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Doencas Cronicas e Degenerativas: conceito e tipos

“As doencas cronicas e degenerativas (DCD) sao caracterizadas por uma evolucao lenta e prolongada que
leva a progressiva degeneragao das células e tecidos, frequentemente culminando em danos irreversiveis.”

Heterogéneas Causas multifatoriais Impactam multiplos sistemas




Doencas Crénicas e Degenerativas: impacto epidemiologico
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Doencas Crénicas e Degenerativas: impacto epidemiologico

+ 41,8% das mortes prematuras (30 a 69 anos) foram causadas por
DCNT no Brasil em 2019.
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Doencas Cronicas e Degenerativas: envelhecimento como fator de risco

Evolucao da populacao brasileira por faixa etaria
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(Alzheimer Disease Report, 2015)
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Cases per 1,000 population

Esclerose Lateral Amiotrofica
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« = 3 casos por 100mil pessoas.
 |dade média de inicio entre 51 e 66 anos.

« Expectativa de 3 — 5 anos de vida.

(Hou et al., 2019)



Esclerose Lateral Amiotroéfica: etiologia

Familial

10% Genes associados a ELA

Proportion of cases
associated with gene®

Gene Protein product Protein function Locus Familial ALS Sporadic ALS

Chromasome 9 open reading frame

CYorf72 7 Nucleotide factor 9p21-22
s0D17 Superoxide dismutase 1 Superoxide dismutase 21g22.1 10-20% 2%
Sporadic TARDBP  TDP43 RNA-binding protein g36 5% <1%
90% FUS Fused in sarcoma protein RNA-binding protein 16p11.2 5% <1%
MAT3 Matrin 3 RNA-binding protein 5g31.2 <1% <1%
Heterogeneous nuclear . . . ,
HNRNPAT ribonucleoprotein A1 RNA-binding protein 12913.1 <1% <1%
Mediator of apoptosis, inflammation and vasoconstriction, cellular
OPTN Qptineurin morphogenesis, membrane trafficking, vesicle trafficking, transcription 10p15-p14 4% <1%
activation
- . . . Xp11.23- )
UBQLNZ  Ubiquilin 2 Ubiquitination and protein degradation Xp13.1 <1% <1%
SQSTMT  Sequestosome 1 Autophagosome cargao protein, targets proteins for autophagy 5035.3 <1% <1%
Serine/threonine-protein kinase Phosphorylatien of nuclear factor-kB, regulation of cell proliferation,
TBK1 TBK1 P apoptosis and glucose metabelism, promotion of autophagy via the 12q14.2 <1% <1%
ubiquitylation pathway
Transitional endoplasmic reticulum - . ,
vCP ATPase Ubiquitin segregase Ip13.3 2% <1%
DCTN1 Dynactin subunit 1 Mediator of organelle transport, spindle formation and axonogenesis 2p13 1% <1%
ANG Angicgenin Ribonuclease 14q11 <1% <1%
PENT Profilin 1 Actin-binding protein 17p13.2 <1% <1%
CHCHD10 C0||et%—c0|l—he|_|)<.—colled—cp|l—he||x Maintenance .Of cristae morphology in mitochondria, oxidative 22q11.23 1% 1%
domain-containing protein 10 phosphorylation
TUBA4A  Tubulin adA chain Microtubule formation, maintenance of cytoskeleton and structure of cells 2g36.1 <1% <1%

(Yu & Ha., 2020; Kiernan et al., 2021)



Esclerose Lateral Amiotrofica: manifestacoes clinicas

P T
Cognitive impairment

Behavioural impairment
P,

"

r ™
Dysphagia
Dysarthria

b -

Caibras e perda de massa muscular

Fragueza muscular nos membros

Respiratory
insufficiency

Dificuldades na fala e na degluticao

Insuficiéncia respiratoria

Comprometimento cognitivo e/ou comportamental

Obito 3 — 5 anos apds inicio dos sintomas

Muscle cramps
Spasticity
Muscle weakness
Muscle atrophy

(Hardiman et al., 2017)



Esclerose Lateral Amiotrofica: bases morfologicas

Componentes do Sistema Nervoso afetados

g . Motor cortex

\  Neuronios motores superiores e inferiores.

Descending
Brainstem corticospinal neuron
y — Upper Motor Neuron

Cervical -

| Anterior horn
A Thoracic L.

pinal motor neuron Q
i Lumbar — | ower Motor Neuron

Sacral

(Taylor et al., 2016)



