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Doencas Neurodegenerativas

Doencas caracterizadas pela perda progressiva e irreversivel de neurbnios no

sistema nervoso (as vezes em regides especificas) .
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Como ocorre a neurodegeneragao e por qué?

Toxinas Metabolismo Envelhecimento
Ambientais Neuronial Processos
i inflamatodrios

Radicais livres Vulnerabilidade
Estresse oxidativo <——"> seletiva de populagoes
Excitotoxicidade neuroniais

Alteracdes no Peroxidacdo AIteragées

DNA lipidica proteicas

Morte celular




Doencas Neurodegenerativas

Nao ha tratamentos disponiveis que evitem de modo
relevante a evolugao da neurodegeneracao ou evoluem para cura.

Qualidade de vida

Mortalidade vs Morbidade
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Doenca de Alzheimer

-8 a 15% da populagao mundial com mais de
65 anos;
-70% do conjunto das doeng¢as que afetam a

populagao geriatrica.

Early diagnosis Mild-to-moderate
Symptoms
Diagnosis

Loss of functional indepgndence

Behavioural pxoblems

Time (years)
Feldman and Gracon. The Natural History of Alzheimer's Disease. London: Martin Dunitz, 1996




Doenca de Alzheimer

= 1906: Alois Alzheimer “ enfermidade especifica do cortex
= Wttt Y cerebral”
£
) “He set a new standard for understanding neurodegenerative disorders by
”

establishing a close clinical relationship with his patients and using new scientific
tools to determine how symptoms related to physical brain changes.”

Reducdo do metabolismo Atrofia cortical
de glicose

Auguste Deter

-Atrofia do cortex cerebral, hipocampo, amigdala

- Reduc¢ao dos lobos frontal, parietal e temporal

Alteracdoes neuroanatdmicas




MINI-EXAME DO ESTADO MENTAL
(Folstein, Folstein & McHugh, 1.975)

Paciente:
Data da Avaliacao: Avaliador:

ORIENTACAO

« Dia da semana (1 ponto)

* Dia do més (1 ponto)

* Més (1 ponto)

* Ano (1 ponto)

* Hora aproximada (1 ponto)

* Local especifico (aposento ou setor) (1 ponto)
« InstituicGo (residéncia, hospital, clinica) (1 ponto)
 Bairro ou rua proxima (1 ponto)

¢ Cidade (1 ponto)

* Estado (1 ponto)

MEMORIA IMEDIATA
* Fale 3 palavras ndo relacionadas. Posteriormente
pergunte ao paciente pelas 3 palavras,. Dé 1 ponto
para cada resposta correta
Depois repita as palavras e certifique-se de que o pomente as aprendeu, pois mais
adiante voceé ir@ pergunta-las novamente.

ATENCAO E CALCULO

* (100 - 7) sucessivos, 5 vezes sucessivamente
(1 ponto para cada cdlculo correto)
(alternativamente, soletrar MUNDO de tras para frente)

EVOCACAO
* Pergunte pelas 3 palavras ditas anteriormente
(1 ponto por palavra)

LINGUAGEM

* Nomear um reldgio e uma caneta (2 pontos)

* Repetir "nem aqui, nem ali, nem &) (1 ponto)

« Comando: "pegue este papel com a mao direita
dobre ao meio e cologque no chao ( 3 ptos)

» Ler e obedecer: "feche os olhos" (1 ponto)

» Escrever uma frase (1 ponto)

¢ Copiar um desenho (1 ponto)

ESCORE: (___ /30)




Normal
Score 10

Mild

Cognitive
Impairment
(Numbers error
and
placement
of hands)
Score 8

Moderate
Cognitive
Impairment

Cognitive

Impairment




Doenca de Alzheimer
Fisiopatologia

*Emaranhados de neurofilamentos (Proteina Tau-
microtubulos) = hiperfosforilacdo)

Alzheimer's Brain Cells

Placas amiloides

l)— e
‘7.?) \ > *Placas de proteina B-amiléide > APP (amyloid
ki _ beta precursor protein- super expressao) =2
Balanco alpha e beta secretases.

