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Introduction

Alzheimer's disease (AD}ia debilitating and degenerativendentiawith a
senile onsefover 65 years, but can occur even in the presenile bgfore
age 65).In 1906, Aloise Alzheimer, a German psychiatridentified and
presentedhe first case of what became known as Alxteg's disease in a
fifty -yearold woman called Auguste D.

In this reporthe underlind severalcardinal features of the disorder that are
currently observed in most patientprogressive memory impairment
disordered cognitive functionsaltered behavior including paranoia,
delusions, and loss of social appropriatereasd a progressive decline in
language function

In the early stagesf AD, the most commonlyecognizedsymptom is
inability to acquire new memories, such as difficulty in recalling regentl
observed factsGradually, bodly functions are lost, ultimately leading to
death.Individual prognosis is difficult to assesand the duration of the
disease varies. AD develops for an indeterminate period of time before
becomingclinically apparent, d it can progress undiagnosed for ye#ns.
fact, he cause and progression of Alzheimer's disease are not well
understoodWhen AD is suspected, the diagnosis is usually confirbned
behavioralassessments and cognitive tests, often followed by a lwam s
An internationally agreement upon standafdEST for clinical diagnosis

of AD includes a detailed history, function@leasurement of decline such
as instrumental activity of daily living scalesnini mental status

examination tests (MMSE), Clinicdbementia Rating{CDR), Disability
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Assessment for Dementia (DAD), neuropsychologicalzaluation,
neurological and psychiatric examination

The MMSE test, for examplallows to classify subjects with dementia
according to categories of clinical severity atodthe rate of cognitive
decline. This test, developed by Folstein in 1,985wvidely used sinceit
allows asemi quantitativeevaluation of the degree of cognitive impairment
(Folstein MF et a].1975.

The cognitiveevaluation obtained from these tdst today accurate and
reached up to 90% of the confirmed autopsy cagd3. must be
differentiated from other causes of dementia: vasalganentia, dementia
wi t h Lewy bodi es, Par ki nfordotemmoral di sease
dementia, and reversible demast

An intermediate stage betweanrmal ageing and dementia has long been
recognizedoy severatlassification systems and these attempts have viewed
the condition as either physiological ageing or the beggs of a
pathological procesand has now defed as mild cognitive impairment
(MCI) (DeCarli C,2003.

Originally, MCI diagnosis required the presence of memory complaint
(preferably corroborated by an informant), objective memory impairment
for age, preserved general cognitive function, normaltional activities,

and no dementiaThe impact of MCI is differentn a high functioning
professional aged 55 to a retired 80 yalarwith few cognitive demands in

their life.

\
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Because not all individuals with MCI progress dinical dementia, it is

critical to identify risk factors and biomarkefer the development of

dementia and AD in this cohoffoward this endAggarwalet al. showed

thatpossessioof t he U4 variant of tt6Raallele fo
known risk factor for the development of AD in normal eldénlyividuals,

is alsoassociated with increased risk of developkid in individuals with

MCI (AggarwalNT et al, 20095.
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Epidemiology of Al zhei mer 6s di se

AD is now a worldwide spreaddisease asthe incidence of AD increases

with age, it is particularly important toonsiderthe mean age of the

population of interest. n t he Uni ted St aprevalenceAl zhei mer
was estimad to be 1.6% in 2000 both overall and in thé@bage group,

with the rate increasing to 19% in thei 88 group andup to 42% in the

olderthan 84yeargroup(Hebert LE et al 2003.
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Another study estimated th:™
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in 2006, 0.40% of the worlc | —
population (absolute numbe,

26.6 million, range 11i569.4 *

s

million) would beafflicted by

o
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AD, that the prevalence rat|§‘|gure 1. Estimated omber of people with B in

_ ltaly in 1991, 1999, 2020 and 2050
would triple and theabsolute

number woull quadruple by 205(BrookmeyerR et al, 2007)

In ltaly, AD affected subjects are between 800.000 and 1 million and

unfortunately the number of new cases/year (incidence) is going to

dramatically increase as a consequencéhefprogressive increase dfet

mean age and life expectanin our population. In Fidl the increasing

number of Italian subjects affected by Al

years and the projection of tircidence for the next 40 years are shown.
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Pat hogenesi s DsdaseAl zhei mer 0s

Al zhei mer 0 sa halerogeeemsrultifactsrial and progressive
neurodegenerativdiseasehat affects specific areas of the brdihe neuro
pathological hallmarks of the disease are: neuritic senile plaques,
neurofibrillary tangles, neuronal atrophy and cortical neurodegeneration

(Terry RD, 1994)AD begins in the cewbea cones Ventricies

™
-

entorhinal cortex a brain region | = % 1 Vs

A .
that is near the hippocampus ai / A ,/ Iy

has direct connections to it. Healtr | # ?\‘
— : } )

neurons in this region begin t‘( _ / -
. A y

work less efficiently, lose theil \\ | o
\74.

Hippocampus Entorhinal Cortex

ability to communicate, ar](Itigure 2:  Specific areas of the brain mainl
affected by AD

—

ultimately die. This process
gradually spreads to the hippocampus, the brain region that plays a major
role in learning andsiinvolved in converting sheterm memories to lonrg

term memorieskinally, dfected regions begin to atrophy

Senile Plagues

Senile plaques(Fig. 3), wi t h di ameters be,tance en
extracellular deposits of amyloid in the gray matter of thenbrahe
deposits are associated with degenerative neural structures and an

abundance of microglia arakstrocyteMancardi GLet al, 1983; McGeer
8

10
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PL et al, 1993. These plaque havbeen identifiedn severalAD brain

areas like hippocampuamygdaleandin brain cortex.

