Patofyziologie nervového systému lll:
Neurodegenerativhi onemocnéni a demence

Komplexni mozkové funkce: asociacni kortex
Kognice a kognitivni funkce

Starnuti mozku — mirna kognitivni porucha
Demence — definice a projevy

Neurodegenerace jako proteinopatie — mechanismy

Alzheimerova choroba jako nejbéznéjsi typ demence
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Mozek ve fylogenezi




Vrstvy neokortexu —anatomie a histologie
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Vrstvy neokortexu — funkce
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Komplexni mozkové funkce: asociacni kortex

* pouze cca 25% mozkové kary je dedikovano primarnim (a
sekundarnim) senzorickym a motorickym oblastem

* vetsina lidskeho mozkového kortexu (tj. cca 75% veskereé plochy
hemisfér) reprezentuje tzv. multi-modalni kortex asociujici signaly
pochazejici z jinych (obvykle vicero) oblasti kury (a thalamu)

vvvvvv

* tyto oblasti se nazyvaji asociacni protéz

oblasti

* nicméné i asociacni oblasti kiry maji své specializace

* (1) parieto-occipito-temporalni asociacni oblast
* (2) prefrontalni asociacni oblast
* (3) limbicka asociacni oblast

A : _ ,Rrulmaji a analyzuji signaly simultanné z
mnoha oblasti motorického a senzorického kortexu a soucasné podkorovych

Primary somatic

Supplemental, Primary motor "
ard premotor\\ ' / ;econdary somatic

Secondary
visual
Parieto-
Prefrontal occipito- /
Association temporal
Area Association
Area
LimbicL
Association \ Rrimary
Ao visual

Primary Secondary
auditory auditory
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Komplexni mozkové funkce: asociacni kortex

. 7 “ . 7 o 7 7 e ‘-_\ ’ ﬂ\."-,z"‘l
* dost informaci o funkci jednotl. oblasti kary bYIO ziskano K > 2P
pozorovanim pacientu s definovanymi kortikalnimi [ézemi N |\ 2
* nové samozfejmeé i diky zobrazovacim metodam vc. PET (positron T AL NS
emission tomography), MRI (magnetic resonance imaging), EEG ‘
(electroencephalography), TMS (transcranial magnetic stimulation), My
TES (transcranial electrical stimulation), MEG ; e | =
(magnetoencephalography) and NIRS (near infrared spectroscopy) | “-ﬁx
e |éze
 parietalni asociacni kortex fidi pozornost a percepcni uvédomovani si
* pacienti s témito |ézemi jsou neschopni registrovat resp. ignoruji pfedméty v
prisl. Casti prosotru i pfes to, Ze vizualni somatosensorické a motorické
systémy jsou intaktni el
* kontralateralni neglect syndrom Somato- Spatial
, , . v 7 . v ’ . . o .o . sensory coordinates
* temporalni asociacni kortex je zodpovédny za rekognici a identifikaci B e bompicy of body and
stimultd movements and surroundings
elaboration of
* narozdil od ,neglect syndrom®, pacienti s poskozenim temporalniho kortexu thoughts e Visual
jsou si védomi objektl na kontralateralni strané |éze, ale maji problém je Someaiion Language processing
rozlisit/identifikovat a pojmenovat ~ comprehension L
T f . Auditory  intelligence
* poruchy se kolektivné nazyvaji agnozie Broca's | - s 0
« poskozeni urité oblasti inferiorniho temporalniho kortexu vede k A ey e Vigon
neschopnosti rozpoznat tvare - prosopagnosie motivation ob,-egs
* frontalni asociacni kortex je zodpovédny za planovani a rozhodovani " i
a integruje informace ze senzorického a motorickeho kortexu ale téz z — :
parietalni a temporalni asocia¢ni kliry Assoclation =
v 7 7 ’ ’ 7 V' ” rea
* tato ¢ast frontalniho laloku se nazyva pre-frontalni kortex
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Lidsky prefrontalni kortex

* cast mozku, kterou se nejvic odlisSujeme
od zbytku zivocisné rise ale i
humanoidnich primatu

* prefrontalni kortex hraje kritickou roli v
procesu kognice a kognitivni kontroly a
urcuje to, co nazyvame “personalitou”

* funkce realizovar)é p,refronté_lnl'm
kortexem se nazyvaji exekutivni funkce

» schopnost diferencovat mezi konfliktnimi
myslenkami (stimuly;, rozliSeni dobrého
(lepSiho a nejlepsiho) a zlého (horsiho a
nejhorél'hoo? v kontextu poznani, budoucich
dopadu a dusledkt mého jednani,
ocekavani vzhledem k jednani a socialni
“kontrola” (v SirSim slova smyslu nez jen
primerenost v daném kontextu vc. exprese
osobnosti)

* kognitivni psychologie ale i patologie

Rhesus
Monkey

Chimpanzee

Cat

Squirrel
Monkey
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Lidska , kognice” (lat. cognoscere "poznavat, zkoumat")

* laicka definice: proces védéni ogtal (;‘”‘""