Non-amyloidogenic Amyloidogenic %
N

Brain cell

s-APPa s-APPB

B- secretase
a-secretase —_—
-_—

p3

Normal mmwmmmimmmmv el ety

by kbt AALIUIA AR AALAILLIY 13dddd NI wmw PHIPISH

y-secretase y-secretase

C-83,C88
AICD (a-stubs) Cc-99 AICD

Emaranhados de (B-stubs)

neurofilamentos
(Tau fosforilada)

Csyiighl 2005 WebND Comomtion *Alelo APOE €4 (multiplas hipoteses): 76% dos
casos.
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Tau hyperphosphorylation

Reduced cerebral capillary blood flow
Synaptotoxicity

B Relationship between cerebral

amyloid and tau progression

Lateral Medial

Long and Holtzman, 2019




Alelo APOE €4

RISKY INHERITANCE

People who carry the gene variant APOE4 tend to develop Alzheimer's at a
younger age than those with two copies of APOE3.

m APOE 4/4-female
m APOE 4/4-male
= APOE 3/4-f
= APOE 3/4-m
-~ wm APOE 3/3-f
APOE 3/3-m

population still living
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Normal neurite Inhibited Dysfunctional
outgrowth neurite neuronal
outgrowth  network activity

Increased
hippocampal
neuronal activity

Decreased
GABAergic input

Increased
seizure activity

Long and Holtzman, 2019




Doenca de Alzheimer

A deposicdo e formagao da proteina Beta-amildide e dos emaranhados de neurofilamentos estao
diretamente correlacionados com a severidade de DA.

Synaptic/neuronal
function and density

AP deposition
(neuritic plaques)

Microglia and
astrocyte activation

e lau pathology
(NFT)

L 1
No disease CDR =0 CDR = 0.5 1 2

Preclinical AD Symptomatic AD

Onset of cognitive L
(~15-20 years) impalmit (~7-10 years)

DRI R )

Long and Holtzman, 2019




Doenca de Alzheimer

Caracteristica: perda de neuronios
colinérgicos?

THE LANCET, DECEMBER 25, 1976

Letters to the Editor

SELECTIVE LOSS OF CENTRAL CHOLINERGIC
NEURONS IN ALZHEIMER'’S DISEASE

THE LANCET, OCTOBER 15, 1977

CHOLINE IN ALZHEIMER’S DISEASE

Department of Perinatal Medicine,
Yale—New Haven Hospital,
New Haven, Connecticut, U.S.A.

THOMAS G. MATTHEWS
ZYGMUNT M. WILCZEK

Perinatal Intensive Care Unit,
Women's College Hospital,

Toronto, Canada ANDREW T, SHENNAN

TABLE I-——CHOLINE ACETYLASE (u mol/h/g WET WEIGHT)

Alzheimer’s

Controls % of control
Brain area (mean x s.E.M.) (10) C (mean)

Hippocampus | 0.7:0.2 E-ﬁﬁ

amygaa
Parietal cortcx
Sensory cortex
Occipital cortex
Frontal cortex

e B =W
404 14 14 4

POormon
ceoo g
Pt etk

Niveis de AchE!

