain repeats exhibit a propensity to form an ordered [(-sheet
structure. The biological role of tau protein mainly involves the stabilization of microtubules, but also different
biological pathways such as synaptic activity (41, anxiety-related behavior 42, regulation of myelination [43], glucose
metabolism, regulation of iron homeostasis and genomic stability 441431,

Tau is also a substrate for the ubiquitin—proteasome system (UPS) and for chaperone-mediated autophagy 48, A
role for tau in regulating the functional maturation and survival of new-born neurons, the selectivity of neuronal
death following stress, and neuronal responses to external stimuli was also reported 42, Tau is subject to different
post-translational modifications i.e., phosphorylation, glycosylation, glycation, prolyl-isomerization, cleavage or

truncation, nitration, polyamination, ubiquitination, sumoylation, oxidation and aggregation 48],

References

1. Stelzmann, R.A.; Norman Schnitzlein, H.; Reed Murtagh, F. An English Translation of Alzheimer’s
1907 Paper, “Uber Eine Eigenartige Erkankung Der Hirnrinde”. Clin. Anat. 1995, 8, 429-431.

2. Towards a Dementia Plan: A WHO Guide; World Health Organization: Geneva, Switzerland, 2018.

3. 2015 Alzheimer’s Disease Facts and Figures. Alzheimers Dement. J. Alzheimers Assoc. 2015, 11,
332-384.

4. Glenner, G.G.; Wong, C.W. Alzheimer’s Disease: Initial Report of the Purification and
Characterization of a Novel Cerebrovascular Amyloid Protein. Biochem. Biophys. Res. Commun.
1984, 120, 885-890.

5. Lee, V.M.; Balin, B.J.; Otvos, L.; Trojanowski, J.Q. A68: A Major Subunit of Paired Helical
Filaments and Derivatized Forms of Normal Tau. Science 1991, 251, 675-678.

6. Selkoe, D.J.; Hardy, J. The Amyloid Hypothesis of Alzheimer’s Disease at 25 Years. EMBO Mol.
Med. 2016, 8, 595-608.

7. Goedert, M. Alzheimer’s and Parkinson’s Diseases: The Prion Concept in Relation to Assembled
AB, Tau, and a-Synuclein. Science 2015, 349, 1255555.

8. Crowther, R.A. Straight and Paired Helical Filaments in Alzheimer Disease Have a Common
Structural Unit. Proc. Natl. Acad. Sci. USA 1991, 88, 2288-2292.

9. Meraz-Rios, M.A.; Lira-De Leon, K.I.; Campos-Pefia, V.; De Anda-Hernandez, M.A.; Mena-L6pez,
R. Tau Oligomers and Aggregation in Alzheimer’s Disease. J. Neurochem. 2010, 112, 1353-1367.

https://encyclopedia.pub/entry/26572 4/7



Structure and Functions of AB and Tau Proteins | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Wang, Z.-X.; Tan, L.; Liu, J.; Yu, J.-T. The Essential Role of Soluble AB Oligomers in Alzheimer’s
Disease. Mol. Neurobiol. 2016, 53, 1905-1924.

Blennow, K.; Zetterberg, H. The Past and the Future of Alzheimer’s Disease CSF Biomarkers—A
Journey toward Validated Biochemical Tests Covering the Whole Spectrum of Molecular Events.
Front. Neurosci. 2015, 9, 345.

Sandwall, E.; O’'Callaghan, P.; Zhang, X.; Lindahl, U.; Lannfelt, L.; Li, J.-P. Heparan Sulfate
Mediates Amyloid-Beta Internalization and Cytotoxicity. Glycobiology 2010, 20, 533-541.

Iribarren, P.; Zhou, Y.; Hu, J.; Le, Y.; Wang, J.M. Role of Formyl Peptide Receptor-like 1
(FPRL1/FPR2) in Mononuclear Phagocyte Responses in Alzheimer Disease. Immunol. Res.
2005, 31, 165-176.

Wang, H.; Chen, F.; Du, Y.-F.; Long, Y.; Reed, M.N.; Hu, M.; Suppiramaniam, V.; Hong, H.; Tang,
S.-S. Targeted Inhibition of RAGE Reduces Amyloid-f3 Influx across the Blood-Brain Barrier and
Improves Cognitive Deficits in Db/Db Mice. Neuropharmacology 2018, 131, 143-153.

Yuyama, K.; Yamamoto, N.; Yanagisawa, K. Accelerated Release of Exosome-Associated GM1
Ganglioside (GM1) by Endocytic Pathway Abnormality: Another Putative Pathway for GM1-
Induced Amyloid Fibril Formation. J. Neurochem. 2008, 105, 217-224.

Sakono, M.; Zako, T.; Ueda, H.; Yohda, M.; Maeda, M. Formation of Highly Toxic Soluble Amyloid
Beta Oligomers by the Molecular Chaperone Prefoldin. FEBS J. 2008, 275, 5982-5993.