» sofistikovanéjsi definice: mentalni/nervova aktivita mozku ™" = ‘2= Y S
zahrnujici procea ziskavani znalosti, védomi, pochopeni a X/ mna 35
korespondujici behaviouralni odpovedn mtegrau \ Video + images
zkuSenosti, percepce a interni motivace 5{{2\ c%

Agents % @

* zahrnuje mnoho aspektu intelektovych funkci a procest %

Ja kO (& @ Body Spatial
Maps arrangements

* snimavost/pozornost

* akumulace znalosti a divednosti a tvorba pracovni paméti
* rozhodovani a hodnoceni

* tesSeni problému

* pochopeni a produkce reci

* kognitivni procesy vyuzivaji existujicich znalosti k odhaleni ) Major
a tvorbeé novych domains

* lidska inteligence je mentalni kvalita spocivajici ve schopnosti
ucit se ze zkusenosti, adaptovat se na nove situace, pochopit of
abstraktni koncepty a vyuzivat znalosti k mampulau prostredi waa . \COENItion

* 1Q jako dostatény parametr inteligence? cognition

* kognice je porucsena celou radou stavli a nemoci

Intelligence
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Sest neurokognitivnich domén podle 5the of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5)

Perceptual-motor function Language
Visual perception Object naming

Visuoconstructional Word finding
reasoning Fluency

Perceptual-motor Grammar and syntax
coordination Receptive language

Executive function
Planning
Decision-making
Working memory
Responding to feedback
Inhibition
Flexibility

Neurocognitive
domains

Learning and memory
Free recall
Cued recall
Recognition memory

long-term memory
Implicit learning

Semantic and autobiographical

Complex attention
Sustained attention
Divided attention
Selective attention
Processing speed

Social cognition
Recognition of emotions
Theory of mind
Insight
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Kognitivni funkce =P TR

/ Sensation \
Attention (d ) ‘ Spatial
* kognitivni funkce jsou inherentni soucasti funkce CNS zodpovédne Judgement - awareness
za rozpoznani aJJoch,op,enl komplexu signalu z vnéjsiho i vnitfniho Decision Making k -
prostredi a za adekvatni reakci na né proble Ealinc .\ -neuaee _ ' Visual
1 Emoti IRW' po ‘ - Se}_ ntic perception
° kategone motional Response Audltor;" Q _ -y
St Metacognition b ;
Topamet sl Balance
* deklarativni — mdze byt vyjadfena slovy (v Uzkém vztahu k hippocampu) Cousitissiion

. s . vl -
* sémantickd — co jsme se naucili

* postizena FTD
* episodicka — co jsme zaZili (definuje nasi identitu)
* postizena AD, WKD

* ne-deklarativni — obtiZné popsatelna (v uzkém vztahu k hippocampu,
bazalnim gangliim, cerebellu a neokortexu)

* emocni pamét, podminéné reflexy, ,proceduralni” pamét (v¢. motorickych

\ 4

program)
+  postizena PD analytical creative
* pozornost, koncentrace logical imaginative
» exekutivni funkce (pldnovani, rozhodovani, feseni problému) vé. emoci a precise general
sebekontroly ” ) a0
v v . . . ., ., repetitive intuitive
* fec resp. jazyk a komunikace — realizace (motoricka, expresivni) a A
pochopeni (percepcni slozka) organized conceptual
» afdzie expresivni (Broccova oblast) a percepéni (Wernickeova) details big picture
e prostorova a Casova orientace scientifia heuriaiic
* poruchy kognitivnich funkci z hlediska rychlosti vzniku a zavaznosti detached empathetic
* komplexni, zavazné, ireverzibilni — demence literal figurative
* pozvolné, mirné — starnuti, mirna kognitivni porucha , .
sequential irreqular

* zavainé docasné — delirium
* izolované amnestické syndromy — napf. mrtvice nebo trauma
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Starnuti mozku — mild cognitive impairment (MCl)

lidsky mozek se zmensuje s rostoucim vékem, ale nehomogenné
* mozkové komory expanduji jako funkce véku

zmény doprovazejici starnuti mozku
e ztrata neurdlnich okruh( a mozkové plasticity
* neale disledkem ztraty neurond, ale v disledku poruchy synapsi
*  ztrata bilé hmoty
*  pokles poctu oligodendroglie a mnoZstvi myelinu a obecné redukce dendritl
* depozice bilkovinného materidlu
*  beta-amyloid, Lewy téliska v mensim mnozstvi
* vaskularni—malé “mrtvicky”
* zmény mozkového metabolismu (glukdza)
* neuro-zanét (aktivace mikroglie)
*  oxidativni stress

MCI urcitého stupné je typicka pro stari:
* zapomnétlivost v¢. socialnich kontaktl (schiizky, akce)
*  ztrata myslenky pfi konverzaci, cetbé nebo filmu

. rOStOliI(CI pocit neschopnost se rozhodovat, planovat kroky k dosaZzeni cile nebo nasledovat
instrukce

e problémy s orientaci ve znamém prostoru/prostredi
* osoby jsou impulzivnéjsi nebo maji horsi usudek
* eventudlné doprovazeno
* depresi
e iritabilitou a agresivitou
* anxietou
*  apatii
objevuji se preventivni strategie cilené na demenci
*  kognitivni trénink!
e aerobni cviéeni
e dieta?