Esclerose Lateral Amiotrofica: bases morfologicas

Healthy ALS
Cerebrum
TARDBP inclusions
% % Cortical degeneration/Inflammation

Increased MRI signal in CST

— Betz cell shrinkage

Spinal cord + brainstem

Loss of myelinated UHM axans
Loss of LMN soma

Dying motorneurons
 Activated microglia

7 Reactive astrocytes

Peripheral nerve
Focal defects
in motor axons

|

Neuromuscular junction
Nerve retraction

5. Skeletal muscle
Fiber type grouping
Atrophy

A patologia da ELA abrange todos os niveis do
sistema neuromuscular voluntario e envolve
multiplos tipos celulares

| Neurdnios motores superiores e
inferiores

|

Degeneracao axonal, desmielinizacao do
trato corticoespinhal e nervos periféricos

|

Atrofia dos musculos esqueléticos

*CST - Corticospinal Tract; UMN - Upper Motor
Neurons; LMN — Low Motor Neurons

(Schweingruber & Hedlund, 2022)



Esclerose Lateral Amiotrofica: bases morfologicas

Vulnerabilidade seletiva dos neuronios motores acometidos na ELA

\ . Oculomotor, trochlear and abducens

Motor neurons not affected el

FF

Nerve

retracts\

Nerve
retracts

Fast fatiguable (FF) Slow (S)

Motor neuron degeneration Motor neurons less affected Inervacao compensatoria por

Muscle atrophy Compensatory sprouting unidades motoras lentas
T Fiber type switching

+ VUIneréveiS (Schweingruber & Hedlund, 2022)



Esclerose Lateral Amiotrofica: bases morfologicas

Vulnerabilidade seletiva dos neuronios motores acometidos na ELA
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Somatic nerve fibers innervate:
¢ medial rectus muscles
e inferior rectus muscles
*  superior rectus muscles
* inferior oblique muscles
) HYPOGLOSSAL
SSB5TANG,, NUCLEUS
MNs DEGENERATION

Hypoglossal MNs innervate:

* Intrinsic muscles: superior,
inferior longitudinales,
transverses and verticalis

» Extrinsic muscles:
genioglossus, styloglossus
and hyoglossus

(Maugeri et al., 2020; Anatomia Humana 62 ed. Martini, Timmons e Tallitsch;)




Esclerose Lateral Amiotrofica: bases morfologicas

Vulnerabilidade seletiva dos neuronios motores acometidos na ELA

LOWER MOTOR NEURONS

SSBTANG, OCULOMOTOR

Musculos extrinsecos e intrinsecos da lingua [\ NUCLEUS

MNs RESILIENCE
Somatic nerve fibers innervate:
*  medial rectus muscles
* inferior rectus muscles
*  superior rectus muscles
* inferior oblique muscles
) HYPOGLOSSAL
, SS5TANG,, NUCLEUS
Lingua Processo estiloide / N
Estiloglosso @
Genioglosso Hioglosso
Sinfise da mandibula —— / Etigthicideg MNs DEGENERATION
/H Estilofaringeo
Genio-hidideo . -; Osso hioide Hypoglossal MNs innervate:
Cartilagemtireéideaﬁ Tireo-hidideo * Intrinsic muscles: superior,
\ ' inferior longitudinales,

transverses and verticalis

( Anatomia Humana 72 ed. Marieb, Wilhelm e Mallatt) * Extrinsic muscles:
genioglossus, styloglossus

and hyoglossus




Bulbar

LMN signs

Facial weakness (lower half)
Facial fasciculations

UMN signs

T or spastic muscle tone
1 tongue motility

Face Tongue atrophy Spastic tongue protrusion
Pharynx Tonge fasciculations T jaw and palmomental reflexes
Tongue Flaccid dysarthria Spastic dysarthria
Dysphagia Pseudobulbar affect
. Muscle weakness T or spastic muscle tone
Cervical 7 or cloniform DTRs
Hypotrophy/atrophy : :
Upper . : ‘ ; Preserved DTRs in atrophic muscles
pPp Fasciculations ‘1 Reflex Arc | , p . .
limbs I or absent DTHE | w : Descending Hofmann's, Wartenberg's,
i UMN Jacobsohn's signs

O que causa todas
essas alteracdes
sistémicas?

. Muscle weakness
ThoraC]_C Axial instability
Trunk Bended posture
Fasciculations
Dyspnoea, orthopnoea

Absent superficial abdominal reflex
T deep adominal reflex

Diaghragm

Muscle weakness T or spastic muscle tone
Lumb ar Hypotrophy/atrophy T or cloniform DTRs
Lower Fasciculations Preserved DTRs in atrophic muscles
*DTR: Deep tendon reflex; limbs 1 or absent DTRs Pyramidal signs

LMN: Lower motor neurons;
UMN: Upper motor neurons.