Beta amyloid peptide (8) is the main component of senile plaques 5 &

short peptide of 4@2 amino acids and vita molecular weight of 4.2kDa.
Moreover, amyloid filaments are able to be folded in a beta sheet structure
(McLean C andBeureutheK, 1997).

Ab  p e plerives ! ‘f Q m

from a precursor...

protein molecule

named Amyloid
precursor protein OL’*
APP that undergoef :; ‘

to an

processing.

i:'igure 3. Senile plaques in affected AD brain

Senile plaques arsurroundedalso by other moleculespresent in minor

amounts such asytokines apolipoprotein Eandinflammatory molecules

Neurofibrillary tangles (NFT)

NFT (Fig. 4 are a major microscopic lesion of AD and are located
primarily in | arge pyrami daterelmaéur ons of
neocortex, although neurofibrillary pathology is also encountered in deep

structures, including midbrain and pontine tegmentum, basal nucleus of

Meynert, and hypothalamuBraak HandBraak E, 1991
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Morphologically, NFT are classically describad consisting of numerous
paired helical filament¢PHF), (Kidd M, 1963 which are composed of 2
axially opposed helical filaments with a diameter of 10 nm and gkailbd
of 80 nm(Wisniewski HM et al, 1964).

Healthy neurons havean 7%

i nternal A b

these structures areainly \
composed and stabilize%}’
by tau protein.
In  Alzheimeb sdisease,,’.“

ol 'F'V\ e \"'i? K ‘ “ "(‘I v L“
Neurofibrillary tanglesn affected AD brain

.

this protein is notin a #igﬁféﬁ4?
normal conformationtau protein results in an iper phosphorilated form and
this implies a grater probability of self annealing of tau ufBisee L et al.
2000. This abnormal annealing ofau proteincauses a dgneration of
microtubular structur@and compromise axonal transpagsulting in a very
instable conditions where neurons are no longer able to communicate in

optimal manner

10
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Pathogenetic hypothesis

Al z h ei me rislaverydconglexsandea multifactorial disease in which
intrinsic, gengic and environmentafactor interact with each other and
contribute to the onset of the disease

A large number of hypothesis and theories have been proposed to explain all
the processes and the mechanisms leading to the pathogenesis and the onset
of the diseaseFor exampleamyloid hypothesisinflammatory hypothesis,

vasculathypothesisviral hypothesis.

Amyloid hypothesis

Classicalpathological features of AD are the presence of senile plaques and
neurofibrillary tanglesn SNC.The main component oésile plaques is the

b amyl oid pepti de r es uthetamytog précaresom a
protein APP). APP is the A& peptide precursor and is a tramembrane
glycoproteinwidely expressed (it is also present on platelets), produced by
the endoplamatic reticulum and involved in the neuronal and dendritic

growth and synapses formation.

prot e

The metabolic cleavage of APP involves t

andgsecretaseT h e me mb r a psecretpse @he &irst Bnzybhe that
cleaveshAPP madeculebetweerresduesLys687 and Leu688; in this way

smal | peptide remains anandacaubleN t o t
Ter pept i daeasedimterxirhcellular compartm@&noteolitic

11
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cleavageb y U s prevengA ba sreeanceresitsdn the so called non
amyloidogenigathway (Thinakaran GandKoo EH, 2009.

Onthe other hand, the combined and sequential cleawagePPby b and
gsecretasereleass A b p eqomposkcof 43 2 ami noaci ds. b sec
(called also BACE)n fact cusb APP mol ecul e between resid
and Asp672esiduestwo fragmentsaaregener at ed: a bCTF, [ i nk
membrane and a -Wer peptiden a me d sTAd Ramsmembrane

fragment becomes subste for theo secretase enmye that produes

different small peptide§Ab 40/42/43 resulting bylle712, Tnr 714 e Val

715cleavage.

b A -42(@eptidesynthesized mainly in the endhoplasmatic reticuland

in Golgi system are majdror m of Ab produced.during bA
In the pathogenesis of AD, accumulation of AR in the brain, particularly

AR42, is considered to be an important st8mé&ll DH and McLeanCA,

1999. AR40 is the major form of sed¢eel AR. However, AR42, the minor

form, aggregates more readily and is thought to seed amyloid fibril
polymerization during the early stages of plaque formatianr¢ttTJ et al.,

1993. Amyloid aggregatesorm insoluble filaments that are abouB/m

in diameter. The fibrillar forms of AR,-Bleated amyloidibrils, consist of

antiparallelpleated sheets, thought to be especially neurotoxic.

Understanding how and where AR aggregation begins may elucidate the

mechanism of AD pathogenesis. Recent repodgest that AR igenerated

and accumulates intracellularlyyrnerRS et al., 1996; SkovronskpM et

al., 1998; GourasJK et al., 2000).It has also been reported that

12
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intraneuronal accumulation of AR peptides may precede the detection of
extracellular amipid plaques and NFTSGourasJK et al., 2000)and that

this may be associated witheurodegenerationChui DH et al., 1999%.
Masliah et al. showed by electron microscopy that neuronal procesaes
plagues can display fine intracellular amyloid fib@djacent to rough ER

and coated vesicledl@sliahE et al., 199% Recent evidence suggests that
neurotoxic effects of AR may be independent of plaque formatiosnvo
(Hsia AY et al., 1999; ChubDH et al., 1999)and independent of-fleated

AR formationin vitro (LambertJC et al., 1998; HartleypM et al., 1999;

WalshDM et al., 1999).