Microglia CA—
Decresed
Incresed
Gene activity Sen: :cgi\:‘ny
upon ageing pon ageing

o

Data-driven
cell signature

=,
Region specificity

Age specificity

A(\

45-74 years 74-106 years

16-44 years
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Demence

Definice, projevy, formy a mechanismy

Alzheimerova nemoc/demence

=5
me
o=



Demence

* obecny termin pro onemocneéni a procesy,
které vedou k postupné a ireverzibilni poruse
kognitivnich funkci, zejm. schopnosti
analytického mysleni a paméti a Fostupné ke
stale zavaznejsi ztrate sebekontroly a
schopnosti nezavislé existence a bezného
kazdodenniho fungovani

* demence neni projevem ,bézného starnuti” (pfi
tom nedochazi ke ztraté neuront)

» védomi neni typicky postizeno

e symptomy

 CAVE! mohou byt rizné u rGznych typd demenci a
stupni zavaznosti

e porucha pameéti

. Broblém s planovanim, organizaci a provadenim
eznych familiarnich ukolu

e porusena zrakové-prostorova orientace

* Spatny usudek, neschopnost Cinit rozhodnuti

* zmatenost a agitace

e zmeény osobnosti a nalady

* pozdéji problémy s chuzi, polykanim, apatie, Casté
pady, dezintegrace osobnosti

Parietal Lobe

Frontal Lobe language and touch

thinking, memory,
behavior and movement

Occipital Lobe
vision

Temporal Lobe
hearing, learning
and feelings

Cerebellum
balance and coordination

Brain Stem
breathing, heart rate
and temperature
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Demence

e Casovy pribéh:

e poruchy kognitivnich funkci

e porucha chovani a emoci

* neschopnost beznych dennich
ukonu (priprava jidla, oblékani,
osobni hygiena, spanek)

* terminalné/v dobé umrti — némy
resp. neschopen komunikace,
inkontinentni, upoutan na ltzko,

obtizné krmeni resp. asistence,
riziko aspirace a nasl. pneumonie

* prevalence
e cca 3% lidi ve véku 65-74

e ccal1l9% ve véeku 75 -84
* témeér polovina ve véku > 85 let

e diagnodza postavena na
anamnéze a testu kognitivnich
funkci pfip.. s vyuzitim
zobrazovacich metod

* ,mini-mental state examination’
je nejbezne;jsi screeningovy test

(

Screening Tool: The Mini-Mental
State Examination (MMSE)

150

—_
[
o

100

50

Millions of people with dementia
-]
w

Patient

Examiner Date __

25
0

Maximum

Score

Orientation
* What is the (year) (season) (date) (day) (month)?
* Where are we (state) (country) (town) (hospital) (floor)?

Registration

* Name 3 objects: 1 second to say each. Then ask the patient all 3
after you have said them. Give 1 point for each correct answer.
Then repeat until he/she learns all 3. Count trials and record.
Trials

Altention and Calculation

* Serial 7’s. 1 point for each correct answer. Stop after 5 answers.
Alternatively spell “world” backward.

Recall

* Ask for the 3 objects repeated above. Give 1 point for each
correct answer.

Language
* Name a pencil and watch.
* Repeat the following “No ifs, ands or buts.”

* Follow a 3-stage command:

“Take a paper in your hand, fold it in half and put it on the floor.”
« Read and obey the following CLOSE YOUREYES.
* Write a sentence.
* Copy the design shown.

)

ASSESS level of consciousness along a continuum

Total Score

Alert Drowsy Stupor Coma

ractical Method for Grading the Cognitive State of Patients

hiatric Research, 12(3): 189-198, 1975 more information on reverse

Number of people with dementia in low and middle income countries
compared to high income countries

2015 2020 2025 2030 2035 2040 2045 2050
Year
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Demence vs. nheurodegenerace
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Typy a etiologie demenci G

Cerebral - / cortex
t D
Cf%rldesx _ \( / Selverely
; P4 Y
. 4 ) \fenn?:i%?es
Alzheimerova choroba (AD, 60%) @ U ’:&

*  typicky dominuje atrofie hippocampu /\

Vaskularni demence (25%)
*  Casto skokovity nastup a zhorseni
* sanebo bez znamek mozkové mrtvice ‘

*  fokalni neurologické deficity %

* emocni nestabilita, impulsivita, deprese
* Demence s Lewyho télisky (LBD, 15%) Q
* demence se rozviji spole¢né s motorickou symptomatologii
Extreme shrinkage

. . |
*  visudlni halucinace! Hippocampus of the hippocampus

* Parkinsonova nemoc (PD)
* demence se rozviji relativné pozdé po motorické symptomatologii