VALUES FOR NEOCORTICAL BIOCHEMICAL MARKERS (IN % OF
CONTROL VALUES) IN TWO CASES OF PRESENILE DEMENTIA
WITHOUT HISTOLOGICAL EVIDENCE OF ALZHEIMER’S DISEASE

G.A.B.A. sysiem

Cholinergic system

Glutamate
| decarboxylase
activity

Choline
acetyltransferase
activity

(76-124*; n=T7)|(56-144*; n=11) [(75~125%; n=9) |(61-139*; n=8)

Alteracdes nao observadas em pacientes com outros tipos de deméncia senil




Doenca de Alzheimer e a neurotransmissao colinérgica: abordagem
farmacolégica

Jr‘lll;lllﬂ of

J Neural Transm (1986) 67: 275—285 Neural Transmission

Short N oteé

© bv Springer-Verlag 1986

Physostigmine Restores *H-Acetylcholine Efflux
from Alzheimer Brain Slices to Normal Level

Lena Nilsson', Agneta Nordberg', J. Hardy?,
P. Wester’, and B. Winblad’

Table 3. Effect of physostigmine 10~ and 10°M on °H release from control
and AD/SDAT brain slices at 20 minutes (pmol/g wet weight X minules)

Physo- Evoked
stigmine Basal 35mM K" release

Control
n=3 — 259+2.2 40.9+ 4.1 149+ 1.9
n=>5 107°M 28.6 8.9 41.0+7.9 123E£2.8°
n=4 10°*M 12.2+2.4** 91.4:£3.5* 92+23

AD/SDAT

343129 37.4£4.9 34%2.0
25170 34.0%+9.5 8.913.2
19.2+3.6% 346%3.1 15.4+0.7"*




Doenca de Alzheimer e a neurotransmissao colinérgica: mecanismos
neurobiolégicos.

C
Projecdes colinérgicas para o cortex e hipocampo, bt /;/r \\\\s

areas relacionadas com cognigao ' ;lyloa'o:‘m7 TTTLy —""\{

Fornix (to hippocampal formation) P3\
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Extracellular \\ L B-APP _\) \
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Senile plaque with microglial Neurofibrillary
activation tangles

Nucleus basalis

Basal

e il Medial septal nucleus

and nucleus of Cerebellum

diagonal band ~ Hippocampus .
(under the Pedunculopontine

| 4 Cognitive
surface) nucleus and laterodorsal AN and behavioral

; N '
tegmental nucleus 4 \N 4 / abnormalities
| - » euro- % 3 .

transmitter
deficit »

Neurotransmissao colinérgica: eventos plasticos no SNC




Doenca de Alzheimer e a neurotransmissao colinérgica: mecanismo?

Papel inibitorio da neurotrasmissao colinérgica sobre a ativacao da microglia

Normal sitvation

Systemic
Cholinergic |nh|bmon

: Restmg"mlcrogha of microglia

Activated microglia

Delirium of limited duration and severity

Gool e al., 2010. The Lancet

Old age, incipient neurodegenerative disease, or anticholinergic drug treatment

4

Systemic ey /

3 Reduced cholinergic "~
inhibition of microglia

infection

4 A
f o508
: S
TNFa —> TNFo W g W" +
\p \

. . p 1o . v l . ‘\& |
" Primed miuoglla‘ 1 —> Neurodegeneratnon

Overactavated microglia

\ 4

Severe, prolonged delirium Dementia




Doenca de Alzheimer

Abordagem farmacoldgica (aprovados na década de 90)

Inibidores da AchE:

P=0.004 P=0.04

Donepezil

Placebo
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Doenca de Alzheimer

*Abordagem farmacologica

Inibidores da AchE aumentam a sobrevida dos pacientes

CDR=2.0
n=104

No ChEi

Rivastigmine
Donepezil

Galantamine

0
Length of the Dementia Syndrome (years)




Doenca de Alzheimer

Abordagem farmacoldgica

Inibidores da AchE: Mecanismo de acao

Alzheimer’s Disease - AChElI

W

3

Neuron 3




Doenca de Alzheimer

Abordagem farmacologica

Inibidores da AchE:

- Tacrina: AchE e BUChE> N3o competitivo

- Donepezil: AchE 2 Nao competitivo

- Rivastigmina: AchE e BUChE-> N3ao competitivo

- Galantamina: AchE e BUuChE> Competitivo e age em receptores nicotinicos.