Inflammatory hypothesis

The hypothesis thanhflammation may participate inAlzheimer's disease
pathogenesisvas first articulated about 20 years ago, and despite two
decads of work, many of the central questions regardingrtfi@mmatory
responsén theAlzheimer's diseaderainremainunanswered (

One of the hypothesis is that the presence of amyloid plaques and
neurofibrillary tanglesmay stimulatea chronic inflammatory reaction to
clear this debs.

Inflammatory response is a very complex process, slightly regulated that
involves the synthesis and the release of numerous factors such as
cytokines, inflammatory mediators, histamine, prostaglandideadso some

hormonescGeerEG and McGeePL, 1999.

13
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In AD brain, in fact, inflammatory responsappeargo be alteratedhigh
levels of cytokines as Tumor Necrosis Factor (TNF), Interledik{i.-1),

IL-6, IL-8 IL-10 and some interferon seems to be aied(BaumannH and
Gauldie J, 1994) A recent report showed thailpha 1 antichymotrypsin
(ACT) levels were higher in AD patients than in CIND (cognitive
impairment but not dementia) wor controls (PorcellinE, et al 2008).

In addition po-inflammatorycytokines enhance 0 and A42 peptides
production and inhibit amyloid precursor protein (APP) production, on the
whole andespeciallythe soluble fraction of APP with neuronal protective
effect

Astrocytes and microglibave a pivotal role in the inflamatory activation.
Astocytes represeragtbout the 40% of the total population of the CNS and
are involved in important brain functions such as the regulation of neuronal
growth and are able t@pairto neuronal damage

In AD brain astrocytes have been foun associ ated to b
(Norenberg MD, 1994 Masliah E et a].2000).

Astrocites produce a large number of citokines a& ((Griffin WS, 1989),

IL-6 (BauerJ, 1992, TNF (SawadaM, 1989)andalpha 1 antichymotrypsin
(ACT) that might have a piveal role in AD pathogenesis sintieey could
modify the normal metabolism of APP pathwé&$oldgaberD, 1989;

Altstiel LD, 1991).

amyl ol

In fact many Aut hor s have demonstrated that i n

several of inflammatorynolecules and ytokines are incresed. A recent

reportshowed thatACT levels were higher in AD patients than in CIND

14



Introduction

(cognitive impairment but not dementia) or contrd®rgellini E et al.,
2008).

Also microgliais located inside the neuropathological lesions associated to
AD. These cdt are phenotipically simitato blood monocytes andissue
macrophages and replace their functions inhfen (RansohoffRM and
Perry VH, 2009. Microglial cell exmpse on their surfaceomplement
receptors, MHC | and MHC Il molecules and release cytaxkimand
molecules involving in acute phase inflammation.

Microglia, suchas astrocytes, have a double role in the cellular response
against neuronal damage: one pathogendtinction of promoting
inflammation promoter and a protective rql@onzalesScaranoF et al,
1999.

Anyhow, itis not clearwhetherinflammation in AD is an early event or a
secondary process inducted by a pre sxgstamage.

The importance of inflammation in AD is further strengthened by
epidemiological data showing that the routiree wf the nossteroid antr
inflammatorydrugs (NSAIDs) was associated with a decreased incidence of
AD (BreitnerJCetal, 1994 . ; 1 no6t200el d BA et al
Moreover, molecular genetic studies have indicated also shajle
nucleotide polymorphisms (SNPlocated in inflammatory genes could be
linked to Alzheiemer diseaggicastro et al.,2007). These SNPsnay act

both as risk andr protective factors for the disease.

15
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Vascular Hypothesis

The vascular hypothesis of Alzheimer disease, first propos&khya torre

in 1993, provides substantial evidence that suggests vascular risk factors
(VRF) play a critical role in the development of cognitdecline and AD
during agingde la Torre JC anilussivand T1993.

There are many notable observational epidégical studies that have
helpedto clarify the role of vascular riskactorsfor AD; these include the
Honolulu Asia Aging Study, the Goteborg Studind the Frammingam
Study. All theseinvestigations have underlined the possible role of
hypertension, idbetes, smoking, lipids homocysteine, physical inactivity,
fat intake systemic marker of atherosclerosis and other vascular factors that
may be associated withincreasing or decreasing risk of cognitive
impairment and ADMoreover,severakstudies suggésn important role for
bloodvesselslterationsn the pathogenesis of AD dement&koog let al,

1996 Hofman Aet al, 1997 Snowdon DAet al, 1997)

Numerous structural and functional abnormalities of the cerebro
microvasculature in AD have beals identified (de la Torre JC and
Mussivand T 1993;Kalaria RN 1996) incluing decreased microvascular
density and vascular distortions such as vessel kinking, twisting, tortuosity,
and looping. In addition, several active functions of the blo@ih barier,
including glucose transport, are diminished in AD. Furthermore, AD brain
vessels are oxidatively damaged, express inflammatory mediatar®yver

produce nitric oxide (Dorheim MA et al, 1994. Elevated vascular

16
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production of nitric oxide,derivatves with potential neurotoxinaction

could contribute to neuronal injury and death in AD.

We have just discussed that results of epidemiological studies suggest that
chronic use of certain drugs (NSAIDs) significantly decreases the risk of

Al z hei seaseBrsitneddCetal, 1994 . ; | ned al, 2008.1 d BA
Also if brain inflammation has becanmgema | or focus for Al zhe
disease research, brain inflammaticannot, however, explains the risk
reduction conferred by drugs thatay lack substantialantrinflammatory
activity. Some p ut a tpreventive érligg, hsech mer 6 s di
lovastatin, pravastatin, H2 antagonist, aspirin, aigubit angiogenesis.

