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ALZHEIMER HASTALIGININ GELISIMINDE
MIKROORGANIZMALARIN ROLU
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GIRIS

Norodejeneratif hastaliklar, sinir hiicrelerinin ilerleyici kayb1 ve bu kayba bag-
I1 olarak sinir sistemi fonksiyonlarinin yitimine neden olan bir grup hastaliktir.
Alzheimer hastaligi, beyin kanseri, ensefalit, epilepsi, Parkinson hastaligi, Hun-
hington hastaligi, Multiple skleroz(MS) yaslilarda goriilen norodejeneratif bozuk-
luklardir. En sik goriilen norodejeneratif hastaliklardan biri olan Alzheimer has-
talig1, demansin 6nde gelen nedenidir.?! Su anda diinya ¢apinda 30 milyondan
fazla alzheimer hastasinin bulundugu ve bu sayinin 2030 yilina kadar yaklasik 65
milyona ¢ikacagi tahmin edilmektedir.®* Baz1 epidemiyolojik ¢aligmalarda Alz-
heimer hastaliginin nedenleri arasinda, yaglanma en 6nemli faktor olarak kabul
edilsede, yaglanma ile birlikte bir dizi risk faktorii tanimlanmistir, ancak aterosk-
leroz, hiperkolesterolemi, obezite ve diyabet de alzheimer riskini arttirmaktadir.
(3671 Yapilan son ¢aligmalarda Alzheimer hastaliginin gelisiminde mikroorganiz-
malarin rol oynayabilecegi 6ne siiriilmektedir. Bu derleme ¢aligmasinda enfeksi-
yoz ajanlar ile Alzheimer hastalig1 arasindaki iliski hakkindaki veriler toplanmis
ve Ozetlenmistir.

Alzheimer hastalig1

Dr. Alois Alzheimer; demans, kisilik bozuklugu ve uyku problemi olan 55 ya-
sinda hayatini kaybeden bir hastasinin beynini incelemistir. Yaptigi incelemelerde
o6len hastasinin beyninde siddetli kortikalatrofi, intranéronal diigtimler ve ekstra-
noronal plaklar seklinde olan protein birikintilerini fark etmistir. Bu noropatolo-
jik ozellikler o zamandan beri Alzheimer hastalig1 izerine yapilan arastirmalarin
ana odag haline gelmigtir.[5”

Alzheimer hastalarinin otopsi 6rneklerinden elde edilen donmus beyin doku-

1

Ege Universitesi,Biyoloji Béliimii, Temel ve Endiistriyel Mikrobiyoloji ABD derya.ege.219@gmail.com
2 Dog. Dr., Ege Universitesi,Biyoloji Boliimii, Temel ve Endiistriyel Mikrobiyoloji AB
ozlemabaci@yahoo.com

-17 -



10.

11.

12.

13.

14.

15.

16.

Giincel Fen Bilimleri Calismalari

KAYNAKLAR

Alzheimer’s Association. Alzheimer Disease facts and figures. Alzheimer’s & Dementia,
2015,11(3),332.

Sochocka M, Zwolinska K, Leszek J. The Infectious Etiology of Alzheimer’s Disease. Curr
Neuropharmacol. 2017; 15(7):996-1009.

Alonso R, Pisa D, Marina Al Fungal infection in patients with Alzheimer’s disease. J. Alzhei-
mers Dis. 2014a; 41, 301-311.

Claeysen S, Cochet M, Donneger R. Alzheimer culprits: Cellular crossroads and interplay. Cell
Signal. 2012; 24, 1831-1840.

Mayeux R, Stern Y. Epidemiology of Alzheimer disease. Cold Spring Harb Perspect Med 2.
2012; pii: 2006239.

Shah R. The role of nutrition and diet in Alzheimer disease: A systematic review. ] Am Med Dir
Assoc. 2013; 14, 398- 402.

Vignini A, Giulietti A, Nanetti L. Alzheimer’s disease and diabetes: New insights and unifying
therapies. Curr Diabetes Rev 9. 2013; 218-227.