Doenca de Alzheimer

) Glia ".\ A
Envolvimento da oo
. . , . Neuron 1 ®V. 2\ © o2
Neurotransmissao glutamaterglca : @ }-_‘ * Neuron 3

>

Abordagem farmacoldgica




Doenca de Alzheimer

Abordagem farmacoldgica

A Memantina

Improvement

o)
=
[}
%)
G
M
-
&)
L=
o)
o)
c
W
e
O
-
@
o)
=

Worsening

Baseline 4

End Point
(LOCF)




Doenca de Alzheimer

Abordagem farmacologica

Mecanismo de acao da Memantina: antagonista nao competitivo de receptores NMDA

Glutamate or

A intensidade do
bloqueio do receptor
NMDA pela memantina
e a presenca do
agonista (glutamato).
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Mecanismo de acao
da Memantina:
Receptores extra-
sinapticos.

Presynaptic
o () neuron
o

© Clutamate release

O \

_ NR2A
Synaptic AA
NMDARs 4 I

-

NR2A
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Recruitment .
of kinases

NR2B 4’; ./
o7/
[

Phosphorylated
T CRER

! '
9ro-surviv fitochondr
athways sfunction

Cell death

Extrasynaptic
NMDARs

Tryptophan

QA-
generating
enzymes

NRZA
~ A

‘vlv Microglial cell

Trafficking of
NMDARs

NR2B

T
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NR2B N
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Doenca de Alzheimer

Abordagem farmacologica

Mecanismo de acao da Memantina: antagonista nao competitivo de receptores NMDA

Alzheimer’'s Disease - Memantine

Glia X

Neuron 1

Blogueio preferencial da atividade excessiva extra sinaptica dos receptores NMDA




Doenca de Alzheimer

Abordagem farmacologica

Combinacao de tratamentos

Alzheimer’'s Disease - Memantine and AChEl




Doenca de Alzheimer

Abordagem farmacologica

Como escolher o melhor tratamento?

Table 2. Efficacy of Cholinesterase Inhibitors and Memantine on the Behavioral Symptoms of Patients with Alzheimer’s
Disease: Results from Randomized, Placebo-Controlled Trials That Used the Neuropsychiatric Inventory Scale

Study Maximum Mean Baseline NPI Score
Duration Baseline Dosage Treatment Placebo
Drug (mo) Disease Stage MMSE Score (mg/day) Group Group

Cholinesterase
inhibitors
Donepezil+9 ) Mild to moderate 14.3
salantamine’ lild to moderate ) 2.
Galant 73 Mild t lerat 12.4
11.9
Donepezil* ) Moderate to severe ] 19.6
Donepezil* ) Mild to severe; ' 21.0
nursing home study
Donepezil® Severe; nursing home study 19.0

Memantine
Memantine®® ) Mild to moderate 2 11.5
Donepezil + ) Moderate to severe 2 13.4

memantine®
Memantine® 7 Moderate to severe 3-14 2 21.4 19.5
MMSE = Mini-Mental State Examination; NPI = Neuropsychiatric Inventory; SEM = standard error of the mean; NS = not statistically

¥ s T e




Alzheimer's & Dementia: Translational

Research & Clinical Interventions
Volume 5, 2019, Pages 272-293

Featured Article

Alzheimer's disease drug development
pipeline: 2019

Jeffrey Cummings * ® & B, Garam Lee °, Aaron Ritter °, Marwan Sabbagh °, Kate Zhong ©
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Table 1. Discontinued Phase 3 Disease-Modifying Drug Trials in AD, Excluding ChEIl and Memantine Trials

Drug (Study
Name)

Study Population

Target/Mechanism

Type of
Molecule

Outcome

ClinicalTrials.gov

NCT Identifier

Reference

Bapinezumab

Solanezumab
(EXPEDITION-1,
2 and 3)

Crenezumab
(CREAD-1/2)