These observations have led to consatginthe role of thébrain vascular
endothelial cellsn thepathogenesis of the disease.

Endothelialcells in fact could respond to both hypoxia and inflammation by
regulatingangiogenesis respondgrain angiogenesiss a tightly controlled

process that requires chemotactic, proteolytic and mitogenidtedtiof the
endothelial cell§PlateKH, 1999. For instancen increasingexpression of

vascular endothelial growth factQ¥EGF), transforming growth factor b

(TGFb) and tumor necrosis factar(TNFa)may control angiogenesis in the
brain(Tarkowsky Eet al., 2002)

Ultrastructural studies have shown tHasamyloid plaquesare closely
associated withbrain microvesselsand that Alzheimer's disease brain
capillaries contain preamyloid depos{tgliyakawa T, 1997 Furthermore

the -amyloid plague generatesactive oxygen species that damage brain

endothelium(Liu F et al, 2000.

17
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Progressive deposition of amyloid precursor protein leads to accumulation
o f  tamyoidplaque, which generates more reactive oxygen species and
further induces endothelial dame. By this way endothelialdependent
eventsmayc o nt r i bamylodd accumuldtion in the brain platients

with Alzheimer's disease and neurodahth(Vagnucci A, 2003

Viral Hypothesis

Al zhei mer 6s di sease is the doenmieki ng cause

Its etiology is recognized as multifactorial, with the possible inclusion of

infectious agents. In the 1960s and 1970s, researchers observed elevated

levels of antibodies to herpes simplex virus type 1 (H$Vh patients with

psychiatric disalters(Cleobury JFet al, 1971 Lycke Eet al, 1974).

On the basis of these results, Sequietral studied HSV1 nucleicacid

sequenze in the brain of demented and psychiatric patieetgiiera L\Wet

al., 1979 and found that the HSY genome was presein brain samples of

elderly patients with dementia.

HSV-1 was found in both AD and normal aged braifenfieson GA et al.

1991;Jamieson GAet al, 1992 Wozniak MAet al, 2009.

The associationof virus, in particular herpes virusyith AD, could be

involved for several reason:

1) in acute HSV1 encephalitis, infection targets particular regions,
including hippocampusand the frontal and temporal cortices, which

are also prominently affected in ADenaro FEt al, 2003

18
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2) viral DNA has beeriound in thesame regios as those most affected
in AD (Honjo K et al, 2009

3) HSV-1 DNA was detected in only a very small proportion of brains
from younger people, indicating that the virus can enter the brain
when an individual becomes older, perhaps becaudedag related
declineof the immune systerfWozniak MAet al. 200%

A recent pubblication or |-t b CEACAMI19  + OMIMHGNC svprd evmm

FAH_po105. i CEACANIE + HGMNC svpr dlevimm

Nature Genetics (Lambel

45,250

[—un_vosize. i BCL3 + DWW HGHNC svpr dlevmm
et al. 2009) abouta |,
Ii v CBLC + OMIMHGHNC svpr dlevimm
Genome Wlde I: NH Hbisesi; I BCAM + OWHGNCSV}D_QQM
45.35H PVRLZ2 v OWIWMHGNC svpr dl ev mm
Association (GWA) I o TOMMAO ¢ OMIMHEGNC svpr dleviam
00412, APOE + OWMWMHGHNC svpr dl ev mm
=:::33?ié‘3: = APOCT + OMIMHGHNC svpr dlevmm
ARt 1] =
showed indeed, that al o = T 00100120500 + sops dlevg]
aonness. o ol | APOCIP1 * HGNC ey dlevim
genetic cluster or APOCY + OMIMHGHNC svpr dlevrnm
g APOC?2 + OMIMHGHC svpr dlevimm
chromosome 19 wa CLPTMI + OMIMHGNC svpr dlevim
I NH_0085 03 I RELE + OWMTWMHGNC svpr dl ev mm
strongly associated wnl] woomoss. ] SFRS16 ’ HGNC svpr dlevimm
L n_tasacs. ZIF2R6 + HGNC svpr dlevmm
Al zhei mer 6 Tabéel g %Etéc Igcus on (&rlon'fosome 19 near APC

these genes were located near APOE gene, the main gene associated to
sporadic AD.The first set of genes was located in close vicinitythef

APOE locus onhe chromosome 1@able1) andconsisted of the poliovirus
receptosrelated 2 or necti2 (NC-2), apolipoprotein E (APOE), the
translocase of outer mitochondrial membrane 40 homdlGiiM-40),

the glycoprotein carcirembryonic antigen related cell adhesioaleculel6

(CEACAM-I 6) and Bcell/lymphoma3 (Bcl-3) genes

19
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Thesegene are involved iseveraliral pathway, it has beesuggestedhat
they result in a genetic signature that might affect individumain
susceptibility to infeton by herpes virus faily during aging, leading to
neuronal loss, inflammation araimyloid deposition(Porcellini E et al,
2010)

It is likely that in genetically predisposed individyalge with the above
genetic signature, andith a defective immune response latent viause
mightin the brainreactivatedvith an increased frequeneyd contribute to

neuredegenerative processes leading to cognitive impairment and AD.

20
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Genetic of Al zhei mer 6s di se

The vast majority of Alzheimer's diseasgsesare sporadic

This meanthat tere is not a dominant genetic transmission, howswere
genes may act as risk factgsomotinglate onset AD On the other hand,
about 1% of AD cases ardndeed familial forms with an autosomal
dominant inheritancan this cases the diseasas an onsebeforethe ageof

65 years(Early onset AD).