(Castro-Gomez, 2023)




Esclerose lateral amiotréfica: marcadores histopatologicos

Acumulo de inclusoes de proteinas nos neuronios motores

TAR DNA-binding protein 43 (TDP-43)
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v Table 2. Detection of TDP-43 fragments in human neurclogical conditions
Disease TDP-43 truncated forms Reference
— Amyotrophic lateral sclerosis 23-37 kDa fragments {Neumann et al., 2006)
Frontotempaoral lobar degeneration 23-27 kDa fragments {igaz et al., 2008)
Alzheimer's disease TDP-25 (Rohn, 2008)
Corlicobasal degeneration TDP-25 {Uryu et al., 2008)
Fick disease TDP-25 and TDP-35 {Rohn and Kokoulina, 2009

otor) neuron

Parkinson's disease TDP-25 (in Lewy bodies) (Kokoulina and Rohn, 2010)

Loss of
nomal function

Novel toxic
cytoplasmic
gain of function

Degenerating ALS/FTD
(motor) neuron
TRENDS n Molecular Medane

Traumatic brain injury 35 kDa fragments {fang et al., 2014k)

(Benson et al., 2021)

(Changani et al., 2021)

(Broeck et al., 2013)



Esclerose lateral amiotréfica: marcadores histopatologicos

Agregados de SOD-1 mal-enovelada
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(Da Cruz et al., 2017; Teyssou et al., 2013; Deng et al., 2010)



Esclerose lateral amiotrofica: mecanismos celulares
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Esclerose lateral amiotrofica: mecanismos celulares

Regulation

Fungaes dos astr6Citos of synaptic activity

Interaction with microglia
and oligodendrocytes

ATP
Glutamate
D-Serine

Regulate
synaptic
funct|ons

| saT2
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EAAT Astrocyte-astrocyte
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Regulation of synaptogenesis
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(Khakh & Deneen, 2019)

Energetic support



Esclerose lateral amiotrofica: mecanismos celulares
Envolvimento dos astréocitos da ELA: primeiros estudos

ARTICLES

nature
neuroscience

Non—cell autonomous effect of glia on motor neurons
in an embryonic stem cell-based ALS model

Francesco Paolo Di Giorgio'*, Monica A Carrasco®*, Michelle C Siao?, Tom Maniatii~ = ™ 7

ARTICLES

nature
Nncuroscicnce

Astrocytes expressing ALS-linked mutated SOD1
release factors selectively toxic to motor neurons

Makiko Nagail*57, Diane B Rel"57, Tetsuya Nagatal'%7, Aleméne Chalazonitis?, Thomas M Jessell3-5,
Hynek Wichterle>® & Serge Przedborski'*>¢



Esclerose lateral amiotrofica: mecanismos celulares

Células gliais hSOD1¢%3Ainduzem a reducgao da sobrevivéncia dos neurénios motores
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Esclerose lateral amiotrofica:

Excitotoxicidade glutamatérgica
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Esclerose lateral amiotrofica: mecanismos celulares

Reatividade
astrocitaria

Wild-type mouse
- GFAP/DAPI

:

Non-reactive
o astrocyte

£
-

1 C3
Toxic Neurotrophic ~
factors factors .
Neurodegeneration _ A
Neurotoxicity Neuroprotection .
¥

Neural repair

Synaptic impairments

(Yamanaka & Komine, 2018)
(Baldwin and Eroglu, 2017)



Esclerose lateral amiotrofica: mecanismos celulares

1 Astrogliose em diferentes subtipos de ELA
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Esclerose lateral amiotrofica: mecanismos celulares

== |Ogm FDR

Alteracoes astrocitarias na ELA: expressao do fenétipo A1
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Esclerose lateral amiotrofica: mecanismos celulares

Alteracoes astrocitarias na ELA: expressao do fenétipo A1
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Esclerose lateral amiotrofica: perspectivas terapéuticas

Qual é o impacto da
modulagao da reatividade
astrocitaria na ELA?

. _ ALS astrocyte _
display homeostatic physiological properties _~~  display inflammatory reactive properties

\
Increased Impaired
Extracellular matrix .a Glutamate uptake
o e & O

Endoplasmic A Endoplasmic
PY reticulum @ reticulum
homeostasis | @ @ stress
Immune Augmented
maodulation immune
response TEE
i Hypoxia, Wnt, TGFB
| Pathway suppression )1 Pathway activation J

Vv Funcoes de suporte

™ Genes inflamatdrios reativos
(Ziff et al, 2022)



Esclerose lateral amiotrofica: perspectivas terapéuticas

Wild-type mouse
- GFAP/DAPI

Neuroinflammatory
stimulus (e.g. LPS)

.

Activated

Microglia __
\ l-1a
+TNF
+C1q

L/ ALS model mouse (End-stage)

" GFARIDAPI
2 b 7o

Toxic
factors

Neurodegeneration
Neurotoxicity
Synaptic impairments o B S e
(Yamanaka & Komine, 2018)

(Adaptado de Baldwin and Eroglu, 2017)



Esclerose lateral amiotrofica: perspectivas terapéuticas
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Esclerose lateral amiotrofica: perspectivas terapéuticas

Inclusdes citoplasmaticas de TDP-43 em células nao-neuronais

Ai  Motor Neuron Astrocyte
D —A_TDP-43)”
Aii DAPI/TDP-43/ALDH1L1 - ¥ Y
[\, Astrocitos
normais
s
_ Astrocitos .
.

Qual o impacto dos
agregados citoplasmaticos
de TDP-43 nos astrocitos?