Ittner, L.M.; Gotz, J. Amyloid-3 and Tau—A Toxic Pas de Deux in Alzheimer’s Disease. Nat. Rev.
Neurosci. 2011, 12, 67-72.

Naveh Tassa, S.; Ben Zichri, S.; Lacham-Hartman, S.; Oren, O.; Slobodnik, Z.; Eremenko, E.;
Toiber, D.; Jelinek, R.; Papo, N. A Mechanism for the Inhibition of Tau Neurotoxicity: Studies with
Artificial Membranes, Isolated Mitochondria, and Intact Cells. ACS Chem. Neurosci. 2021, 12,
1563-1577.

Ittner, L.M.; Ke, Y.D.; Delerue, F.; Bi, M.; Gladbach, A.; van Eersel, J.; Woélfing, H.; Chieng, B.C.;
Christie, M.J.; Napier, I.A.; et al. Dendritic Function of Tau Mediates Amyloid-3 Toxicity in
Alzheimer’s Disease Mouse Models. Cell 2010, 142, 387-397.

Pickett, E.K.; Herrmann, A.G.; McQueen, J.; Abt, K.; Dando, O.; Tulloch, J.; Jain, P.; Dunnett, S.;
Sohrabi, S.; Fjeldstad, M.P. Amyloid Beta and Tau Cooperate to Cause Reversible Behavioral and
Transcriptional Deficits in a Model of Alzheimer’s Disease. Cell Rep. 2019, 29, 3592-3604.

Mclnnes, J.; Wierda, K.; Snellinx, A.; Bounti, L.; Wang, Y.-C.; Stancu, |.-C.; Apéstolo, N.; Gevaert,
K.; Dewachter, I.; Spires-Jones, T.L.; et al. Synaptogyrin-3 Mediates Presynaptic Dysfunction
Induced by Tau. Neuron 2018, 97, 823—-835.€8.

https://encyclopedia.pub/entry/26572 5/7



Structure and Functions of AB and Tau Proteins | Encyclopedia.pub

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Ovsepian, S.V.; O’Leary, V.B.; Zaborszky, L.; Ntziachristos, V.; Dolly, J.O. Synaptic Vesicle Cycle
and Amyloid (3: Biting the Hand That Feeds. Alzheimers Dement. 2018, 14, 502-513.

Niu, Z.; Zhang, Z.; Zhao, W.; Yang, J. Interactions between Amyloid (3 Peptide and Lipid
Membranes. Biochim. Biophys. Acta-Biomembr. 2018, 1860, 1663—1669.

Georgieva, E.R.; Xiao, S.; Borbat, P.P.; Freed, J.H.; Eliezer, D. Tau Binds to Lipid Membrane
Surfaces via Short Amphipathic Helices Located in Its Microtubule-Binding Repeats. Biophys. J.
2014, 107, 1441-1452.

Wallin, C.; Hiruma, Y.; Warmlander, S.K.T.S.; Huvent, I.; Jarvet, J.; Abrahams, J.P.; Graslund, A.;
Lippens, G.; Luo, J. The Neuronal Tau Protein Blocks in Vitro Fibrillation of the Amyloid-3 (AB)
Peptide at the Oligomeric Stage. J. Am. Chem. Soc. 2018, 140, 8138-8146.

Busche, M.A.; Hyman, B.T. Synergy between Amyloid-3 and Tau in Alzheimer’s Disease. Nat.
Neurosci. 2020, 23, 1183-1193.

Mangialasche, F.; Solomon, A.; Winblad, B.; Mecocci, P.; Kivipelto, M. Alzheimer’s Disease:
Clinical Trials and Drug Development. Lancet Neurol. 2010, 9, 702-716.

Morley, J.E.; Farr, S.A. Hormesis and Amyloid-f3 Protein: Physiology or Pathology? J. Alzheimers
Dis. JAD 2012, 29, 487-492.

Hillen, H. The Beta Amyloid Dysfunction (BAD) Hypothesis for Alzheimer’s Disease. Front.
Neurosci. 2019, 13, 1154.

Giuffrida, M.L.; Caraci, F.; Pignataro, B.; Cataldo, S.; De Bona, P.; Bruno, V.; Molinaro, G.;
Pappalardo, G.; Messina, A.; Palmigiano, A.; et al. Beta-Amyloid Monomers Are Neuroprotective.
J. Neurosci. Off. J. Soc. Neurosci. 2009, 29, 10582-10587.

Cuesto, G.; Enriquez-Barreto, L.; Caramés, C.; Cantarero, M.; Gasull, X.; Sandi, C.; Ferrus, A.;
Acebes, A.; Morales, M. Phosphoinositide-3-Kinase Activation Controls Synaptogenesis and
Spinogenesis in Hippocampal Neurons. J. Neurosci. 2011, 31, 2721-2733.