Aducanumab
(ENGAGE;
EMERGE)

AN-1792

Semagacestat
(IDENTITY-1/2)

Tarenflurbil

CNP520
(Umibecestat)
(APl Generation)

Lanabecestat
(AMARANTH;

DAYBREAK-ALZ)

Atabecestat

Mild-to-moderate AD

Mild-to-moderate
AD; mild AD

very-mild-to-mild
AD with amyloid
positive biomarkers

Mild AD

Mild-to-moderate AD

Mild-to-moderate AD

Mild AD

Cognitively normal
APOE ¢4/ 4
carriers

Very-mild-to-mild AD

Soluble and
fibrillar AB

Soluble monomeric

AB

Oligomeric, fibrillar
and plaque-based

AB
Conformation-
specific Ap
aggregates

Active
immunization

y-secretase
inhibitor

y-secretase

modulator
BACE1 inhibitor

BACE1 inhibitor

Preclinical AD; positive BACE1 inhibitor

amyloid, normal
cognition

Monoclonal
antibody
Monoclonal
antibody

Monoclonal
antibody

Monoclonal
Antibody

Full-length Ap42
immunogen

Small molecule

Small molecule

Small molecule

Small molecule

Small molecule

No effect on cognition
or ADL

No effect on cognition
or ADL

No effect on cognition
or ADL on preliminary
analysis

No change in rate of
cognitive decline

Trial halted due to
development of
meningoencephalitis
in 4 patients

No effect on cognition
or ADL; increased

risk of skin cancer

No effect on cognition
or ADL

Worse cognitive
performance, weight
loss

No effect on cognition
or ADL

Worse performance
on some cognitive
tests; in some cases,

NCTO00575055
NCT00574132

NCTO00905372
NCTO00904683

NCTO03114657

NCT03639987

NCT00021723

NCT01035138
NCT00594568

NCTO00105547

NCT03131453
NCT02565511

NCT02783573
NCT02245737

NCT02569398

(Salloway et al.,
2014)

(Doody et al.,
2014; Honig
et al., 2018)

(Selkoe, 2019)

(Doody et al.,
2013)

(Green et al.,
2009)

(Lopez Lopez
et al., 2019)

(Henley et al.,
2019)




Doenca de Alzheimer

Outros sintomas além dos cognitivos: Sindrome Comportamental

Agitation

Diurnal
rhythm

Depression B | Irritability

Social

withdrawal

(o)}
o

5 . . Wandering

. Aggression

I
o

Mood
Paranoia . change l Hallucinations

. Anxiety . . Socially unacceptable

Suicidal Accusatory. . Delusions
ideation ! B sexually inappropriate
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-20 -10 0 10 20
Months Before and After Diagnosis

Antipsicoticos atipicos (aumentam risco de AVE- afinidade por receptors alpha-2
adrenérgicos e Muscarinicos do tipo 1- M1 ??);

antidepressivos, carbamazepine.




Esclerose Multipla

 Aincidéncia mundial é de 2,5 milhdes de pessoas;

e Brasil : prevaléncia média é de aproximadamente 15
casos/100.000 habitantes = Sul e Sudeste.

60-100
20-60
5-20
0-5

Sem informacao

Causas?
*Ambientais (climas mais frios), infecciosas (Sarampo, Clamidia,
herpes virus, Epstein-Barr), genéticos.

Myelin degeneration
of the brain

Myelin degeneration
‘/ of the spinal cord

FADAM.

Mais prevalente em
mulheres e adultos
jovens.




Esclerose Multipla

*Doenca autoimmune

Producao de auto-anticorpos contra a mielina produzida

pelos oligodendrdcitos - # Células de Schwann.