Dahm R. Alzheimer’s discovery. Curr Biol. 2006; R906-R910.

Maya LG, Holly M, Brothersb Stephen RR. Alzheimer’s Amyloid-f is an Antimicrobial Peptide:
A Review of the Evidence. ] Alzheimers Dis. 2018;62(4):1495-1506. doi: 10.3233/JAD-171133.
O’Brien R], Wong PC. Amyloid precursor protein processing and Alzheimer’s disease”, Annu
Rev Neurosci. 2011; 34, 185-204.

Revett TJ, Baker GB, Jhamandas J. Glutamate system, amyloid ss peptides and tau protein: Fun-
ctional interrelationships and relevance to Alzheimer disease pathology. ] Psychiatry Neurosci.
2012; 38, 6-23.

Lee VM, Goedert M, Trojanowski JQ. Neurodegenerative tauopathies. Annu Rev Neurosci.
2001; 24, 1121-1159.

Mandelkow EM, Mandelkow E. Biochemistry and cell biology of tau protein in neurofibrillary
degeneration. Cold Spring Harb Perspect Med 2. 2012; a006247.

Himmelstein D, Ward S, Lancia J. Tau as a therapeutic target in neurodegenerative disease.
Pharmacol Ther. 2012; 136, 8-22.

Binder LI, Guillozet-Bongaarts AL, Garcia-Sierra F.Tau, tangles, and Alzheimer’s disease. Bio-
chim Biophys Acta. 2005; 1739, 216-223.

Bertram 1, Tanzi RE. The genetics of Alzheimer’s disease. Prog Mol Biol Transl Sci. 2012; 107,
79-100.

17.Guerreiro R], Gustafson DR, Hardy J. The genetic architecture of Alzheimer’s disease: Beyond

18.

19.

20.

21.

22.

23.

24.
25.

APP, PSENs and APOE. Neurobiol Aging. 2012; 33, 437-456.

Newman M, Musgrave IE, Lardelli M. Alzheimer disease: Amyloidogenesis, the presenilins and
animal models. Biochim Biophys Acta. 2007; 1772, 285-297.

Tanzi RE. A brief history of Alzheimer’s disease gene discovery. ] Alzheimers Dis. 2013;
33(Suppl 1), $5-13.

Leoni V. The effect of apolipoprotein E (ApoE) genotype on biomarkers of amyloidogenesis,
tau pathology and neurodegeneration in Alzheimer’s disease. Clin Chem Lab Med. 2011; 49,
375-383.

Liu CC, Kanekiyo T, Xu H. Apolipoprotein E and Alzheimer disease: Risk, mechanisms and
therapy. Nat Rev Neurol. 2013; 9, 106-118.

Deramecourt V, Slade JY, Oakley AE. Staging and natural history of cerebrovascular pathology
in dementia. Neurology. 2012; 78, 1043-1050.

Kalaria RN, Akinyemi R, Thara M. Does vascular pathology contribute to Alzheimer changes. J
Neurol Sci. 2012; 322, 141-147.

Tanzi RE. The synaptic Abeta hypothesis of Alzheimer disease. Nat Neurosci. 2005; 8, 977-979.
Teich A, Arancio O. Is the amyloid hypothesis of Alzheimer’s disease therapeutically relevant.
Biochem J. 2012; 446, 165-177.

-27 -



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

Giincel Fen Bilimleri Calismalari

Puig KL, Combs CK. Expression and function of APP and its metabolites outside the central
nervous system. Exp Gerontol. 2013; 48, 608-611.

Penninkilampi R, Brothers HM, Eslick GD. Pharmacological agents targeting-secretase increa-
se risk of cancer and cognitive decline in Alzheimer’s disease patients: A systematic review and
meta-analysis. Journal of Alzheimer Disease. 2016; 53(4):1395-1404.

Maji SK, Perrin MH, Sawaya MR. Functional amyloids as natural storage of peptide hormones
in pituitary secretory granules. Science. 2009; 325, 328-332.

