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| ntroducti on

Dementi a

Dementias are a group of acquired brain d
communication and | anguage, focus and atte
perceépt zbodsi meircRRsehas been the most commor
accomdgtoarpproxi ni80&l yof 680c Nees opat hol ogi cal |
characterized by the Dbuildup of parenchym
amyl oid peptide (A) protehhay peemrdp hiosphamegl a
mi crofaslsolcé at et pAddietiinonaalu y, vascular co
common, accounting for at | eastoclcu% rafngden
wi AR I't is a neurofogiacdl omascihéatadi seas:
result of | imited DbAlotohdo ufglhow atsoc utl me ITroayinn t
not a significant cause of dement ifa, It a
Dementia with Lewy bodi esAliphynhuacrl aecitne r(iSzNeCdA
protein throughout the brain, accounts fo
t we-ht ye cases of dementia, and can share mc
ParkBdnsilosease, particularly inFthrt étae mpor :
demeQETIBY a cl i niiceaelalsye dehfaitned dharacteri z
of numerous separate pathological entities
degenérafThene has beesmt weeme fowvetloae mpbor a
degeneration and amyotrophic | ater al scl er
accumul ati on and assocy atBeodt hp aatrheo | a g ¢ o nonmo
compariBonFrtoontAdot empor al | obar deyeper ati or
100,000 while amyotrophic | ateral scl erosi
100, 00hese demenmttliyasn catr ed eftlr dectdieedboansmeudn o t vy

autopsy samples of elderly adults (as oppo
contrast, hi stologically defined diseases

agreel ated tauopatlyy 1&%f eedt aapyprliocaxigneateellder |

may have a silgnHbwewat, i mpacprecise relat.i
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thes¢ei Fateal terations in neuroanatomy and

unknowni nBd anage, aded ¢ aauppegpat hy i s rarely a
cognitive deterioration. Thus, while it is
of dementia in and of itself. Aparhitirom ¢t
a range of onset ages. Frontotemporal | obar
the ages of 50 and 70 years, although wvasc
more prevalent i nheA | direir dtyleata giet s8 0i nyceiad es

withbagethen plateaus or event@werldlnle,s AD

and FTD are the two main causes of dement i .

De me arteilaat ed genes

Numeraotuse mpts have been made to unravel t h
varying degrees of success. Pedigree studi
AD,FTD and amyotrophic | ateral sclerosis, wl

(e. gr esieamid APDPCAar fA72 i n amyotropFhTipe. | at er &
However, aut osomal domi nance accounts for
(about FTWe most frequently observed rel at.i
is that of thAeD AROEHOBabghetlt ki andink is robus
than-230%o0f all demenl5 %A®fasstess Saboaust| 39Dt%u d
attempted to deter-gnemetitder i eftlaics @amals gnimme
effort brought together multiple sources o
i mmense resource pool fMDhrasgdbrenas sim8kieat it @n
and NOS3 WamRiegtrieansbly, coonel afi eame mgewneal
| arger effect on risk than previously knowr
of influence associated with the APOE genoc
ot her types of,gdeaewmedtie -ameatbap vaever reveal ed s
connections between specific?@ ®Pypemseroef adreeme
numerous potenti al genes for neur ol ogi cal

mi crofaslbowlce at eduMAPoTt)ei mene have also been



vascul ar cognrii’ti Viee i gnprae trimesntof Lewy body
somewhat more di Bt hantt hosen bhogsasobt|l Ar c o
There have been associations with wvariatio
wel | as -tiheh lreageate ki nase 2 (L RRXv,engetnhee n
mo s t prevalent genet b-AP OmEMaiya rbte d sascdkd ingt eidn
cultures. Additionally, even i f they share
d scordabt Mamry Atudies demonstrated that €
significant impacDh*®*® 0 nThbaseepsbgdiesesDANr e$s Ac
is the product of intricate interactions be
gene association studies are valwuable for
pat hways that may be perturbed benetthiec envi
results that are sufficiently simivilsar to 1
autosomal Ddomsmamtt Aat i nsights gained fro
inform effective treatment or prefnaanti on
physical process | eads t o gem@ant i annde nstor

interactions.