-

c
(Smethurst et al., 2020) (Philips et al., 2013; Ferrer et al., 2021)



Esclerose lateral amiotrofica: perspectivas terapéuticas

normal abberant

astrocyte astrocyte
increase
express in secretllng
pathogenic / neurotoxic factors
S\ decrease
in secreting

neurotrophic factor

Paralisia progressiva

Deplecao progressiva dos transportadores de
glutamato

{TA: 60 days M337V: 50 days M337V: 60 days M337V: 65 days M337V: 70 days

--- « 1 Secrecgao de citocitas pro-inflamatoérias
abia] (IL-1B, IL-6 e TNF-0);

Alteracao do perfil de expressao génica;

EAAT2

EAAT2
]

Disfungdes mitocondriais nos neurénios;

« Ativagao microglial;

EAAT1

» Desnervagao dos musculos esqueléticos
e paralisia progressiva,;
| EAAT1 e EAAT2 na medula espinhal.

EAAT1

(Huang et al., 2014; Tong et al., 2013)



Esclerose lateral amiotrofica: perspectivas terapéuticas

* Aumento na expressao de fatores

Gain of function neurotdxicos:;

« Contribui para progressao da ELA.

|
Astrocyte /

\ Support ¥ / ’

Reducao da captacao de glutamato;

Reducao dos genes relacionados ao

Loss of function suporte neural
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Doenca de Parkinson
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(Hou et al., Nat Rev Neurol. 2019)

« 22 doenca neurodegenerativa mais comum

» 2-3% da populacao acima de 60 anos

incidéncia aumenta de 5-10

vezes de 60-90 anos

Envelhecimento é o

principal fator de risco



~n

Parkinson disease
2,500+

2,000
1,500

1,000+

500 Women

Cases per 100,000 population

O T [ | [ |
&) ) ) S Q
X 2] o A )
' 7 v v
R R N v

(Hou et al., Nat Rev Neurol. 2019)

Projecdes de maior incidéncia
acompanhando o
envelhecimento populacional

|

Altos custos para os sistemas
de Saude Publica

Doenca de Parkinson

Our World
in Data

Death rate from Parkinson's disease, 2021

Estimated annual number of deaths from Parkinson's disease® per 100,000 people.

- =ma
)
g 7

<

Nodata O 2.5 5 7.5 10 12.5

| | i i i Y

Data source: IHME, Global Burden of Disease (2024) OurWorldinData.org/causes-of-death | CC BY



Genética (5-10% dos casos)
Inicio precoce: antes dos 50 anos

GU,67.45%

¥ GBA,10.22%
CHCHD2,0.16% .~/ 1% ™. - PLA2G6,1.89%
' vp8350.16% /  |aca o gay n0-T9%
i Bt 0 6%, | SNCA0.63%
I

LRRK2,0.31%

Known Parkinson’s disease
related genes, 30.03%

*genetic undefined (GU)

PRKN,15.72%

Doenca de Parkinson: etiologia

Esporadica (>90% dos casos)
Inicio tardio: apos os 60 anos

Known Parkinson’s disease
related genes, 8.67%

s SNCA,1.02%

HTRA2,0.51%
Known genes, 10.71%

SCA2,1.02%

PSEN1,0.61%

4 GBA,7.14% :
Sy : DCTN1,0:51%
GU, 89.29% . ‘ 5
Causative génes of
other diseases, 2.04%
GBA: glicocerebrosidase
) . , Desbalanco da

SNCA: alfa-sinucleina homeostase broteica
PRKN: Parkina : roteostgse)
PINK1: quinase mitocondrial P

(Sun et al., NPJ Parkinsons Dis. 2023)



Doenca de Parkinson: etiologia

Esporadica

Known genes, 10.71%

GU, 89.29%

~90% genética
indefinida

DP € uma doenca heterogénea,
que envolve uma combinacgao
de fatores:

 Genéticos

» Bioldgicos

« Ambientais

» Estilo de vida

P, —_— — —— — p— T A et LSS e pr— e —_— . pe— fo— —_ —_— J—— —_—

‘ Lifestyle/environmental factors

Alpha-synuclein accumulation &

spreading

GBA
LRRK2

PRKN

PINK1 >\ " >
5 Parkinson's disease ]‘

s
>

|

A

Oxidative stress

Genetic factors ‘ ] y

A

Uknown factors

Mitochondrial dysfunction

11

Gut microbiome & |
metabolome

Ubiquitin-proteasome
system/autophagy
lysosome dysfunction
/

57

R N T R At et

(Maller-Nedebock et al., NPJ Parkinsons Dis. 2023)