Baker-Nigh A, Vahedi S, Davis EG. Neuronal amyloid-p accumulation within cholinergic basal
forebrain in ageing and Alzheimer’s disease. Brain. 2015; 138, 1722-1737.

Mo JA, Lim JH, Sul AR. Cerebrospinal fluid -amyloid1-42 levels in the differential diagnosis of
Alzheimer’s disease-systematic review and meta-analysis. PloS One. 2015; 10, e0116802.
Nizhnikov AA, Antonets KS, Inge-Vechtomov SG. Amyloids: From pathogenesis to function.
Biochemistry (Mosc). 2015; 80, 1127-1144.

Jacob RS, George E, Singh PK. Cell adhesion on amyloid fibrils lacking integrin recognition
motif. ] Biol Chem. 2016; 291, 5278-5298.

Carneiro KM, Zhai H, Zhu L. Amyloid-like ribbons of amelogenins in enamel minera-
lization. Sci Rep. 2016; 6, 23105.

Bishop GM, Robinson SR. The amyloid hypothesis: Let sleeping dogmas lie. Neurobiol Aging.
2002;23,1101-1105

Robinson SR, Bishop GM. Abeta as a bioflocculant: Implications for the amyloid hypothesis of
Alzheimer’s. 2002;

Pulze L, Bassani B,Gini E. NET amyloidogenic backbone in human activated neutrophils. Clin
Exp Immunol. 2016; 183, 861 479.

Chow OA, Vonko"ckritz-Blickwede M, Bright AT. Statins enhance formation of phagocyte ext-
racellular traps. Cell Host Microbe. 2010; 8,445-454.

Von Kockritz-Blickwede M, Nizet V. Innate immunity turned inside-out: Antimicrobial defen-
se by phagocyte extracellular traps. ] Mol Med (Berl). 2009; 87, 775-783.

Kagan BL, Jang H, Capone R. Antimicrobial properties of amyloid peptides. Mol Pharm. 2012;
2;9(4):708-17. doi: 10.1021/mp200419b.

Soragni A, Yousefi S, Stoeckle C. Toxicity of eosinophil MBP is repressed by intracellular crys-
tallization and promoted by extracellular aggregation. Mol Cell. 2015; 57, 1011-1021.

Torrent M, Pulido D, Nogu’es MV. Exploring new biological functions of amyloids: Bacteria
cell agglutination mediated by host protein aggregation. PLoS Pathog. 2012; 8, €1003005.
Soscia S, Kirby JE, Washicosky KJ. The Alzheimer’s disease-associated amyloid beta-protein is
an antimicrobial peptide. PloS One. 2010; 5, €9505.

Spitzer P, Condic M, Herrmann M. Amyloidogenic amyloid-p-peptide variants induce micro-
bial agglutination and exert antimicrobial activity. Sci Rep. 2016; 6, 32228.

Bourgade K, Dupuis G, Frost EH. Antiviral properties of amyloid-( peptides. ] Alzheimers Dis.
2016; 54, 859-878.

Lukiw W], Cui JG, Yuan LY. Acyclovir or AP42 peptides attenuate HSV-1-induced miR-
NA-146a levels in human primary brain cells. Neuroreport. 2010; 21, 922-927

Bourgade K, Garneau H, Giroux G. Amyloid peptides display protective activity against the
human Alzheimer’s disease-associated herpes simplex virus-1. Biogerontology. 2015; 16, 85-98.
White MR, Kandel R, Tripathi S. Alzheimer’s associated f-amyloid protein inhibits influenza A
virus and modulates viral interactions with phagocyte. PloS One. 2014; 9,e101364.

Kumar DK, Eimer WA, Tanzi RE. Alzheimer’s disease: The potential therapeutic role of the
natural antibiotic amyloid-B peptide. Neurodegener Dis Manag. 2016; 6, 345-348.

Wozniak MA, Frost AL, Preston CM. Antivirals reduce the formation of key Alzheimer’s disea-
se molecules in cell cultures acutely infected with herpes simplex virus type 1. PloS One. 2011;
6, €25152.