NORMAL SEVERE

* Frontotempordlni demence (FTD) - nejznaméjsi formou je Pickova choroba
* Setfi hippocampus

. socizélné nevhodné chovdani (disinhibice), apatie, stereotypy, nevhodné oblékani a nezajem
0 sebe

* miuzZe byt zaménéna s psychiatrickou dg.
* Huntingtonova nemoc (HD)

* Creutzfeld-Jacobova nemoc
* spongiformni encefalopatie

* hydrocefalus (s normalnim tlakem)

* Wernicke-Korsakoffliv syndrom
*  zdavainy deficit thiaminu (vit B-1) typicky u alkoholik

* CAVE: nerozpoznana a nelécena deprese mtize mimikovat demenci
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Neurodegenerativni nemoci jako , proteinopatie”

* obecné mechanizmy
neurodegeneraci s
demenci

AB Enhancement of Production

Alzheimer’s Disease

Tau
Loss of Clearance

Parkinson’s Disease
Intra-neuronal deregulation:

, Lewy Body Dementia a-Synuclein * Autophagy
[ ) postu p n a ku m u Ia Ce * Unfolded protein stress response
, , Multiple System Atrophy
ad bnorma | NI ho Extra-neuronal deregulation:
v ’ . Tau * |nteractionamong neurons,
m nOZStV|/m |Sf0|d ed & tcsmporal Lobar TDP-43 astrocytes and microglia
« o o e D o * Phagocytic clearance
prOtemU a JeJ|Ch EasLere SOn FUS * Autoimmunity
- * BBB/CSF transport
agrelgace V tka nl mOZkul ; Amyotrophic Lateral
které interferuje s funkci il e
clerosis FUS
° ° / © 4 Intra-and Extra-neuronal

u ruznyCh ty pou d?menCI PROTEINOPATHIES SoD1 Misfolded Protein

se kumuluji rtzné Precipitation 4 L

proteiny MISFOLDED PROTEINS \_ o SE )

) PROTEIN MISFOLDING MECHANISMS
* beta-amyloid a Tau u | /
AD, alpha-synuclein u
LBD, priony ucCJD * In most neurodegenerative disorders, proteins that are unstructured in healthy brains, undergo
modifications in their structural folding, forming small oligomeric or large fibrillary aggregates
° heu rod ege nerace Ize * These changes lead to their self-association, elongation and intra- and extra-neuronal precipitation
A4 e The molecular mechanisms resulting in misfolded protein conformational changes tend to be the same in
tedy vaa ZOvat Zd all the proteinopathies and may incFude different mechanisms, such as post-translational modifications, the

loss of protein clearance or the enhancement of protein production MUNI

proteinopatie WED



Proteostasis ‘
* mechanismy kontrolujici mnozstvi,

strukturu a toxicitu mtracelularmch

proteinu jsou zasadni P \// / I
* kumulované proteiny v toxickych davkach

nebo mutované proteiny jsou nachylne k % é @ _, &=

misfoldingu a agregaci &y SR
* rezistence nebo nasl. dysfunkce v e I toces IR s S Pren SR, o |

systémech degradujicich proteiny muze D D ) U0 g

* ubiquitin-proteasom

hrat kauzalni roli \
* role chaperonl

* autofagie
* ER stress (UPR) |
* izolované zmény maji tendenci se e porm——
generalizovat — protein-
propagation/spreading/templating

Autolysosome

e prion-like?

* nasl. masivni apoptdza zodpovida za
klinické projevy
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Schematic of the interrelated neurodegenerative
proteinopathies

* Diseases are organized in color blocks
that indicate their primary
proteinaceous aggregate

pathology * AD has primary proteinaceous aggregates
of both AB (yellow) and tau (red) and is
therefore designated orange.

e Diseases are connected to proteinaceous
aggregates that can be observed in at least
some cases of the disease with lines.

* AGD, argyrophilic grain disease; CBD,
corticobasal degeneration; DLB, dementia
with Lewy bodies; FTD, frontotemporal
dementia; HD, Huntington’s disease; MSA,
multiple system atrophy; Perry synd., Perry
syndrome; PDC, parkinsonism-dementia
complex; PiD, Pick’s disease; PSP, progressive
supranuclear palsy; aSyn, a-synuclein.

MUNI
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Prion-like transmission of protein aggregates in neurodegenerative diseases

a Models of spread

Neuronal| ___ Anterograde
cell bOd}.f" ®) \transport
R o
Exocytosis T { Axonl ®
S
: = %o | ]
YOS W A4, Retrograde
' 4 T ~ \transport
P N L Ny
rd v ab . - /,\ 1
> 4 ~ - <2
7 3 O 3
¥ V' i |
| ! Release ) CA®A
V] A

o
| atdeath N

¢ Alzheimer's disease

b Parkinson's disease

<( (0

d Huntington's disease

L

Nature Reviews | Molecular Cell Biology

Principles for progression of neuropathological changes

(a) Intracellular ﬁrotein aggregates can be released from neurons by

exocytosis or ce

death.