The accumulating evidenceé® i nBEpicgeéerst ieps geeal
modi fications to the protein components o
str@andidechains that do not &Intcerr. tthe alrsd
compr i sceosdi mgmeRINAt ed regul ati on of genes.
| ohgegrm alterations in the amounts of speci
in Lewy body demelt ifar, o natnodt eM®pPT ailn [Aobar d
oo her dementias require an explanation in t
modi fications on gene expression have been

I n dementia cognition i %% mpaired and memo

Me moawgwdi &g

The structure and cognitive capacities of



ongoing dynamic change throughout the |ife:

rel apleystol ogical deterioration and is a no
proc¢édsas includes cytogenetic,THd eprtoydees, s a
of aging is refl ectiedr aatti otnh ei @b efghi enant rnga noitf &
mai ntain homeostatic balance in the body,

bi ochemical capaci tlyy swsceptsieril laihteyd | tdad s & g @
that affect many systteens d nrcd uulitn,g a dien qn ei
key risk factor for the develwopmertl def | yne
per sxrhs adeic i gneenoanogni ti ve perf8B8irmanse as
worth mentt hwddeivred ofpima ¢t of md rhaargyee |l ased i s
memory | oss has @logoaboe mmyd hmsempbedr gsagi ng
Mul ti deecevehows in both humans and rats,
mol ecul ar altera¥ P Hawever ,brrmotn dweircyt i elnder
me mory |l oss | e &d ¢ hdungehd enmemtaina s mst har e di f
pat hol ogi cal .f eTatbids,e6i avuktstmidastingui sh t
cognitive dysfunateimomrcylaideee heal t hy agi ng

The majexisyimd research evi gdercde ooamesant
|l ongi tudinal approaches to studying the int
there is no obvious neuron | oss during ¢t he
neurons, déandraintdi delnenmgtic sp*heEdedsntyg d
from-mposgtem studies supports a positive coc
hi ppocampal cells | ost an®d hgteirasthegbyai:

al so targets hi ppocampal damager edtat ¢ h e b

=y
©

p o edaenppeanid e n t memory is highly amaked to
healthy ¥l der adults
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Age Age
Fi gAdeettlead cogni t(aYe ossdaatnigersa l data represe
are visible in all domai (bsL oenxgcietputd ivnearlb adla taar

the same study show a signifi cabnt Fdegculriene
adapted fro*n Hedden et al

Thera hoei gkl mdrlging in the HOaen athet he
| ast d ewcnaedrecsy, s studi est hhaak e pndgrcas edon
neur odegemrdrgatliyonl i mio¢ & cathoaarmrg ke s i n t he f ol
me c harnilgdimsoc hondr i a(l2Adeyrsrfaumtc tn ewnr; a;(3) net wor k
Dysfuaktiooxnygen ; feina b alcies imul ar oxx@datively
Infl amm@tRe pai r of dé&yMNeged nBACR2I dysregul a
and ®Agiong has an impact on the brain's abi
constant production of reactivedoeXggea sp-
funchktmoomontrast ,i sRPQG3 liyn preuwdrucresd by mitocho
acti Oktdasive stress and mitochondfi al dysf
Mi thoocndri a are present in the dendrites and
in cellular energy consumpt *oFnurdrmoer @ak e, h
mi tochondrial membrane permeability transi:t
deat h, which is c¢commonrloyd eogbesneerrvatd hieem edai sreaans
is evidence that both altered mitochondri a
brain of anrieMadtsedagr ef oageexampl e, enl argem
mitochondria can sighBtudapral ghdaswor ttdmt | i
hi ppocampal newr chmsv ei n ncged smid susceptibil

| eads to abnormally high intracytopl asmic
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Cat2homeostasis significantly i mpribves C O
S mul t a,diesotussriyances i n the neur al net wor k ¢
and an inflammatory response in the el derl.
and the dgesemgat iforaaeitn fannonumattso royf cpyrtoo ki ne s,
oxi dative damaghee ttnoe umeu mdnsa mmat ory proces
astrocy t®Asd admasgeer i, he dhend b omaredkosl ecul ar chang

accelerate the aging process and raise the

Learningmang M
Learning is a process of consoideustandungs
behaviorsHumad ké&at hisng begins at birth an

result of the conbBumansianeéralheaenvibgdwmen

be translated into memory, sodtmemaondentl gi
a hot topic of research in many Meineolrdys, i nc
i's an i mportant function of the brain. It