Genome Exogenous i

Autoimmunity
genes

~ Migration

/ to the CNS

Cross-reactivity in
the periphery

Normal neuron

Cell body

Myelin Nenve fibre
[ (axon)

Demyelination in MS

Passage of messages along the axon

Damaged myelin
(demyedination)

\
\
\
\
1
\

-—-.\_/-';

Distorted messages




Esclerose Multipla

Mecanismo: Imunidade inata e adaptativa

_Linfécitos T no SNC -
secretam citocinas + células
apresentadoras de antigenos
—> oligodendraocitos;

_Células B (plasmaticas)
produzem auto-anticorpos
(contra mielina);

__astrocitos—> integridade
BHE.

Venular
endothelium

: Neuron
Peri ascular

Microglial
_cell

l b
Release of

osteopontin,

: Osteopontin | |
oB crystallin

Astrocyte Damage

Myelin sheath

—Axon

o | |1L-23 and IFNy
\\ \,
@R At

' .
a || cell re-entry : Oligodendrocyte

o into circulation N
integrin

MHC

class Il
vy

— ﬂ‘
o)
»'\O =50
Adhesion and - /

. | penetration of
the blood-brain
barrier

Corﬁplement

Plasma cell

Myelin

Osteopontin fragment

Blood O_l CNS

Expressao de receptores de integrinas reconhecido pela BHE.




Esclerose Multipla

Sintomas
Principais sintomas da

Esclerose multipla

Similar a varias patologias 2>
Dificuldade no diagnéstico (testes sanguineos) Central:

- Cansago Visao: TS
- Degeneréncia - Nistagmo X g

Principais sinais para o diagnostico:

cognitiva
- Depresséao
- Alteracdes de

- Neurite Optica
- Diplopia

| dubs

~

Bandas oligoclonais (LICOR);

Doenca multifocal de substancia branca no

cérebro e na medula espinhal (Vistos através

de exames de ressonancia magnética)

abnormal

- =
-= =

Oligoclonal Oligoclonal
Bands{ ‘ Bands { ” ‘

absent present

CSF  Plasma CSF  Plasma

h Fala: :
mor - . \
umo - Disartria \¥

Garganta-——————
- Disfagia

Musculo-esqueleto:®
- Astenia

- Espamos

- Ataxia

Sensorial:

- Dor

- Hipestesia
- Paraestesia

Intestino:
- Diarreia ou
constipacao

fl
I

Urinario:

- Incontinéncia

- Micgéao frequente
ou retencao




How multiple sclerosis progresses

The Expanded Disability Status Scale (EDSS) is a method of quantifying disability in multiple sclerosis and
monitoring changes over time. It is widely used in clinical trials and in the assessment of people with MS.

A ) -
.

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 9.0 95 10

T T I I I

1.0 No disabili- 3.0 Moderate disabil- 5.0 Disability 6.0 Requiresa 7.5 Unable to 9.0 Confined 10 Death
ty, minimal ity in one system, or severe enoughto  walking aid, take more than a to bed. Can by MS.
signs of MS. mild disability in up to impair full daily cane, crutch, few steps. Re- still commu-

4 systems. activities. Ableto  etc. - to walk stricted to nicate and

No impairment to walk without aid 100m. wheelchair. eat.

walking. for 200m.

Vox

SOURCE: mstrust.org.uk




Esclerose Multipla

Aumento da ativagao da microglia em pacientes com diagnoéstico de esclerose
multipla

MS Patient Healthy Control

Detecgao da proteina translocadora 18 kDa - relacionada com a producao de citocinas pro-
inflamatorias e da ativacdo da micrdglia

Ill

Sistema Nervoso Central “mais inflamado???

Politis et al. 2012 Frontiers in Pharmacology




Treat early

Later

treatment Later

intervention

Treatment

at diagnosis Intervention

at diagnosis

Disability

?