The aggregates are taken up by, for example, adjacent neuronal cell bodies
and are either retained in the cell soma (local spread of pathology) or
transported anterogradely by axons.

Alternatively, they are taken up by axon terminals and transported
retrogradely to the cell soma.

The protein aggregates can spread between brain regions by axonal transport.

(b—d) Three drawings propose principles for how neuropathological
changes in Parkinson’s, Alzheimer’s and Huntington’s diseases spread
spatiotemporally during disease progression.

* The earlier the neuropathology develops in a given brain region, the darker the
shading in the diagram. As only one view (mid-sagittal for Parkinson’s and
Alzheimer’s diseases; lateral for Huntington’s disease) of the brain is depicted for
each disorder, not all relevant anatomical structures and details of the spreading
patterns (indicated by arrows) are presented.

(b) in Parkinson’s disease, a-synuclein aggregates (Lewy neurites and Lewy
bodies) are suggested to first appear in the dorsal motor nucleus of the vagal
nerve in the brainstem and anterior olfactory structures (darkest Ereen), and
then to spread stereotypically to finally occupy large parts of the brain,

(c) in Alzheimer’s disease, neurofibrillary tangles first appear in the
hippocampus (and closely associated structures), the basal nucleus of
Meynert and the brainstem15-18 (darkest green). They spread to other brain
regions, including the neocortex, in a stereotypical manner, correlating with
symptomatic progression.

(d) in Huntington’s disease, the putamen and caudate nucleus, and related
basal ganglia structures deep inside the brain (darkest green), have been
suggested to degenerate first. However, recent imaging studies suggest that
primary motor and sensory cortices already undergo atrophy in pre-
symptomatic gene carriers. Therefore we propose that cortical involvement
precedes basal ganglia pathology.

from Brundin, P., Melki, R. & Kopito, R. Prion-like transmission of protein aggregates i
neurodegenerative diseases. Nat Rev Mol Cell Biol 11, 301-307 (2010). rM U N I
https://doi.org/10.1038/nrm2873 M E D



Subiculum
Neurons expressing
pathologic proteins

Lateral entorhinal cortex

w7,

Medial entorhinal cortex

Cerebellum ’/
/

protein:

‘f‘;gil"eakage Q'D ( \
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/ /¥ Exosome "

Dentate gyrus

\J / ) -
|/ Interstitial
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8 groteins
R 7% Pathologic proteins
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pyramidal neurons
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Cycle
continues

Protein Templating and Dementia

* Prion-like suggest the possibility of
transmission which is not the case of NDDs.

* Acycle of ,,templatinﬁ” of a pathologic
protein, together with breakage an
transfer between cells, may lead to the
spreading of disease — for example,
between adjacent neurons in a pathway.

e Studies provide support for the hypothesis
that Alzheimer's disease and
frontotemporal dementia spread in this
manner.

* |n the case of mutant tau (which has been
implicated in frontotemporal dementia and
Alzheimer's disease) or mutant a-synuclein
(which has been associated with Parkinson's
disease), this process is probably intracellular,
but similar templating could occur, for
example, in the case of beta amyloid in the
extracellular compartment.

 from N EnglJ Med 2012; 366:2126-2128
DOI: 10.1056/NEJMcibr1202401
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Alzheimerova nemoc jako nejcastajsi
forma demence
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Alzheimerova nemoc = B-amyloidopatie + Tauopatie

Cerebral cortex

- By
4 ‘1\‘:‘\—7(”“” ""ﬂ
I VY

Normal brain Hippocampus

Shrinkage of
cerebral cortex Enlarged ventricles

Shrinkage of
hippocampus

Alzheimer disease
brain

AB plaques
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Produkce a degradace b-amyloidu v normalnim mozku

AR

Physiological role of AR:
Synaptic Plasticity

Ap
Neurogenesis 2 3
Aggregation
Antioxidant sgee
Fibrils

Pahological role of AR:
Impairment of neuronal

function

Neuronal Cell death

AR
P3
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* Amyloid-beta precursor protein (APP) je integralni membranovy
Eroteln exprimovany mnoha tkanémi, pficemz v CNS je
oncentrovan zejm. na synapsich neuronu

. fungtL)Jje jako povrchovy receptor a pfedpoklada se, Ze hraje roliv
tvorbe a udrzeni synapsi, neuralni plasticité, antimikrobialni ktivité a
exportu Zeleza

. jakoIJ;iné,bunééné proteiny je opotfebovan a musi byt kontinudlné
recyklovan

Existuji dvé drahy procesujici APP:
* (1) ne-amyloidogenni, konstitutivni sekre¢ni draha

* malé APP fragmenty jsou tvofeny sekvencnim Stépenim pomoci a- a y-
sekretdz

e (Cast extracelularni domény APP je odstépena a-sekretazou (rodina
disintegrin/ metalloproteinase (ADAM, including ADAM9, ADM10 and
ADAM17, also known as TACE)) a uvolnéna jako solubilni extracelularni
fragment sAPP-a, ktery ma neurotrofické a neuroprotektivni funkce

* nasledné y-sekretdza pfitomna v plasmatické membrané generuje
intracelularni APP fragment znamy jako APP intracellular C-terminal
domain (AICD)

* obatyto fragmenty se jednioduse odstranuji
* (2) amyloidogenni draha

e APP je $tépen B-sekretazou ((BACEl) ve své extracelularni doméné za
vzniku 2 fragmentd; sAPP-B (N-terminalni fragment) a CT99 nebo CT89.

e CT99 mize byt §t(:=.feno y-sekretdzovym komplexem (zahrnujici Nicastrin,
Anterior Pharynx defective 1, Presenilin enhancer 2, Presenilin 1 anebo
Presenilin 2) uvnitf plasmatické membrany.