Doenca de Parkinson: bases morfologicas

Hemisfério cerebral
esquerdo

Giros

Sulcos

Principais divisdes do encéfalo e o L oo

m ese n Céfa I O pensamento, fungdes intelectuais

® Armazenamento e processamento
da memodria

e Regulagcao consciente e subconsciente de
contracoes dos musculos esqueléticos

Fissuras

DIENCEFALO
Posterior 0

Coliculo TALAMO

superior e Centros de processa-
Teto mento e retransmissao
Substancia Aqueduto do de informagao sensitiva
cinzenta central 4 "

mesencéfalo HIPOTALAMO

Nucleo oculomotor (l11) Formacao

e Centros de controle de

Lemnisco emocdes, fungdes
medial autonémicas e CEREBELO
Nucleo producdo hormonal 7 Nisdiais  |® Co?rdena pac’i;'ées
rubro L Jo— motores somaticos
7. P P complexos

Substancia ——— Tronco 7 ¢ Regula a eferéncia de
negra \{\ = MESENCEFALO |— encefélico //’ outrqs. centros mo}ores
Fibras do _L‘« e e ¢ Processamento de 7 somaticos no enf:efalo

| ' ; estimulos visuais // e na medula espinal

e auditivos

trato piramidal \

s

Anterior e Geracao de motricidade .
Bagg do | reflexa somatica ‘
. pedunculo * Manutengao da
(a) Mesencéfalo cerebral consciéncia

(Anatomia Humana 62 ed. Martini, Timmons e Tallitsch; PONTE
Anatomia Humana 72 ed. Marieb, Wilhelm e Mallatt) * Retransmitea BULBO

informacao sensitiva
para o cerebelo e Retransmite a informacéo sensitiva para o
e o tadlamo talamo e outras partes do tronco encefalico

e Centros motores e Centros autonémicos para a regulagao da
somaticos e viscerais funcao visceral (atividades dos sistemas
subconscientes circulatério, respiratério e digestoério)




Doenca de Parkinson: bases morfologicas

Controle Doencga de Parkinson

a Control Despigmentacao da

substancia negra

(Poewe et al., Nat Rev Dis Primers. 2017)



Controle

Control

Doenca de Parkinson: bases morfologicas

Doenca de Parkinson

(Poewe et al., Nat Rev Dis Primers. 2017)

Moderado Controle

Severo

Despigmentagao da
substancia negra

Morte seletiva de neurénios
dopaminérgicos na
substancia negra pars
compacta (SNpc)



Doenca de Parkinson: bases morfologicas

Controle Doenca de Parkinson
————————————— 1 PR
Control : g Despigmentagéo da

€ substancia negra
O
®)
©
S
[} . A =
3 Morte seletiva de neuronios
= dopaminérgicos na
o substancia negra pars

| % compacta (SNpc)
w
>
q;) v
- Acumulo de agregados
o intracelulares da proteina
8 a-sinucleina:
S corpos de Lewy

: ' 4
[====—==—eun] - ===

— A o e e .
(Poewe et al., Nat Rev Dis Primers. 2017)



Doenca de Parkinson: bases morfologicas

Controle Doenca de Parkinson
————————————— 1 PR
Control : g Despigmentagéo da

€ substancia negra
O
®)
©
S
[} . A =
3 Morte seletiva de neuronios
= dopaminérgicos na
o substancia negra pars

| % compacta (SNpc)
w
>
q;) v
- Acumulo de agregados
o intracelulares da proteina
8 a-sinucleina:
S corpos de Lewy

: ' 4
[====—==—eun] - ===

— A o e e .
(Poewe et al., Nat Rev Dis Primers. 2017)



Doenca de Parkinson: bases morfologicas e sintomas

Postura encurvada Falta de
expressoes
faciais
RIgIEeZ e Inclinagao
costas

para frente

Cotovelos e Abertura reduzida

pulsos dos bracos
flexionados
Tremores
nas maos
Tremores
nas pernas Quadril e joelhos
flexionados
Marcha
embaralhada e
curta

llustragcao:Shutterstock.com (adaptado)

Sintomas motores: perda de ~40-60% dos neurénios dopaminérgicos,

\ of motor of Parkinson

Degree of disability

associada a uma reducao do nivel de dopamina no estriado

Prodromal
Parkinson disease

Mid-stage
Parkinson disease

Late-stage
Parkinson disease

Early-stage
Parkinson disease

Onset Diagnosis Institutionalization

symptoms disease
|

Postural instability
and gait disorder

Dysphagia
Dyskinesias Axial
deformities

Bradykinesia
Fluctuations

Rigidity

Tremor

i~

REM (Depression ) (Anxiety) Excessive Mild cognitive Orthostatic
sleep daytime impairment hypotension
behaviour (Constipation)[Hyposmia} sleepiness

(Fatigue) (Apathy) Urinary
symptoms
LPsychotic symptoms J

(visual hallucinations)

disorder

i

D Motor symptoms

(] Non-motor symptoms

Time (years)

(Poewe et al., Nat Rev Dis Primers. 2017)



Doenca de Parkinson: bases morfolégicas e sintomas

Por que os sintomas da
DP s&do motores? Qual é
o papel da dopamina?