Familial form of early onset AD

Three genetic locus seem to be involved in the mendelian autosomal

dominant form of Alzheimer

1) Precurson b amyloid protein (APP) on c
2) Presenil (PS1) on chromosonit

3) Presenilin 2 (PS2) on chromosome 1

The mutant gene APP is located on chromosom®aivn Syndrome (DS)

is the consequent of the presence of an exdpy ofthe chromosome 21.

DS subjectsoften suffer of Alzheimer and show brain alterations with

neurop#hological features similar tilhose ofAD, but with anearly onset.

As we justmentionedbefore, APP is the precursor obA pepti de, t he ma
component of senile plagues.

It has been reported that mut ations on |

i nvolved in the c¢l| edonatpecoaddbedmdiB | eadi ng

21
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the normal processing of APP resulting in neuronal deadidfaber Det

al., 1987 Goate A et al, 1991).

PS1gene is located on chromosome 14 and was identifieBdgaevin
1995 Rogaev El et a/1995.

PS1function is not clearand seems to be involved in thegulation of
proten traffic andtransductiorsignalduring the develament

60 mutatios in PS1have been identified: many of these mutation are-miss
sense mutation localized in transmembraoenain. Mutations in exon 5
and 8 have been correlated to the age of onset of the disease NICruts
1996;). Mutations in presenilin 2 RS2 on chromosome 1 were first
described in 1995 and only 18 potentially pathagenutations have been
reportedLevy-LahadE et al, 1995; Rogae¥X et al, 1995)

Recent studies have shown thlae lack of PS1 and PS2 prevents the
secretase cleavagtis leads to an accumulation oft€minal fragments
and increased production of bdétagment amyloid that is the basis of the
formation of amyloid plaques. In addition, PS1 and PS2 appear to be also
targets for the cleavage @me proteins by caspasesactivated during
apoptosisand thiscouldsuggest a role for PSland PS2n neuronal death.
However, most AD cases are lateset(>65 years of age), account for the
majority of clinical AD and do noshow a clear mendelian patteot
segregation.Other geneticfactors may also play an important role in

determining late onset AD risk.

22
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Sporadic form of late onset AD

Complex disease, such as sporadic AD, are presumed to be the results of the
interactions of many genes and environmefatetiors. Genetically, AD ian
heterogeneous and compldisease displaying no single or simple mode of
inhelitance. In 1994, two biochemist#/. Strittmatter e G. Salvesen
hypotized thain AD, other protein might deposit in brain plaques

One of this potein wasfound to be Apolipoprotein E (ApoEthe main
cholesterol transpaet in the brain(Strittmatter W) et al, 1994). The ApoE

is a glycoprotein of about 299 amino acids avitbse gene isocated on

chromosome 19. It is present in three different imom called E2, E3 and

E4 derivedform three different allelic variatisnAPOEU 2, U3 e U4.

combination of these three alleles Is&anl the identification of six different
genotypesbeing theU 3 / thelh®st frequentTheseisoforms derivedfrom

the substitution ArgCys in aminoacidic residues 112 and 158.

The apolipoprotein E# allele is the only known genetic variant that has
been constantly associated with increased laieset AD risk. This
association has been confirmed in a large number of stndyn different
ethnicgroup Ganguli Met al, 2000). In other studies a protective effect of
t he AP @al8&einJAD patients has been demonstrated (Morrow JA
1999)

The presence dahe allele # predispose to an increased risk amaot by
itself suficient to establish theclinical diagnosissince many people with
AD do not possess this alleleaivs M et al, 2003;Rubinsztein DCet al,

1999. By contrast, susceptibilitjor lateonset AD shows less obvious or
23
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no apparent familiar aggregation, asdikely to be governed by an array of
common risk alleles across a number of different géhese genes affect
various pathways, many of which are likely to be involved in inflammation,
cholesterol metabolismb-amyloid metabolism, angiogenesis, oxidative
stressand otheless defined gendS€ombarros Cet al, 2002.

In recentyears, many studidsave triedto clarify whether polymorphism
presentin genesregulating inflammation or cholesterol pathway were
correlated to a differential riskf developng AD or to a different rate of
cognitive decline. For example, Interleukin(lL-1) is a cytokine involved

in inflammation. I-1 betawhenreleased in the blooat high levelsnduces
fever, sleep, anorexiand potension This cytokine is expressed by
activated microglia iPAD (Sheng JG et al1996. On the promoter region
of IL-1 betageneis present a polymorphismit position-511 and the TT
genotype increased the risk of AD (Licastretal, 2000; Chiappeli M et

al., 2006).

IL-10 isamot her i nfl ammatory gene found asso
diseaseIL-10 gene,locaed on chromosome ,lis synthesizedn central
nervous system and its function is itmit the inflammatory respons&any
single nucleotide ggmorphism (SNP) have been identified in this gene and
the most informative onés at position -1082, in the promoter region
(Tagore Aet al, 1999)

Moreover, studies from our laboratoayso confirmed that the presence of
AA genotypein the promoter regn of IL-10 gene increased the risk

developng AD and the rate of cognitive declinki@ D et al, 2003.

24
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Alpha-1 antichymotrypsingene is localized in the chromosome 14 and
codes for a phase acute protein. ACT is also present as secondary
componentn senile plaques and amyloid deposksrpy Aet al, 1991).

ACT is secreted in the brain by reactive astrocytes surrounding amyloid
plaquesHigh levels of ACT were present in cerelapinal fluid and blood
from AD patients [(icastro Fet al, 1995; MorgarK et al, 20017).