Disease
Onset




First, Second and Third Line Therapies

Autologous stem

FX cell transplantation
Alemtuzumab e

Natalizumab
' O Mitoxantrone

JC neg Natalizumab

JC+
Rituximab /

oC rehzumat.
Dimethy! ‘

E
fumarate ingolimod _
O Daclizumab

Laquinimod
Glatiramer ‘ Second line

O ©'eml@rmde O First line

Interferon-bela

-
o
(48]
O
=
@
(]
=
)
©
@
| -
(&
| -

Increasing burden of treatment
(worse safety, more difficult administration)




Esclerose Multipla

Tratamentos farmacoldgicos (Primeira linha)

IntereferonB-1a (Avonex®- I.M); Intereferonp-1b (Betaseron®) (S.C)

Mecanismos: EVECEAEME}—

o
MMPs og o%\

Inibicao da diapedese e das das
metalloproteinases (degradam matriz
extracelular=> quebra da BHE.

Endothelial
cells

Reduced BBB penetration




Esclerose Multipla

Tratamentos farmacoldgicos (Primeira linha)

IntereferonB-1a (Avonex®- I.M.); IntereferonB-1b (Betaseron®)

(S.C.)
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0.70

0.65

At risk (N)

HR=0.560 (95% CI=0.333-0.943)
39.3% reduction in mortality
(Kaplan-Meier estimate at LTF)
Log-rank, P=0.0272

10 15
Time (Years)

IFNB-1b 250 pg 124 124 121 117
Placebo 123 120 117 109

— 250 pg
Placebo Varios efeitos adversos:
Necrose cutanea
Leucopenia

J funcao hepatica

Risco de aparecimentos de
transtornos
neuropsiquiatricos.
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Intereferonf-1a (Avonex®); IntereferonB-1b (Betaseron®) (1.M.)

Efeitos adversos importantes

O tratamento crénico com IFN-alpha promove alteracées de humor, fadiga, halucinacdes.

Overall AEs

Depression

Arthralgia

Myalgia

Pyrexia

Injection-related reaction
Influenza-like illines
Chills

Gamma-glutamyltranferase increased

Hepatic enzyme increased
Alanine aminotransferase increased
Hypertension

Bronchitis

Higher with INFB-1a IM !

0.004 0.016 0.063 0.250

INFB-1a IM (n=431)

Adaptado de Fazekas et al., 2013

Relative risk with 95% CI

16 64
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Acetato de glatiramer (Copaxone ®) S.C.

Mistura de polipeptideos sintéticos (4aa, proteina bdsica de mielina)
Compete com os fragmentos de mielina=> MHC de classe |l

Shift TH1-> Th2 (IL-10: anti-inflamtdria)

Producdo de neurotrofinas neuroprotetoras = Fator neurotroéfico do cérebro (BDNF)

Glatiramer
acetate

' Inhibition of monocy ctivity :
and induction of type onocytes = ﬁ:)’_d
Local or recruited APC
Glatiramer ¥
Induction of \ acetate-specif (_':;-; Loxal release of
Th2 Tcells — D4Th2cell o c_f’ @ anti-inflammatory factors
: \ =} o

Induction of
type-2 microglia

Induction of

Induction of type-2
Th2 T cells

2 monocyte monocytes Glatiramer-acetate-
specific (D4 Th2 cell

f2) = < = Glatiramer-acetate-specific
: CDB-positive T cell

¥ Glatiramer acetat M Glatiamer acetate

LF Myelin antigen viatiramer-acetate-re ﬁ Myelin antigen




Dimethyl Fumarate Mechanism of Action

Oxidative
stress

Anti-inflammatory/
antioxidant activity

Dubey D, et al. Expert Rev Neurother. 2015;15:339-346.




concelos et al., 2019
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Vasconcelos et al., 2019
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Teriflunomida (Aubagio®)-> V.O

FDA: 2012 B b v
Inibe a proliferacao
dos linfocitos=>
menor dano ao SNC.
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Number at Risk
Placebo 388

7mg AUBAGIO 406 375
14mg AUBAGIO 370 340

—(21.1%)

(19.7%)