Nucleo VL
do talamo

Ntcleos da base
e estruturas
associadas:
Nucleo
caudado
Estriado

s Nucleo
Substancia subtaladmico

nigra

? Os nucleos da base e estruturas associadas:
trato nigroestriatal e o controle da motricidade

7

Neurénio do
cortex frontal

Putamen — |

Substancia Subtalamo
nigra

(Neurociéncias 42 ed. Bear, Connors e Paradiso)



Doenca de Parkinson: bases morfologicas e sintomas

Por que os sintomas da
DP s&o motores? Qual é
o papel da dopamina?

Via direta Via indireta
Dopamina
Facilita os Inibe os
movimentos movimentos
voluntarios indesejados
Receptores Receptores
D1 D2

Healthy

Presynaptic
terminal

o ° 2
o’ e, .Dopamme

oo..:..'.. °

it Pt
II m * {3

Postsynaptic terminal

a Physiological condition

Cortex
Caudate

Thalamus Putamen /
GPe
GF’|
SNpc

\/

DA

= Direct

—— Indirect

(Alabrahim & Azzazy, Nanoscale Adv., 2022;
Calabresi et al., Nat Neurosci. 2014)



Doenca de Parkinson: bases morfologicas e sintomas

Por que os sintomas da
DP sao motores? Qual é
o papel da dopamina?

Via indireta

Inibe os
movimentos
indesejados

Receptores
D2

Atividade reduzida, Hiperatividade,
contribuindo para contribuindo para
bradicinesia rigidez e tremores

Substantia
nigra

Caudate

Thalamus

GPe
GPi
SNprT-‘ Csl;w
SNpc g

PD patient

Presynaptic
terminal

Dopamine °
°

gy ml'! i

Postsynaptic terminal

Parkinson’s disease

Cortex

Putamen /

v

- el

(Alabrahim & Azzazy, Nanoscale Adv., 2022;
Calabresi et al., Nat Neurosci. 2014)



Doenca de Parkinson: bases morfolégicas e neuroimagem

Por que os sintomas da
DP s&o motores? Qual é
o papel da dopamina?

18F-DOPA PET: Estriado

Doenga de

Controle
Parkinson

(Adaptado de Blesa et al., Nat Rev Neurosci. 2022)

Healthy

Presynaptic
terminal

%) ()G

® .....3 ee,’ Dopamine
ﬂiﬁc3

n.:.. %o+ @ “
TR
Postsynaptic terminal

a Physiological condition

Cortex
Caudate

Putamen /

Thalamus
/Napi

SNpr‘H

= Direct

—— Indirect

PD patient

Presynaptic
terminal

Dopamine °

gy

Postsynaptic terminal

Substantia
nigra

b Parkinson’s disease

Cortex

Camate/'
Thalamus Putamen /
\ GPe

SNprT( f’/@

-
- -

(Alabrahim & Azzazy, Nanoscale Adv., 2022;
Calabresi et al., Nat Neurosci. 2014)



Doenca de Parkinson: manifestacoes clinicas

E quanto aos sintomas
nao motores da DP?

Prodromal PD

1. REM-sleep
behaviour
disorder
Hyposmia
Constipation
Autonomic
dysfunction
Psychiatric
symptoms
6. Pathological
imaging
markers

pE

)

llustragcao:Shutterstock.com (adaptado)

Fase pré-motora ou prodromica da DP

Degree of disability

REM
sleep

behaviour
disorder

Prodromal
Parkinson disease

Onset

of motor
symptoms
I

(Depression ) (Anxiety)
(Constipation)[Hyposmia}

Diagnosi
of Parkinso
diseass

Bra
Ri

Tre

AR

Excessive
daytime

sleepiness

D Motor symptoms

(] Non-motor symptoms

Early-stage
Parkinson disease

vkinesia
dity

nor

Mild cognitive
impairment

Mid-stage
Parkinson disease

Late-stage
Parkinson disease

Institutionalization

Dyskinesias Axial
deformities

Orthostatic
hypotension

Postural instability |
and gait disorder i

I( Fatigue) (Apathy)

Pain

Psychotic symptoms
(visual hallucinations)

Urinary
symptoms

Time (years)

(Poewe et al., Nat Rev Dis Primers. 2017)




Doenca de Parkinson: bases morfoléogicas e mecanismos

Estadiamento de Braak: progressivo acumulo de corpos de Lewy em diferentes areas anatémicas

Braak stages 1 and 2 EBraak stages 3 and 4 Braak stages 1 and 2
Autonomic and olfaciory $|E\E|:l and molar Emalianal and EDgI'Iili'l."E
disturbances disturbances disturbances Body-first PD Limbic system
T - —— and amygdala
o t b~ Substantia nigra
& — e FDOPA 1
| f’%;;{,\ : \Parkinsonism
B 2O m;.ig:c\:“
e KT T p
%’:HL“ Locus coeruleus = >