Miklossy J. Bacterial amyloid and DNA are important constituents of senile plaques: Further
evidence of the spirochetal and biofilm nature of senile plaques. ] Alzheimers Dis. 2016; 53,

-28-



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Giincel Fen Bilimleri Calismalari

1459-1473.

Little CS, Hammond CJ, Macintyre A. Chlamydia pneumoniae induces Alzheimer-like amyloid
plaques in brains of BALB/c mice. Neurobiol Aging. 2004; 25, 419-429.

Miklossy ], Rosemberg S, Mcgeer PL. 2006. Beta amyloid deposition in the atrophic form of
general paresis. In: Alzheimer’s disease:New advances, Igbal K, Winblad B, Avila ] Eds,Medi-
mond,International Proceedings. pp. 429-433.

Miklossy J. Historic evidence to support a causal relationship between spirochetal infections
and Alzheimer’s disease. Front Aging Neurosci. 2015; 7, 46.

Ishida N, Ishihara Y, Ishida K. Periodontitis induced by bacterial infection exacerbates features
of Alzheimer’s disease in transgenic mice. NPJ Aging Mech Dis. 2017; 3, 15.

Alonso R, Pisa D, Rabano A. Alzheimer’s disease and disseminated mycoses. Eur. J. Clin. Mic-
robiol. Infect. Dis. 2014b; 33, 1125-1132.

Pisa D, Alonso R, Juarranz A. Direct visualization of fungal infection in brains from patients
with Alzheimer’s disease. J. Alzheimers Dis. 2015a; 43, 613-624. doi: 10.3233/JAD-141386
Pisa D, Alonso R, Rabano A. Different brain regions are infected with fungi in Alzheimer’s
disease. Sci. Rep. 2015b; 5:15015.

Castellani R]. Chitin-like polysaccharides in Alzheimer’s disease brains. Curr Alzheimer Res.
2005; 2, 419-423.

Espinosa V, Rivera A. Cytokines and the regulation of fungus-specific CD4 T cell differentiati-
on. Cytokine. 2012; 58, 100-106.

Gozalbo D, Maneu V, GiL ML. Role of IFN-gamma in immune responses to Candida albicans
infections. Front Biosci (Landmark Ed). 2014; 19, 1279-1290.

Romani L. Immunity to fungal infection. Nat Rev Immunol. 2004; 4, 1-23.

Kim KS. Microbial translocation of the blood-brain barrier. Int J Parasitol. 2004;36, 607-614.
Younger DS. Vasculitis of the nervous system. Curr Opin Neurol. 2004; 17, 317-336.

Lionakis MS, Netea MG, Holland SM. Mendelian genetics of human susceptibility to fungal
infection. Cold Spring Harb Perspect Med. 2014; 4, a019638.

Smeekens SP, Van de Veerdonk FL, Kullberg BJ. Genetic susceptibility to Candida infections.
EMBO Mol Med. 2013; 5, 805-813.

Alonso R, Pisa D, Aguado B. Identification of fungal species in brain tissue from Alzheimer’s
disease by next-generation sequencing. J. Alzheimers. Dis. 2017; 58, 55-67. doi: 10.3233/JAD-
170058

Pisa D, Alonso R, Ferndndez-Fernandez AM. Polymicrobial infections in brain tissue from
Alzheimer’s disease patients. Sci. Rep. 2017; 7:5559. doi: 10.1038/541598-017-05903-y

Pisa D, Alonso R, Rdbano A. Fungal enolase, b-tubulin, and chitin are detected in brain tissue
from Alzheimer’s disease patients. Front. Microbiol. 2016; 7:1772.

Alonso R, Pisa D, Marina Al Evidence for fungal infection in cerebrospinal fluid and brain
tissue from patients with amyotrophic lateral sclerosis. Int. J. Biol. Sci.2015; 11, 546-558.
Olsson J, Lovheim H, Honkala E. HSV presence in brains of individuals without dementia: the
TASTY brain series. Model Mech. 2016; 9, 1349-1355.

Itzhaki RE. Herpes simplex virus type 1 and Alzheimer’s disease: increasing evidence for a
major role of the viriis. Front Aging Neurosci. 2014; 6, 202.