* tyto dvé stépeni (B- a y-sekretazou) generuji Amyloid beta (AB) a vice
AICD fragmentd.

* délka AICD fragmentu kolisa v dlisledku heterogenniho stépeni y-
sekretazou a nasl.dalSich uprav - a {-sekretazami.

* AICD mé fyziologickou (a pFip. patologickou) roli zejm. v signalizaci z
membrany k jadru neuronu (epigenetickd modulace genové exprese).

* AICD fragment muZe byt jeSté ddle procesovan kaspazami za vzniku
fragmentu zvaného CT31, ktery je silny inducer apoptdzy
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Fyziologicka funkce tau proteinu a jeho abnormality

TAU PROTEIN

MICROTUBULES ARE
STABILIZED BY NORMAL
TAU

TAU ASSOCIATED STABLE
MICROTUBULE

TAU ASSOCIATED STABLE MICROTUBULE
WITH PROPER AXONAL TRANSPORT

MICROTUBULES ARE DESTABILIZED
BY ABNORMAL PHOSPHORYLATED

&

https://doi.org/10.1016/j.ijbiomac.2020.07.327

Tau
[
PHOSPHORYLATED TAU DISSOCIATION FROM MICROTUBULE DESTABILIZATION WITH
MICROTUBULE DISRUPTED AXONAL TRANSPORT
I 2 3 5
EXCESSIVE " MICROTUBULE DETACHMENT OF
PHOSPHORYLATION 4@ | 0epoIYMERIZATION b PHOSPHORYLATED
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MISFOLDED TAU TAU
MONOMER DIMER
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E °
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Odstranovani AP vyZzaduje ApoE lipoprotein

There are 3 ApoE alleles in [population
E3>E4?

58 2 ApoE A o *  ApoE2is rare but confers the protection

l ‘ AB B .ag.gregates. *  Apo E3is ccomon and neutral

‘k ) Non-lipidated apoE? *  ApoE4 confers the risk for AD
= \ } * (1) Cell Surface Binding and Endocytic Trafficking of apoE
¢ AB \ B

and Ab ApoE probably binds to Ab in an isoform-

dependent manner with apoE3 forming more stable
] !
~ @l

* (2) LRP1, LDLR, and HSPG are major cell surface receptors
that bind apoE, Ab, and apoE/Ab complexes

* In addition to forming a stable complex with Ab (1), apoE
probably competes with Ab to common cell surface

\ receptors (2)

apoE/Ab complexes than apoE4
LRP1 HSPG

LDLR

* Endocytosed apoE either dissociates from lipid
components within the early endosomes due to lower pH
(3) and recycles (4) or is transported to lysosomes for
degradation (5)

Recycling
Vesicles

o

* Endocytosed Ab is typically delivered to lysosomes for

: @ degradation (5), although a small amount of Ab can be
recycled (4)

In some conditions, apoE and Ab may be transferred
A Exosome ? 'lcohrgu g\) exosomes from the late endosomes/multivesicular
- O y

<= — *  When Ab accumulation overwhelms the capacity of

Late Endosome/ lysosomes for degradation, the low pH in the lysosomes

Lysosome Multi-vesicular Body rovides a suitable environment to initiate Ab aggregatiqn

(pH 5.0) H 5.5) 7) , which could injure lysosomes and also provide seeding
(pH 5. or further Ab aggregation

@ Early
Ap Endosome
aggregates (pH 6.0)

E4>E3?

°

MUNI
MED



Produkce a degradace b-amyloidu v normalnim mozku

* Widespread deposition of ABOPIaques in the
neocortex (particularly in medial prefrontal and
medial parietal regions) and a hierarchically
organized pattern of neurofibrillary tangles
(composed largely of tau aggregates) in limbic and
cortical association areas are the neuropathologic
hallmarks of AD

 cortical plaques are widespread 10—-20 years before
clinical symptoms emerge, and both autopsy-based
and recent AB positron emission tomography (PET)
studies suggest that up to 40% of cognitively
normal individuals have profuse plague deposition
in the brain

e current disease models

* ‘linear’ model

* su gg:st that AB—either as plagues or as non-fibrillar,
soluble, oligomeric forms—initiates a pathophysiological
cascade leading to tau misfolding and assembly that spreads
throughout the cortex, ultimately resulting in neural system
failure, neurodegeneration and cognitive decline.