Neuromelanin {4
RBD J—\.T

(
Dorsal motor nucleus
 Donepezil PET Ll

Pramolor
symploms

".lriﬂ - "1 1 ¥
oltactory
bulb £ .\

Heart
MIBG |1

Via
:ag?:; & Brainstem Lewy body
& Cortical L

Stellate ganglion

Prodromal PD y Clinical PD Coeliac ganglion—@
1. REM-sleep Sympathetic pathway Vagal pathway
behaviour
disorder
2. Hyposmia . 1. Bradykinesia .
3. Constipation b R 2. Muscular Intestine
4. Autonomic " rigidity
dysfunction 3. Rest tremor
5. Psychiatric 4. Postural
symptoms instability
6. Pathological
imaging
markers

(Aniszewska et al., Brain Behav. 2022; Berg et al., Nat Rev Neurol. 2022;
*jodo-123 metaiodobenzilguanidina (MIBG): analogo da noradrenalina Koeglsperger et al., Mol Neurodegener 2023)



Doenca de Parkinson: toxicidade da a-sinucleina em multiplos sistemas

Neocortex

Forebrain %

brainstem

% Substantia Nigra
SR

immune activation

@ :.

vagal motoneuron

\
ﬂe@s\\// N\ =

\xg
e

Q
afferent vagus
vagal motoneuron

leaky barrier o\
e o
bacterial products ®
/ / .
"i / -
/ e

% aggregated a-synuclein
:%;‘/,# reactive astrocyte/activated microglia /‘\9\,

/ ;% normal/activated enteric glia

(Mawe et al., Gastroenterology, 2022)

| o _—__r
enteric neuron | T

/ ingested toxins

changed microbiome

Age
Environment
Diet
Toxins

autophagy
apoptosis

-~ pyroptosis

mitophagy 3/

circulation

&

intestinal
lumen '

A EEC withGeuropod)

stem cell

|
{) goblet cell

%L tuft cell
¢

1) Disbiose e aumento da
permeabilidade intestinal

2) Entrada de patdgenos
para a circulacao sistémica

3) Resposta inflamatoéria

4) Mal enovelamento de
a-syn em neurdnios entéricos

5) Transporte da a-syn para
o SNC via nervo vago

6) Espalhamento de a-syn
no SNC

7) Neurodegeneracéao e
astrogliose reativa na SNpc



Doenca de Parkinson: toxicidade da a-sinucleina em multiplos sistemas

Neocortex
Forebrain %.
§

Substantia Nigra

S I 2 Age
brainstem N o ( \% 2:‘( | Environment
X B Diet - . ;
sormal " % @ WA L Expressado de a-sinucleina em

[
% vagal motoneuron

afferent vagus

QL T
S e @S
N ST S
< T 4
Vi A= =
J L e \_
]!
)
7 v
ﬂjr | b
7“ 7 { (
A\ ¥
N J
S \ /8
\, A P/
\‘ —

’;Z@ aggregated a-synuclein

%ﬁ/# reactive astrocyte/activated microglia

p //Fl{ normal/activated enteric glia

(Mawe et al, Gastroenterology, 2022)

células enteroendodcrinas no

duodeno humano

immune activation autophagy
apoptosis
@ pyroptosis
mitophagy

P -
s enteric neuron

vagal motoneuron

circulation

leaky barrier

-\,!};nfv‘

intestinal = . gm

bacterial products ® lumen Y
., % o i (Chandra et al, JCI Insight, 2017)
/ - ® A EEC with@europod)
w7 @ S
LS /' ingested toxins stem cell
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changed microbiome W tuft cell



Doenca de Parkinson: toxicidade da a-sinucleina em multiplos sistemas

Synuclein pathology

Clinical manifestations

: E(I:Icpucs coerlEus Bradykinesia, tremor, rigidity
* Amygdala RBD, hallucinations, dementia
° PPN Eyes, retina N Visual disturbances
Olfactory mucosa // \ Hvbosmia
Salivary glands % yp o lvation
Skin
N\ * Seborrhoea
Cardiac sympathetic nerve : %‘g’fj}g;?is
Liver \ Cardiac denervation
Pancreas
Adrenal gland

Gastrointestinal tract

Constipation

* |ncontinence

Genitourinary tract

* Sexual dysfunction

a-sinucleina como um potencial
biomarcador para DP

Brain 7 :
Ej Tears
Submandibular gland j
Saliva
Esophagus
Stomach

~ T} e u)j‘
Blood ¢ ‘ {\ }
o\t 15
b = Colon
Appendix il
7 5 asyn @ asSyn in Exosomes

(Magalhaes & Lashuel, NPJ Parkinsons Dis 2022;
Blesa et al., Nat Rev Neurosci. 2022)



Doenca de Parkinson: mecanismos celulares e moleculares

Toxicidade mediada pela a-sinucleina e espalhamento entre neurénios e células gliais

Mitochondrial

dysfunction
y b Diseased

ER stress

Oxidative/Nitrosative
stress

i

Lipids metabolisn VIL _________

< )
Wu-synuclein
toxicity

Altered homeostasis
of essential metals 7' T l

Autophagic/lysosomal

disruption Neuron Astrocyte Microglia

Aggregate spreading

Neurodegeneration Neuroinflammation

A |

(Lee et al. Nat. Rev. Neurol. 2020;
_l Mazzotta & Conte, Cells 2024)