A SNP in the promoter region at the positiedl resulted strongly
associated with AD and withn acceleratedate of cognitive deterioration
(Licastro F et a).2005)

The hydroxytmethytglutaryl Coenzime A reductase (HMGCR) is a gene
coding for thelimiting step enzyme of cholesterol synthesldMGCR is

also the target of statins, a group of drugs that act decreasing the cholesterol
levels Chong PH et al.2002) and some epidemiological studies reports a
negative association betweerethtatin use and AD incidencKuodinov

AR et al, 1998. A polymorphismin the promoter regioat position-911
(tranversion C/A) is associated with AD and with a fast cognitive decline
(Porcellini Eet al, 2007).

Recently, it has been suggested thatcsldld be an angiogenesigpendent
disorder Sun Yet al. 2003. Vascular lbdothelial Growth Factor (VEGF,
molecule able to stimulate ne@mgiogenesids localized on chromosome. 6
VEGF has also a neuroprotective function stimulating the neuronavalrvi
and the growth, regeneration and differentiation of axons. Moreover, VEGF
levels were increasedn the neurocortex of AD brains. A SNP in the

promoter region at positioi2578 (substitution @) in Italian population is
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associated with an increasedkrisf developing AD, with an accelerated

cognitive decline and an increased rate of progression from MCI to AD

(Chiappelli M et al.2006).

Single SNPs are not very informative to predict the individual risk to

develop AD In fact, all these SNiRexplain alittle percentage of all cases of

Al zhei mer 6s di sease, wher eas-onsehe vast m
forms of the disease) have other, more complex genetic determinants
(CampionD et al, 1999.

More than 550 other genes have been proposed as dateslifor

Al zhei mer 6s di sease s uhasbeempdonfitmedto t vy, but
have arole in Alzheimr 6 s di sease Mattah2W@Penesi s ( Gat z
In the last decades scientists, understandhe pathogenetic mechanisms

leading to neurodegerstion and dementjdocused their study on oft@o

or few genes and on few SNP&his approachis very limiting because it

attemps to explaina complexand multifactorialdiseaseas Alzleimer with

approximate methods.

Recent genomwide association appashes have delivered several

additional AD susceptibility loci that are common in the general population.
Genomewide association (GWA) studies are best understood as an

extension of candidate gene association studies, scaled up to cover hundreds

of thousads of markers across the genome in samples uduaityseveral

thousandf cases and controls.

The GWA approach allows the detection of much smaller effect sizes than

theprevious linkagebased genomwide studies.
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However, this sensitivity makes themlnerable to false positive findings
caused by subtle differences between cases and controls that may arise as a
result of issues, such as genotyping errors, population stratification, and
sample mixups as well as the more obvious issue of multiple testing

In 2009 agreat number o6GWA studieshave been proposed find strong
association withAD (BeechamGW et al., 2009 CarrasquilloMM et al.,
2009 LambertJCetal., 2009 Harold etal., 2009

The two large GWAS from the UK (Harol@ et al., 2009) and ance
(LambertJC et al., 2009) werepublished backo-back highlighting three
novel AD genes, i.eCLU (clusterin; apolipoprotein JyR1 (complement
component (3b/4b) receptor 1), aRECALM (phosphatidylinositol binding
clathrin assembly protein)Thes loci have since received overwhelming
support from independent folloup studies CarrasquilloMM et al., 2010Q
JunG etal., 2010 and currentlyrank at the very top of the AlzGene meta
analyses, directly followindPOE In addition, there are severaher SNPs

in each of these loci showing highly significant association (p values < 1 x
10°°) with AD risk, leaving essentially no doubt that variants in these or
nearby genes represent genuine AD susceptibility loci.

It is important to notethe risk effects exerted by the new GWA loci are
small, i.e., they confer a mere0.10fold to 0.15fold increase or decrease

in AD risk in carriers versus nasarriers of the associated alleles, compared
to a nearly 4old increase in AD risk related to the pemce of théA\POE &

4 allele.
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GeneGene interaction: epistasis

In typical casecontrol association studies of complex diseases, candidate
genes are examined inddually, either evaluating one marker at a time or
forming haplotypes over multiple neighbouring loci in and around one gene.
These methods make the implicit assumption that susceptibility loci can be
identified through their independent marginal conttibn to the trait
variability (Gambaro &t al, 2000.

Critics have pointed out that findings from many genetic association studies
were inconsistent, with many failures of replicatidgoaqnidis JPA et al.
200)).

It has been suggest that this lack optei cati on can be
epi st asi sgenednteracion @Meaneelldt al. 2005.; Wade MJ
200)).

Epistasis was first described by Bateson (1909%haseffectof one gene
masking (or literallystanding upohtheeffect of another. The Batesoew

of epistasis has also been describediakgical epistasigMoore JH and
Williams SM, 2005), where variation in the physicaiteraction of
biomolecules affects a phenotype. From a statistical perspective, epistasis
was alsmbserved as multiallelisegregation patterns by Fisher (1948
mathematically described the phenomenon as devithom additivity in a
linear model of genotypes. Statisticapistasis and biological epistasis

eventually converge as scientifioderstanding progresses.
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But the study of epistasis has suffered severly from the lack of appropriate
statistical methods. Logistic regression analysis and methods based on it,
such as synergy factor analysis, are best used only for the examination of
binary interactionsVarious metbds have been proposed for the stody
higher order interactions, but several suffer from problenmstefpretation.
Therefore, methods for the formal analysis obmplex gengene
interactions and gergrotein interaction remain an opguaestion.

ForAzhei merds disease two different new
proposed in these last yesarthe use of Grade of MembershiGoM)
method and the Atrtificial Neuronal Network (ANN).