i mpressions of past actlitviihe etslpd bgBstahgsy s
ability tontdstorie prhieonwhdwd sth ¢ Hindeenong hi fbireasi,n
memori zes, mai nt ai ns, andl rept csducseesr vels ata
foundation for higher organiisomss tld kendgahg en k
and i mayTimeatbhaosni ¢ process of metmmeuy rckenvtel op
understanding of memory formation mechani st
retentioW.Thangroeeak!| al so chaMgmser yyinamt ta

basic function of .pelotplienfsl U emaeanss elguwneasnd aiwod e

bridge between people and society. Our | if
Hi ppocampus in |l earning and memory

Studies in primates and rodents have verif]|
brai n acoui rfiomrg and consolidating memory, a

and melMdrey hi ppocampus is |l ocanddtheneathkbt



cordredmai aobypmposed of t heardde ntteda enagfy@A)s ( DG)
whitchhe ¢ anftiees hbdi vi ded 1 @AL ABtThorgeeet hreerg it chness ¢
strumbkees he anatomical ssmiperohidhethieppo
The mature hippocawmpalouspghal whscla mea&ns

provided by the DG travels via nmulotciaptlieo nGA
before being receiveéld nbyadtdihe i ent ordhifrd&lr e
hi ppocampus also have different functions.
and memory, and the ventral area connects t
st rieMsosr eptiverhi ppocampus is closely associat
first areas of the brain tockarféaexrycaogedrt:

progressive | adey enfdemitp preedrbompyu Ecsa praocti toyn | y r

i n normal recognition memory and spatial m
formation of new memories. It i's well doc
irreplaceable and i mpo¥tant role in learni

cal

Dentate Gyrus

CA3

Fig.2 Hippocampgalrestadapuee.rom Craig.

Mol ecul ar mechani sms of | earning and memor:
Neurophys,iottogiematd | y or ms of memory are re
di ffereartgiomai,n synaptic plasticity, iand n
reasonable to assume that memory %Xtbrage |

7



is widely aathavelrendgmedmdling ori marily gover
t empalrtadirtshi n sy mamgsrers ,mebmkitrsy i nfl uenced by ¢
in gene expressianm,r nwhcied H U &F Micthaasnmgaelsb n qi t
capacity, demanding the use of <cellular pr
requestt.he STMeprmodessu,l ar alterations that
neurons are due to thelyxmaediifnigegrmy edinfsf dre
Rel atively, LTM requir etsd migirteh epxrtoetrfésii nv es ynmotd
St udioammhdeur ons wer e tr eat-ferde gwienhc ya entoedcetrraitc
their responhceastyhmembicsheachgeg napti c transmiss
whitbei ¢ sti mshatoiomalcalbgperexcitation incr
potentiwhi ¢CEP®P) I remain el evdteedn dweamg t i m
term potentdatmsocongiLZe®y as tihe hmeamonr yme c h a |
proceasspPesletqui res the involvement of two
rece,pimet dyplspart aste( N¥MD AR ma-Biby d r-Snxeyt h y |

4i soxazol epropison{ AMRhce da crteidvddidtAloerma d s f t o
cal ci unn i mifp poacnadmpwlisil Ilce ufnd tuxomasa sti mul ate
|l omhgrm plasticity of synapses and Ilthrigger
turn, this processnwymht far clascadaej t wai € h
responsible for synaptic transmission thro
increase of® Itmaadditiens once the concent.
exceeds a ceirt awnl It hademeradieentCaaMieny | at e
produce cAMP and acti vatree dhen dirmerseira pdan tot
pr o{CeRE)B hr ough t he PKAY GRPK @arn hwaiynt ai n LT
ti me and c otnesronh indeanboer ? hotnegp mat ybat ed CREB ac
t rsacnr i ption-refapéadasgenoesy by binding to the

triggering the ge®tration of new synapses

Chromatin plasticity

Il n mol ecul an Btprided édil ®sétohigayest r uct ure of <chroc



nucl eus of .dlhu&k agpiogdarmretcied Ipsrocess is center
in addition to the tmea hmdjadri-omd iamgls fedg o f
DNA with a |l ength of 147 base pairs i s WwWrar
the nucl eosome, the f.Aneéarme mtcalamemnri ti sofc oantp
t wo sets of four hi stone di mer TPhigsings,
rel ati endgdhuiep to the fact t hcaatmi pdsinteigwaali w et
charged DNA