Doenca de Parkinson: mecanismos celulares e moleculares

Injecao de oSO induz reatividade astrocitaria em camundongos

A 700 pmclsasoas dpi B
: Y+ G Morphological
' . L LA Biochemical analysis
>
Control aSO

m
)
a
=]

- ]
(%1 (=]
o o
1 1

—

(=]

o
1

GFAP Intensity
(% of Control)

(%1
o
1

o

Control ¢SO

 Reatividade astrocitaria
* Producdo de NO
y PrOdugao de citocinas (Diniz, Matias et al., J. Neurochem. 2019)



Doenca de Parkinson: mecanismos celulares e moleculares

Funcoes dos astrécitos: formacao sinaptica

Tripartite synapse
® Presynaptic neuron
Gln

Astrocyte

AQP4 ¥ H:0

Trophic factors
Synaptogenic factors

Postsynaptic neuron

: Astrocyte functions:

: Neurotransmitter regulation

: Synapse formation and plasticity
: lon and water homeostasis

: Neurovascular coupling

Astrocyte endfeet

(Cabral-Miranda, Matias e Gomes, Ageing Res Rev. 2024)

Healthy brain

o TGF-p1

Parkinsonian brain

Astrocyte reactivity
i Astrocyte synaptogenic capacity
7 r

/ // / !
W F |

SB-431542
TRR antagonist impairs
synapse formation

T Glutamatergic synapses

(Diniz, Matias et al., J. Neurochem. 2019)



Doenca de Parkinson: mecanismos celulares e moleculares

Funcgoes dos astrocitos: homeostase
glutamatérgica

Tripartite synapse
Presynaptic neuron

Astrocyte s

/ Trophic factors
| Synaptogenic factors
|

| Postsynaptic neuron

: Astrocyte functions:

: Neurotransmitter regulation

: Synapse formation and plasticity
:lon and water homeostasis

: Neurovascular coupling ] df
Astrocyte endfeet

(Cabral-Miranda, Matias e Gomes, Ageing Res Rev. 2024)
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« oSO aumenta GLAST e GLT-1
oSO induz aumento da captacao
de glutamato astrocitario

(Diniz et al., Neurochem. Int. 2020)



Doenca de Parkinson: as células gliais como alvos terapéuticos

Envolvimentos dos astrocitos em

Doencas Neurodegenerativas

OPEN
Cell Reports ACCESS
Cell

Maijor Shifts in Glial Regional Identity Are

a Transcriptional Hallmark of Human Brain Aging

Lilach Soreq,'? UK Brain Expression Consortium, North American Brain Expression Consortium, Jamie Rose,?

Eyal Soreq,* John Hardy,"5 Daniah Trabzuni,’* Mark R. Cookson,” Colin Smith,® Mina Ryten,'-? Rickie Patani,!+%5:810*
and Jernej Ule1:2.11.*

Huntington’s Parkinson’s

Alzheimer’s
Disease

Amyotrophic
Lateral
Sclerosis

16-44 years 45-74 years 74-106 years



Doenca de Parkinson: perspectivas terapéuticas

PBS VM-Astrocyte
p NAS RESEARCH ARTICLE NEUROSCIENCE uf® OPEN ACCESS = o -

Therapeutic functions of astrocytes to treat a-synuclein Assays f‘:’, i
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Wahyu Handoko Wibowo Darsono®<, Oh-Chan Kwon®<@, Mi-Yoon Chang®®, Sang Myun Park®®?@, and Sang-Hun Lee*®<?
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Doenca de Parkinson: perspectivas terapéuticas

AD _aaBEa Aging

y T HP, FC, TC
EC, HP \
/ Astrocyte hypertrophy
Early stage: y | _CE \ ~  depending on the region
% 1 * Astrocyte atrophy _ < A ' A GFAP levels
:@* ¥ GFAP levels - g —— Pro-inflammatory
._ ¥ Synaptogenic capacity ‘r . . WY %73\ ?phenotvpe | |
O \ ? Synaptogenic capacity
Latestage: . I N =R% ? Glutamate-glutamine
* Astrocyte hypertrophy (near & a |\ A 3R .’ cycle
plaques) T v 200\
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(/7 (distant from plaques) 9 | | } { R a ‘
' 4 GFAP levels EE L i WY PD
4 Pro-inflammatory phenotype Ny (Bl 4
{ Support of neuronal \ @l SN, DMV, OB
communication

Modulacao do fenétipo e funcao das células nuclein aggregates
. . , y ~ . vy
gliais como possivel estratégia terapéutica

para doencas neurodegenerativas associadas "
ao envelhecimento e

wyemsevmuruawrnug050Mal machinery
impairment

(Matias et al., Front. Aging Neurosci., 2019)
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