Ml, G.; Hm, B.; Sr, R. Alzheimer’s Amyloid-$ Is an Antimicrobial Peptide: A Review of the
Evidence. J. Alzheimers Dis. JAD 2018, 62, 1495-1506.

Freedman, D.M.; Wu, J.; Chen, H.; Kuncl, R.W.; Enewold, L.R.; Engels, E.A.; Freedman, N.D.;
Pfeiffer, R.M. Associations between Cancer and Alzheimer’s Disease in a U.S. Medicare
Population. Cancer Med. 2016, 5, 2965-2976.

Brothers, H.M.; Gosztyla, M.L.; Robinson, S.R. The Physiological Roles of Amyloid-3 Peptide Hint
at New Ways to Treat Alzheimer’s Disease. Front. Aging Neurosci. 2018, 10, 118.

Masters, C.L.; Simms, G.; Weinman, N.A.; Multhaup, G.; McDonald, B.L.; Beyreuther, K. Amyloid
Plague Core Protein in Alzheimer Disease and Down Syndrome. Proc. Natl. Acad. Sci. USA 1985,
82, 4245-4249.

https://encyclopedia.pub/entry/26572

6/7



Structure and Functions of AB and Tau Proteins | Encyclopedia.pub

36. Selkoe, D.J. Normal and Abnormal Biology of the Beta-Amyloid Precursor Protein. Annu. Rev.
Neurosci. 1994, 17, 489-517.

37. Thornton, E.; Vink, R.; Blumbergs, P.C.; Van Den Heuvel, C. Soluble Amyloid Precursor Protein
Alpha Reduces Neuronal Injury and Improves Functional Outcome Following Diffuse Traumatic
Brain Injury in Rats. Brain Res. 2006, 1094, 38—46.

38. Wang, Y.-Q.; Qu, D.-H.; Wang, K. Therapeutic Approaches to Alzheimer’s Disease through
Stimulating of Non-Amyloidogenic Processing of Amyloid Precursor Protein. Eur. Rev. Med.
Pharmacol. Sci. 2016, 20, 2389-2403.

39. Luna-Viramontes, N.I.; Campa-Cérdoba, B.B.; Ontiveros-Torres, M.A.; Harrington, C.R.;
Villanueva-Fierro, |.; Guadarrama-Ortiz, P.; Garcés-Ramirez, L.; de la Cruz, F.; Hernandes-
Alejandro, M.; Martinez-Robles, S.; et al. PHF-Core Tau as the Potential Initiating Event for Tau
Pathology in Alzheimer’s Disease. Front. Cell. Neurosci. 2020, 14, 247.

40. Do, T.D.; Economou, N.J.; Chamas, A.; Buratto, S.K.; Shea, J.-E.; Bowers, M.T. Interactions
between Amyloid-3 and Tau Fragments Promote Aberrant Aggregates: Implications for Amyloid
Toxicity. J. Phys. Chem. B 2014, 118, 11220-11230.

41. Jadhav, S.; Cubinkova, V.; Zimova, |.; Brezovakova, V.; Madari, A.; Cigankova, V.; Zilka, N. Tau-
Mediated Synaptic Damage in Alzheimer’s Disease. Transl. Neurosci. 2015, 6, 214-226.

42. Gongalves, R.A.; Wijesekara, N.; Fraser, P.E.; De Felice, F.G. Behavioral Abnormalities in
Knockout and Humanized Tau Mice. Front. Endocrinol. 2020, 11, 124.

43. LoPresti, P. Tau in Oligodendrocytes Takes Neurons in Sickness and in Health. Int. J. Mol. Sci.
2018, 19, 2408.

44. Kent, S.A.; Spires-Jones, T.L.; Durrant, C.S. The Physiological Roles of Tau and AB: Implications
for Alzheimer’s Disease Pathology and Therapeutics. Acta Neuropathol. 2020, 140, 417-447.

45. Guo, T.; Noble, W.; Hanger, D.P. Roles of Tau Protein in Health and Disease. Acta Neuropathol.
2017, 133, 665-704.

46. Rodriguez-Martin, T.; Cuchillo-Ibafiez, I.; Noble, W.; Nyenya, F.; Anderton, B.H.; Hanger, D.P. Tau
Phosphorylation Affects Its Axonal Transport and Degradation. Neurobiol. Aging 2013, 34, 2146—
2157.

47. Pallas-Bazarra, N.; Jurado-Arjona, J.; Navarrete, M.; Esteban, J.A.; Hernandez, F.; Avila, J.;
Llorens-Martin, M. Novel Function of Tau in Regulating the Effects of External Stimuli on Adult
Hippocampal Neurogenesis. EMBO J. 2016, 35, 1417-1436.

48. Martin, L.; Latypova, X.; Terro, F. Post-Translational Modifications of Tau Protein: Implications for
Alzheimer’s Disease. Neurochem. Int. 2011, 58, 458-471.

Retrieved from https://encyclopedia.pub/entry/history/show/64444

https://encyclopedia.pub/entry/26572 717