Itzhaki RE Herpes and Alzheimer’s Disease: Subversion in the Central Nervous System and
How It Might Be Halted. J Alzheimers Dis. 2016; 54, 1273-1281.

Soscia S, Kirby JE, Washicosky KJ. The Alzheimer’s disease-associated amyloid beta-protein is
an antimicrobial peptide. PLoS One. 2010; 5, €9505.

Kumar DK, Choi SH, Washicosky KJ. Amyloid-beta peptide protects against microbial infecti-
on in mouse and worm models of Alzheimer’s disease. Sci Transl Med. 2016; 8, 340ra372.
Harris SA, Harris EA. Herpes Simplex Virus Type 1 and Other Pathogens are Key Causative
Factors in Sporadic Alzheimer’s Disease. ] Alzheimers Dis. 2015; 48, 319-353.

Balin BJ, Little CS, Hammond CJ. Chlamydophila pneumoniae and the etiology of late-onset
Alzheimer’s disease. ] Alzheimers Dis. 2008; 13, 371-380.

-29.



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Giincel Fen Bilimleri Calismalari

Leech MT, Bartold PM. The association between rheumatoid arthritis and periodontitis. Best
Pract Res Clin Rheumatol. 2015; 29, 189-201.

Koren O, Spor A, Felin J. Human oral, gut, and plaque microbiota in patients with atheroscle-
rosis. Proc Natl Acad Sci USA 108(Suppl 1). 2011; 4592-4598.

Klotz SA, Chasin BS, Powell B. Polymicrobial bloodstream infections involving Candida spe-
cies: analysis of patients and review of the literatiire. Diagn Microbiol Infect Dis. 2007; 59,
401-406.

Dixon EFE Hall RA. Noisy neighbourhoods: quorum sensing in fungal-polymicrobial infecti-
ons. Cell Microbiol. 2015; 17, 1431-1441.

Ghosh S, Howe N, Volk K. Candida albicans cell wall components and farnesol stimulate the
expression of both inflammatory and regulatory cytokines in the murine RAW264.7 macrop-
hage cell line. FEMS Immunol Med Microbiol. 2010; 60, 63-73.

Leonhardt I, Spielberg S, Weber M. The fungal quorum-sensing molecule farnesol activates
innate immune cells but suppresses cellular adaptive immunity. MBio 6. 2015; e00143.

Sotgiu S, Musumec S, Marconi S. Different content of chitin-like polysaccharides in multiple
sclerosis and Alzheimer’s disease brains. ] Neuroimmunol. 2008; 197, 70-73.

Olsen I, Singhrao SK. Can oral infection be a risk factor for Alzheimer’s disease?. ] Oral Micro-
biol. 2015; Sep 17;7:29143.

Barichello T, Generoso JS, Simoes LR. Role of microglial activation in the pathophysiology of
bacterial meningitis”, Mol. Neurobiol. 2016; 53, 1770-1781. doi: 10.1007/s12035-015- 9107-4
Chen Z, Trapp BD. Microglia and neuroprotection’, J. Neurochem. 2016; 136(Suppl. 1), 10-17.
doi: 10.1111/jnc.13062

Kim KS. E. coli invasion of brain microvascular endothelial cells as a pathogenetic basis of me-
ningitis. Subcell Biochem. 2000; 33:47-59.

Tsao N, Hsu HP, Wu CM. Tumour necrosis factor-alpha causes an increase in blood-brain
barrier permeability during sepsis. ] Med Microbiol. 2001; Sep;50(9):812-21.

Tongren JE, Yang C, Collins WE. Expression of proinflammatory cytokines in four regions of
the brain in Macaque mulatta (rhesus) monkeys infected with Plasmodium coatneyi. Am J
Trop Med Hyg. 2000; Apr;62(4):530-4.

Langford D, Masliah E. Crosstalk between components of the blood brain barrier and cells of
the CNS in microglial activation in AIDS. Brain Pathol. 2001; 11(*):306-312.

-30 -