Hi st ones ar e stursacrespltatbiloen astwcrmpeashiy €t ati ons
acetylthitgoinphlosaphon yelassteidoon di fferent amin
i n tther NN nlad ttwri these modifications can
carried by histones and ther &bTlyhiwe akkiemd t cfe
interaction bEBNAeean tdec thr.AcGro atelr e spurl d mo tt énre
chromatin transitions from a relaxed to a
easier for transcription factors One® reach
cd assic example is acetylation, which ofter
as an activator of TDlemekeyutongnat naasorng
homeootmalsri smast ithhr ough cooperation between
hi set oacetyltransferase (HAT) and the inhibi
deacetyl aB8ot 6 HBIAC) and HDAC are highly spe
enzyme &ananthieiresacetyl ation or deacetyl atior

removsape wiffic amino acid P&sidues from the

Hi st one mboaéaivfei @aat iionnpsa c tT hoen hgiesnteo nsep | ri eca dnegr.
regnize existing histone modification tags
eraser can in turn remove it ”Forcegamel a, d
the methylMTaAadder ane¢ hKXl ati on to histone
activate t hHDAgCG ncean iinnatcutrinvate gene expr ess

gr dupi f ferent sti mul.i |l ead to histone modi f



for memor yl nf oframatt,i omany studies to date ha
modi fications in the brain particularly in
l earning Raddmémaryconditioningeekgencement
of i ncreased | evels of histone methyl ati on
foll owing stimulation. Mor eover, the rever
regul ation of HiAsbohermsdppiocai ngnstudy sh
with chromatin mifeirfmadant@®ldmpd eaqgfufl @adtioon of h

acetylation | evels with HDAC inhibitors e
form®tdinomddi ti on to acetyl ation, hi stone m
to memory and plays an i mportant. rol e, whi

(8 histone molecules +
N 147 nucleotide pairs of DNA)

Fi 0NuxX | eosomeFisgumue t admmigedt alom

Hi stone Methyl ati on

Hi st one methylation is the pr ocaecsisdsoft htartan
form nucleosomes, which can regul ate gene
expressed bylhdisf fpearoecrets sc eclalns bbé ht eahsackept
of geepsnding on the |l ocation kifstdhoree mendy
t hreu mboefr att ached?® ®eé mhtydaa egtryoluaptsi on, met hyl ¢
happemt l ysine resi duaersd iins trheguliagtedneby
met hyl transferase (HMT) and histone demeth

actiAitgature that di stingui sshetshatt hfirsotnon

10



acetylation tends to add only one residu:¢
monomet hyl ated, dimethylated and t% i methyl
It is worth noting that regardless of the

applied bBpnegtrEessprivegr esThiuvse menrmegird.ati on i

complicated process that i's linked to botl
heterochromatin, whi®h is |linked to gene s|
Further mor e, hi stone met hyl ati on IS i nvo
trimethyl ation of histone H3 at |lysine 4 (
However, di methyl ation of hi stone H3 at I

trans&rifddtiiomati on of fruirpthieon icdehp ebndtsi oonn otf
of met hyl groups to histones by histone n
demonstrated that histone methylation is cl
di séasdadhis epigenetic mechanism modifies
nucl eosomes, i nfluencing their i nteractio

transcription process for genes.

H3 K#Met hyliategaornni ng and memory

As previously stated, hi stone methyl ati on
without affecting the underlying genetic s
hi stone tail is an essenti al part @®f the f
hi stone charge characteristics, the methyl:

Speci fically, H3K4 methyl ation is frequent|

transcribed genes to facilitateommamlsyri pt
identified as a hall Marks offort rtames cmeé ph a mins
H3K4 met hyl ation might work, there are two
of H3K4 methylation wil/ gradually change
other is that methylation will insgemdere wi

an impact on the process®% hat mediates dow

11



Il n addition, H3K4 met hyl at i-odnr warsi ngert ehdyd dat
H3K4 (H3K4mel, H3K4me2 and H3K4me3, respec
H3K4 to form disti fctl rmiwitew doyc airfif emgelti rivaetiriasd
the function of H3K4 methylation is also d
many studies to identi-fyp@ecipfriedigeéenendamr
based on their binding chromhy] nHBEHdmé 2 ainsdl
uni formly distributed in the coding area al
of the active genes, as well as playing an
is mostly due to the factl owahgHB&d4dmelr aeme
H3K4me3 is abundant near the transcription

is tightly connected to active -mpRNMOters

splicing after ¥ ceiving the stimulus

Evidence revealed mutations in multiple get
have been | inked to leeammpiamng memeémomy mamg @ao
Meanwhil e, itds implicated in the regul atic

when ani mal s t hat had received foot shock:

H3K4me3 | evels i-megironbBicmp o wdumpws GCGAIlb regi

considerably higher than 1in control rat s.
met hyl transferase decreased the | evel of H
memory, suggesting a causal erneoPtayt Cloinsihé ol b

findings showed that H3K4 met hy-mattem patt
brain tissue and -dd edathas malns d rian chi cCehtlePd H:

found in approximately B0A00OOPEGAKkStEaCcianNs

neurol ogical system is very weakly known, &
caused bgt HBIKadt imon are related to Iits assof
an i mportant direction for future research

12



H3K4me2 H3K4me3

TSS

ENHANCER ACTIVE GENE )—

ChIP: d d i
? -seq read density ‘ H3K4me3

* ChlP-seq read density

H3K4me2

f ChlP-seq read density

Fig.4 H3K4 f(@éHt ksytloantei oconc.t a me r,d i ocemeent mhyd amaemo
bH3K4mel, H3K4me2, and H3K4me3t hkiegeme che f f
adapted from Br¥.dget E. Collins et al

Hi stdgnamomto! Imertshy | t r eaamalfeenred h1rggd ases
H3K4 methylation is not a static process a
reverse regulation of a series of enzymat

( KMoNr i Gaemrds t he | ysi ne Gdreanseettheyd sa soef (eKiDiMer u

enzyme activity wild/ resul t i n altered 1|e
gend&mdéowever, t he contipmpruo des sefs tamad dyhrean
mechani sms involved i n metdtyulndadtliecanr by i ndi

Initially, the first H3K4 methyltransferas:i
COMPASS (Complex of Proteins @stsocbat edi svi
enzymatically active component of the COMP.

that can regyl-gtiend#3 KA. memhoryeleatIeotnl homol og

presented in Drosophil a, termed damdtd8eatd
proteins. Hi gher mammal s such as chaimt€mans c e
met hyl ate H3K4. In |ine with it KMT2A and
homol ogs, KMT2C and KMT2D are a pair of C

KMTSet 2ZEMTa2n/d i n mammal s are homologs to dS

13



the SET1 structural domain is t%%ically co

Structurally, all/l H3 K4 -tneertnhi ynlaa s ecsa taarl ey tci ocmpS
for hi st one Hme tdhoynhaaitni otnhata pParti ci pates 1in
proteins, and an HMG regi on used for DN

ONRAR ompdmnade up of four shar e3d0,c oAngpH2nLe n tasn d(

RBP5

respectively) similmaytoonthri COMPASSES

the ewmzgmmeinity toward¥® cEotaeramphemi MENE

as a
Si mi |l
met hy
wi t h
corre

cause

Many
modi f
i mpr e
( KDM1
unr es
nucl e
KDM1
Il nter

KDM1

tumor suppressor protein also is a peé
arl vy, WDRS8 2 i s a key c Oinpohleente of
| transferases in humans have been dem
t hese di ver se assembl i es, I mplying
sponding functional di fferences. Furt

s a | arge drop in H3K4 methyl ati on.

people believe that hd en rodeemrimgeetnheytliact i
i cati on t hat can onl vy be rever sed b
ssion | asted wuntil -sp0kl4d fweermdemee hyl a
A) rébpeaol | owing this fundament al fin
tricted H3K4remethiyttaedomet hykat oomryr c
ar resentment. There are maiumlaywst wo f
and KDM5, with six member sKkbM5M2.l y KDM
estingly, because of substrate variat:i
family is only able to delete methyl
e tmzay KOM5 which also rethdnhe wKOMAOYI f
y of enzymes was Ssubsequently charac
ne dinucleotide (FAD) and amine oxi da:
dependence requires od pgadaier dcofai emlee ®ti rde

ze the single bond of the met hyl grou

14



removed because KDM1 family membcehrasi nl ack
nitrogen. Il n contrast, KDMS5 -tfearrmil nya | e nczayt nael sy
otlketoglutarate. The JmjC strearboal dooméier

bond and it thus can!®% move trimethylating

a Set1 (S. cerevisiae) d
| ENZYME | ALTERNATIVE NAME(S)