e ,synergistic” model

/" AB-fibrils

Protofibrils
( Amyloid plaque \

formation

by

Monomer

Oligomer

K E RN R R R R R R R R ER R R ERR R D

Tau Accumulation
and oligomerization

Neuronal

/ damage/death
Amyloid 4

Reactive
astrocyte

plaques

[ JfEy

Dysfunctional | ¢ ~

microglia > | =
O

PrP°/mGIuRS receptor

complexes NMDA receptor

interaction with PSD95

Collapse of synaptic
cytoskeleton and axonal
[2) transport

Stabilization of NMDA’s
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AD = beta-amyloid a Tau-proteinopatie

APP
Tau PTMs

T
APP processing au

BACE1
BACE2

y-Secretase

y-Secretase interacting
proteins

a-Secretase

Tau Tau

AB43 [10]
o o AR38 AR >43 B Propagation

>
‘ I and pathology
SEEE ® spread
Low-n oligomers / \

ABAO  Ap42

Fibrils

>

Mutual influence

Plagques Neurofibrillary tangles
Ap aggregation Tau aggregation

Cellular phase

Low-n oligomers

P N

Tau

* The amyloid cascade hypothesis posits
that AP aggregation is the starting point
XfDa series of events ultimately leading to

AP originates from the sequential
cleavage of APP by BACE1 and y-
secretase.

* Gradual formation of AB low-n oligomers
and their build up into dynamic, higher-
order aggregates impacts synaptic
function first and leads progressively to
tau hyperphosphorylation, aggregation,
and intracellular deposition; elicits
neuroinflammation; and ultimately leads
to neurodegeneration and dementia.

* Although these steps are proposed to
proceed in a mostly linear timeline,
researchers increasingly appreciate the
fact that AB and tau pathology may well
start and proceed independently,
eventually feeding into each other
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Mechanism of protein spreading in AD

Primary age-related Alzheimer’s disease

taupathy
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Busche, M.A., Hyman, B.T. Synergy between amyloid-p and tau in Alzheimer’s disease. Nat Neurosci
23, 1183-1193 (2020). https://doi.org/10.1038/s41593-020-0687-6

tau tangles (red) in the absence of
concurrent cortical plagues are
present in brain stem nuclei (for
example, locus coeruleus) and the
parahippocampal gyrus, which
Includes the EC, of many cognitively
normal aged individuals (i.e., those
with primary age-related tauopathy).

In AD, the presence of cortical
plagues (blue) correlates with
neuronal tau propagation from the
parahippocampal gyrus into
neocortical areas, including medial
parietal and medial prefrontal cortex

Bottom: human AD cases with
plaques and tangles show a
dramatically enhanced formation and
propagation of bioactive, HMW forms
of tau (right) relative to human cases
with tangles alone
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The interaction between AP and tau enhances
neural circuit impairment — both lesions are necessary!!!

Control
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s | YN~
P o).+ [ |
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APP/Ap

APP/Ap + tau

Cortex

Normal neuronal activity

Neuron 3 Microglia
© Normal
© Hyperactive

O Hypoactive

. Resting
¢ Activated

@ A plaque & Tau tangle

I

Neuronal hyperactivity
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Ap suppression AP suppression

or suppression of or tau pathology

endogenous tau reduction
Rescue No rescue

Busche, M.A., Hyman, B.T. Synergy between amyloid-p and tau in Alzheimer’s disease. Nat Neurosci
23, 1183-1193 (2020). https://doi.org/10.1038/s41593-020-0687-6

Compared to the healthy brain (left), the
cellular microenvironment adjacent to
Elaques (middle) is characterized by

yperactive neurons, microglia activation
and spine loss (inset)

The impairments are largely reversible
following suppression of A or
endogenous tau

In vivo multiphoton imaging has revealed
that the combined presence of AB and
tau pathology in the neocortex (right) is
associated with suppressed neuronal
activity, as well as with enhanced
microglia activation and spine loss

Suppression of AB or tau pathology alone
is not effective in rescuing these
functional impairments
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Microglia may be critical intermediaries of AB—tau

synergy

Release tau in
more bioactive form

o

a Uptake
- : ﬁf Cytokines & Nétiron
cascon IA /| Microgla, )

oligodendrocyte/,_.{V = & A

v)

e Depicted are mechanisms by which
microglia might contribute to enhanced
bioactivity and spreading of tau in the
presence of AP

* Soluble AB and other factors, such as release

of cytokines by senescent oligodendrocytes
near plaques, can activate microglia

* Activated microglia may take up tau, process
it and release it in @ more bioactive form

&7 \,/ Promotes . Nheuror;]s may take up releahscle_de’g?ll)J (pgssibly
\ il through an interaction wit and, in
X\ &7 hyperexchiability turn, release tau into the neuropil in an

| N Albumin  Blood vessel activity-dependent manner

BBB disruption

Microglia—neuron
/ somatic junction |\

Soluble A ) | >
o 00 Q‘%&"o | ' Astrocyte
&

Extracellular tau

Busche, M.A., Hyman, B.T. Synergy between amyloid-p and tau in Alzheimer’s disease. Nat Neurosci
23, 1183-1193 (2020). https://doi.org/10.1038/s41593-020-0687-6