These two new statistical modelsmve the potential ofinalying the
relationshipbetweenfactorsanddisease anthe degree ointeractionof all

factorstogether anavith thedisease

Grade of Membership (GoM)

The increasing amount of clinical, genetic, and phenotypic data of
multifactorial diseases such AD, requires spedifiols ableto gather and

recompose this information. These tools are not easaylable today as the

traditional statistical reductionistic approach tends dos e e 6 things
individually, to simplify, and to look at one single element tine.

Grade of Membership analysis identifes typologies or set group in rich

datasets represented pyofiles of response frequencies for the variables

(Manton et al., 1991; Manton et &992)
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This approach has identifiesufficient genetic risk s et s f or Al zhei me

disease Corder EHet al.2008, vulnerable and robust sets of gene variants

i n mitochondri al c o mp(Cader EHet al,20060P ar Ki nsonod

and multilocus genotypes specific to breast cancer and fibroadenoma
(Corder EHet al. 2008.

Using GoM theuser specifies a number of latent grougdreme pure type

risk sets or profiles, to be identified

The GoM model likelihood can be described after first identifysoge
indices. One is the number of subjec{s=1, 2,. . ., ). Thesecond index is

the number of variabled (j=1, 2,. . . J). The third index idj: the set of
response levels for thith variable. This leads to the definitiof the basic

GoM model where the probability that tite subject has thejth level of

the Jth variable is dehed by a binary variable (i.gijl =0, 1).

The model with these definitions igrob(yijl =1.0) =g gik/kjl where the
k

gik are convexly constrained scoffes subjects and thakjl are probabilities

that, for theKth latent group, thejth level is found fothe Jth variable.

A recent paper showed the attempt to find independent risk girelpding

several genetic variaitor cogni ti ve decl i rsieg and
this fuzzy latent statisti(Licastro Fet al, 2007).

Licastro et al. identified fougroup representing the status and the genetic
backgroundSet | represents low intrinsic risk: there is a low density of pro
inflammatory gene variants at the investigated loci. Sets I, Ill, and IV

represent sufficient risk sets for AD.

30

Al z h e



Introduction

According to thismode| eachrisk set is defined byrobabilities for each
outcomeAD status, rate of cognitive declirege groupand the various
genotypegIL10, IL6, HMGCR, APOE, ACT, INFg, TNFfound for the
loci.

At the same time, individuals amelated to the groupsia membership
scores ranging frormero denoting no resemblance to the risk set to one, i.e.
theindividual matches the risk set exactly. The scores for highdatkwere
then input into logistic models to estimate ttels of AD and produce 95%
Ch.L.Toewal uate each wvariabl ed&dd6 i(nSfhoarnmmaotni,on ¢
Bell Laboratories) was estimated for eaetniable.H is close to zero if each
group has similar frequencies. Higher values denote increadorgnation
content and differences in dispkd frequenciefrom group to group. Here,
the clinical status variables h#te highest information conteritt was 1.33

for AD status/age and 1.11 for rate of cognitive decliie10 wasthe most
informative genetic variableHE 1.06), more informativethan APOE

genotype (= 0.44).

Artificial Neuronal Network (ANN)

Classical statistics predictive models like discriminanglysis, logistic
regression, etc., are able to utilizawanber of factors simultaneously higher
than a humamind. This number genalty ranges between-B85 variables.
However, 1 is not unusual to have at harmespecially when faced with
treatment planning for ahronic degenerative disorder, hundreds of

different variables, consisting of clinical history data, objectfiredings,

31



Introduction

symptomatology, multitem scales of differentmeanings, laboratory
examinationandimaging procedures.

With the increased availability and use of functiogahomics and digital
imaging we now tentatively have aur disposition thousands of data per
subje¢. More features imply more information and potentialiigher
accuracy. Unfortunately an important paradothe&t more features we have,
the more difficult informatiorextraction is.

A part from quantitative featuresnon linearity, complexity, fuzzy
interaction are new emerging qualitatifeatures of chronic degenerative
diseases which accouftr most morbidity and mortality in western world.
New statistical approaches, bdsen new mathematicaland logic
assumptions broadly belonging to artificeadative system family allowto
tame these intractable data sets.

Actually the coupling of computer science and these theoretical bases
coming from complex systemsnathematics allows the creation of
Aint el | i gable tb @dapa themsdlves dynamigaib problem of
high complexity: the Artificial Adaptive Systems, whichclude Artificial
Neural Networks( ANNg (Grossi Eand Buscema M 2007;Grossi Eand
Buscema M 2009

ANNSs are adaptive models for tlamalysis of datavhich are inspired by the
functioning processes of the human brévicCulloch WSet al, 1943).

They are systems whidre able to modify their internal structunerelation

to a function objective. They are particularly suited for sohprngplems of

the non linear type. ANNs aable toreconstruct the approximate rules that
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put a certain saif data which describes the problem being considevnath

a set of data which provides the solutidhe base elements of the ANN are
the nodes, alscalled processing elements (PE), and thenections

Each node has its own input, from whictrateives communications from
other nodes and/or frothe environment and its own output, from which it
communicates with other nodes or with the environniénally, each node
has a function f througWwhichit transforms its own global input into output.
Each connection is characterized by the strength wiliich pairs of nodes
are excited or inhibited. Positiwalues indicate excitatory connections, the
negative onembhibitory connections.