[ I | KMT2A | MLL1, MLL, ALL1

Trithorax (Trx) Trithorax-related (Trr) dSet1 (D. melanogaster)
| | KMT2B MLL2, MLL4, WBP7
| [ | | | kmT2C | MLL3
KMT2A KMT2B KMT2C KMT2D KMT2E KMT2F (H. sapiens)
KMT2D MLL4, MLL2, ALR
b KMT2E hSET1A
methylation methylation methylation
KMT2 family KMT2 family KMT2 family KMT2F hSET1B
7 S Me 7 A Me 7 T~a Me KDM1A | LSD1, BHC110
M
@ Me‘ M‘:’ KDM1B | LSD2, AOF1
'\_/ ‘\__/ k.._../ KDMS5A JARID1A, RBP2
demethylation demethylation demethylation KDM5B | JARID1B, PLU-1
KDM1 family KDM1 family KDMS5 family
KDMS5 family KDMS family KDM5C | JARID1C, SMCX

KDM5D | JARID1D, SMCY

KMT2A, KMT28 KMT2C, KMT2D KMT2E, KMT2F
KMT2A/B KMT2C/D KMT2E/F
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Genetics of AD

AD is a multifactoriaakoding e8asge fodwitthle g ennce tdi
and external environmental ##acGenetiac cfoantt
include genes associated WBiIroladfgagmislpiealki AD,
genes cl osel y aadngsbeatmat ed!l wADhare amyl oi d p
APR anmdks gmns EN), while the genecdrmmdn i s cl
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variants of these genes, i mplying that the
are equally crucial®™flor maintaining brain |
Gene Protein Chromosome Mutations Molecular phenotype
APP Amyloid B (A4) 21921 24 (duplication) Increased AB,,/AByp ratio

protein precursor Increased AR production

Increased AP aggregation

PSENI Presenilin 1 14q24 185 Increased AB4/AByp ratio
PSEN2 Presenilin 2 1q31 14 Increased APy, /AB4o ratio
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thophysiology of AD

ientistat spereilfgvelhaaf mol ecul ar mar ker s
th abnor mal protein ag@relgaquen( AExtdapge
[ as mi sf ol ded intracellul ar neur ogeni
uroinfl ammadduloar, digs eayse,yvaet cd,r adme ¢ ommo
rther moése netrtvee lktredils (neurons) and synap
ain traits =aaome refgatdedmost bprominent c
anwhil e, changes i n mi croglia and astroao
ogression of AD. Mi croscopic pat hol ogi c
croscopic atrophy ofantdh e elitiopdaecaxmpds nga my
e progress of its pathological devel opme

scribed and di vibdied hientBa adiikf fsd ragret. dervd ddes

rtical and hi ppocampal l esi ons wil |l app
position of tangles wusual |l yl Is)t atrhitesn isnp rt ena
cerebr al cor-t ¥x aardeaws!| t(iatagaged yl Irleaches
VAL

19



FigPat hophysiology offiAluzteeiaderpd ® tdtfiad ewarns R.i s

Epigenetics factors in AD

For the past few years, epigenetics has be
Ssystemadgdes and cancer. Mor eover, t he f un«
confirmed in numerous fields of biology, r
the expression of genotypes. DNA methyl atic
and -cnoodni ng eRNA ati on are all epigenetic fact

are examining the possible signifi®ance of

DNA met hNA tmeotnhiy |l ati on al t er gnedytyd sigme urpes
to areas rigaulmninecysashnes CpG islands.

( DNMT) , including DNMTI1, DNMT 2, DNMT 3 a, an
This section explores the notion that AD i
fewesi fic genes and the possible significa
For exampl e, it was discovered that some ¢
gene, notably those between 207 and appr ox
that rt demet hyl ati on with age may resul't [
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