* Neuronal activity is enhanced by muItif)Ie
mechanisms, including AB-mediated block of
glutamate reuptake, impaired synaptic
inhibition or blood—brain barrier (BBB)
breakdown resulting in extravasation of
neurotoxic products (for example, albumin,
illustrated) and activation of astrocytic TGF-
signalling

* Additional mechanisms by which microglia
might contribute to tau seeding and
propagation include the release of cytokines,
chemokines and nitric oxide that enhance tau
phosphorylation and perhaps direct transfer
through microglia—neuron somatic junctions
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Genetika AD (heritabilita

Autosomal dominant inheritance

;

Chr1 Chr14 Chr21 Chr 12 Chr 19
a) Early-onset b) Late-onset c) Sporadic cases
e PS1 * APOE » Toxic agents
* PS2 * Infectious Agents
e APP
A
jsscn APOE2 |
APOE ( /Qiucvs
NH2 = /'\ COOH

Chromosome 19
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Genetic risk factors for AD according to GWAS and their general role in
physiological function. High risk genes are associated with increased severity
of the disease and earlier age of onset, with low risk genetic factors age of

onset is delayed and disease severity is less. The area of each circle is

Near

Certain

High
Risk
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Risk

proportional to each genes’ population attributable fraction (PAF). “Larger”

genes have a greater influence of AD within the population.
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Alzheimerova nemoc — symptomy a stadia

* symptomy

ztrdta paméti (zejména kratkodobé; tj. porucha uceni a zapamatovani si u¢eného) R ey e
rapidné se zhorSuje zapomnétlivost & -ﬂ ” ?
problémy najit vhodné slovo pfi vykladu “ .‘
problémy s vykonavanim béznych domacich ukold el

poruchy feci a plynulého vyjadfovani (nedokoncovani myslenek) MEMORY LOSS CONFUSION WITH SOLVING PROBLEMS
zhorsena orientace i ve zndmém prostredi TIME OR PLACE

zhorsujici se schopnost usudku, stale obtiznéjsi rozhodovani

problémy s abstraktnim myslenim e e ~

problémy pFi oblékéni o e s
zmény osobnosti, nalady a chovani “ ,,"_’ — ; ‘ :
ztrata zajmu o konicky a zameéstnani = " )
ztrata iniciativy

ukladani véci na jina mista, problémy s uklidem e m & .

SPEAKING OR TROUBLE WITH CHANGES IN MOOD
WRITING PROBLEMS FAMILIAR TASKS AND PERSONALITY

* klinicka stadia

lehka demence: obtizné dorozumivani, zapominani, zakladani véci, podeziravost, vztahovacnost, popirani problémi a poruchy paméti, dezorientace v
Case, bloudéni na znamych mistech, obtizné rozhodovani a bezradnost, ztrata iniciativy, znamky deprese, uzkosti a agresivity, ztrata zajmu o konicky,
zmeéna osobnosti — sobeckost a egocentri¢nost

stfedni: poruchy soudnosti, nekriticnost, prohlubovani zmén osobnosti, neschopnost vykonavat béZné aktivity jako je vafeni a nakupovani, potfeba_
pomoci pfi vykonavani osobni hygieny a oblékani, obtizna komunikace, toulani, bloudéni, poruchy chovani, halucinace, podezirani, stavy zmatenosti

tézka: poruchy pfijmu potravy, nerozpoznani blizkych osob, nechapani okolniho déni, ztrata schopnosti souvislé reci, velké stavy zmatenosti, obtizna
chtze, poruchy vylucovani moci a stolice, Uplnd ztrata sobéstacnosti, upoutani na invalidni vozik, télesné i dusevni chatrani, hubnuti, smrt

* relativné zachovalé funkce a dovednosti

v o

Cteni a naslouchani cetbé, vypravéni pribéht z minulosti (do jistého stadia), zpév, poslech hudby, tanec, kresleni a malovani, femesIné a rucni prace
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AD — prevence?????

How might exercise protect against Alzheimer’s disease?

Several pathways might explain how exercise protects the brain and prevents development of Alzheimer's
disease. In mice, exercise enhances vascular health and increases the amount of BDNF in the brain, which
promotes neurogenesis, survival of new neurans, and the formation of new synaptic connections.

B Yk ~
L

AP
i L #r’j/
o A
Increased BDNF,  Increased neurogenesis

other unknown Protection against
factors Alzheimer's disease

- —» . Better brain health

Increased synapse « Increased network connectivity
Exercise \

numbers and function » Larger cognitive reserve

sE=

Increased vascular health

e sport ano, ale ne kontaktni s rizikem repetitivniho ,,traumatic brain injury“
(vede k chronic traumatic encephalopathy)
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Hawve you heard abowt mad cow disease 7

Yes Mom, 'm looking forward to school
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