The connetions between the nodes can modify themsebwes time. This
dynamic starts a learning processthe entire ANN. The way through
whichthenodesmodi fy themselves is called ALaw
The learning process is, therefore, one of the key mechanikais
characterize the ANN, which are considered adaptive processing systems.
The learning process is one way to adapt the connections of an ANN to the
data structure that makes dpe environment and, therefore, a way to
Aunder st ando tahddts idteanalaelatoasumelhart BEeet  f
al., 1986 Personnaz let al, 1986.

I n summary, the ai m of thelaeguageoheadhy zer 0 i
individual variable, but to evaluate the mé&aguage which considers the
holistic contributionof all the recorded variables (Gro&si2010)

Artificial Adaptive Systems and in particuldteural Networks are already

emerging as newools in medical statistics ranging frorheart diseases,
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gastroenterology and neurology wispecialregard to Alzhener disease,
stroke and Amyotrophitateral SclerosigPenco St al, 2008; Rossini PM
et al, 2008; Licastro Fet al, 2010;Grossi E 2006)

In conclusion, data mining by ANNould show anon linear relationship
betweengenetic and environmentaériables and show a connectivity map
among a high number efrriables.This approach may be today very useful

to understand the complex mechanisms of multifactdissase as AD.
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Elevated Plasma Levels of oc-1-Anti-Chymotrypsin in Age-Related Cognitive
Decline and Alzheimer’s Disease: A Potential Therapeutic Target

E. Porcellini’, E.J. Davis'. M. Chiappelli’, E. Ianni’, G. Di Stefano’, P. Forti’. G. Ravaglia’ and

F. Licastro™*
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Abstract: o-1-antichymomypsin (ACT). is an acute phase protein and a protease inhibitor produced by the liver and brain.
ACT is mvolved in the pathogenesis of Alzheimer’s disease (AD), since elevated ACT concentration was found in cere-
brospinal flmid (CSF) and brain from AD. ACT has also been shown to influence amyloid deposition in vifro and m ami-

mal models of AD.

In this mvestigation 830 healthy controls, 69 subjects with cogmitive impamment and not dementia (CIND), 53 patients
with severe clinical AD and 142 patients with mild AD were investigated. Plasma levels of ACT were measured with a

Iinked 1

new ¢

P 3

assay (ELISA). ACT levels were higher in AD patients than in CIND or

controls. An age dependent increase of plasma »\CT was present in both healthy elderly and CIND. Patients with mild
climical AD were followed up for two years and stratified according to the rate of clinical derenorauou.

CT plasma levels were elevated in AD p that sh

d an ace

1. A,

d rate of c

low up; this increment bemg

during the fol-

Immnneut m AD with the Apolipoprotein E (APOE) e4 “allele. Therefore, increased

eral ACT levels m APOE 4 positive patients appear to predict an accelerated climical progression. Plasma ACT mght be
used as a surrogate marker to monitor the conversion of pre-dementia stages to AD and the progression of the disease. The
development of compounds able to mterfere with the ACT biological activity (protease mhibition and/or promotion of
amyloid deposition) might have therapeutic relevance for the disease.

Key Words: AD, cognitive decline, CIND, ACT plasma levels, APOE allele.

INTRODUCTION

The major cause of cognitive deterioration in Western
societies is Alzheimer’s disease (AD). AD is a chronic,

ary component of amyloid deposits in AD brains [3]. In af-
fected bramn regions. ACT and Apolipoprotein E (APOE)
colocalize with AP deposits and reactive astrogha over-

p these molecules [6]. It has been suggested that ACT

complex and climcally heterogeneous neur ative
disease, characterized by a progressive mmpawment of cogni-

tive functions and memory loss [1].

The major pathological hallmarks of AD are the presence
of neurofibrillary tangles and B-amyloid plaques associated
with hyperactive microghia. activated astrocytes and degen-
erating neurons [2]. Infl o1y processes are thought to
be important contributors to the pathogenesis of AD [3]. The
association of pro-inflammatory gene variants with increased
risk of AD [4] have reinforced the notion that impaired im-
mune functions mdeed play a pathogenetic role in the neu-
rodegeneration associated with the disease.

w-1-antichymotrypsin (ACT), also known as senne pro-
tease inhibitor 3 or SERPINA3, is an acute phase protein
mainly produced by the liver. that is also widely distributed
in the central nervous system. Several limes of evideace sug-
gest that ACT 1s involved in the pathogenesis of AD. In fact.
ACT is produced by astrocytes in the brain and is a second-

‘Messmn&pendmmrhuamborat&qumﬂnmnfExpenmzl
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40126 Bologna, laly; Tel: +39 051 2091‘."30 Fax 39 051 2094746
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binds A peptide and affects the rate of amyloid fibnil forma-
tion virre [7.8]. Findings from a transgenic mouse model of
AD have also shown that ACT over-expression promotes
Afipeptide deposition in the brain of these amimals [9]

Moreover, both APOE and ACT molecules affected amyloid
deposition and cognitive performances in an animal model
for AD [10]. More recently, ACT has been shown to influ-
ence TAU protein phosphorylation and apoptosis in neuronal
cells [11].

Whether peripheral levels of ACT may be of practical
use as AD biomarker or indicator of the disease clinical pro-
gression, however, remains an open question. In fact, after
the initial reports of increased blood ACT concentrations in
AD patients [12.13]. several studies measured ACT concen-
trations in blood samples drawn from subjects with AD_ with
other forms of dementias, and control subjects. Findmngs
from these studies have produced conflicting results; some
investigations reporting increased serum ACT levels [14.15].
others showing normal ACT blood levels in AD [16.17].
Several reasons such as, different techniques for ACT detec-
tion, different criteria for the selection of controls and AD
tz and small bers of cases and controls included in

£ 2008 Bentham Science Publizhers Ltd.
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