(15.8%)*
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Fingolimod - V.O

Lymph node

Myelin-specific T cells @
(' Fingolimod 0 Leukocytes
CNS invasion @

Astrocyte © |L-17R-Actl

o i Second wave
Astrogliosis % recruitment

e T/‘{ Clonal expansion, T cell-mediated relapses and EAE disease

differentiation into progression:

effectors
1t Demyelination

Neurodegeneration
Axonal/neuronalloss

Periphery
BBB

CNS
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Higher with INFR-1a IM
B —

Depression

Arthralgia

Myalgia

Pyrexia

Injection-related reaction
Influenza-like ilines

Chills

Gamma-glutamyltranferase increased

Hepatic enzyme increased
Alanine aminotransferase increased
Hypertension

Bronchitis

0.004 0.016 0.063 0.250 16 64
Relative risk with 95% ClI

INFR-1a IM (n=431)




Esclerose Multipla (Remitente e Recorrente)

The NEW ENGLAND JOURNAL of MEDICINE

Tysabri®

CLINICAL THERAPEUTICS

“Segunda linha” Natalizumab|for Multiple Sclerosis

Richard M. Ransohoff, M.D.

. Table 1 | 13-Month clinical endpoints in Study 1 (monotherapy stud
Anticorpo | e yil i v

monoclonal
humanizado

Clinical endpoints Tysabri, n = 627 Placebo, n = 315
Annualized relapse rate’ 0.25 0.74

Percentage of patients remaining 6%
relapse-free

*Relative reduction = 66%.

Table 3 | 13-Month clinical endpoints in Study 2 (add-on study)

Clinical endpoints Tysabri plus Avonex, Placebo plus Avonex,
n =589 n =582

Annualized relapse rate” 0.36 0.78

Percentage of patients 67% 46%
remaining relapse-free

*Relative reduction = 54%.

Reduz a probabilidade de surtos e a progressao da incapacidade
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Natalizumab = Mecanismo

Anticorpo contra os receptores de
integrinas a4f1
Inibe a adesao e a diapedese

SS1=" Adhesionand A~ N Mﬁl

—1] penetration of the | A fragment—c¥\ ) N
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\ /’ .‘\‘ —

Antigen-presenting cell

~ A\
- blood-brain barrier u MHC .;{3.) T { ;
a4fil class Il p N Myelin Dainage
} & Y } sheath

A\
- | )
(.\ ‘\ - / v’l

Olia;aa-s;ﬁdro-
glial cell CNS

infiltration
and brain
inflammation

xssel lumen

Reduced
leukocyte
infiltration
and brain
inflammation




First, Second and Third Line Therapies

Autologous stem

X cell transplantation
Alemtuzumab e

Natalizumab
- O fitoxantrone

JC neg atalizumat

JC+
Rituximab /

ocC rehzumat’
Dimethy! ‘

E
fumarate ingolimod

O Daclizumab
Laquinimeod
Glatiramer ‘ Second line

O ©’enﬂ9mxde O First line

Interferon-beta
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Increasing burden of treatment
(worse safety, more difficult administration)

John Cunningham virus = Progressive Multifocal Leukoencephalopathy (PML)
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[Alcmtuzumab Natalizumab ] [ Natalizumab ]

(JCV+) (JCv-)

Daclizumab

Dimethyl
Fingolimod fumarate
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Legend

[Tcriﬂunomldc]
ABCRs

>
Less / Later SAFETY/ USE More/ Earlier

ABCRs: Avonex, Betaseron, Copaxone




Table 1. FDA-Approved Agents for Treatment of MS

Drug (Brand) Dosage Route Frequency Mechanism of Action
inerferon beta-1a (Avonex) 30 meg I\ 1x Wk Enhances immune call activities; unknown in MS

Inerferon beta-1a Intial: 8.8 meg; increase 10 SC 3x wk Enhances immune cail activities; unknown in MS
(Rebif) farget: 22 mcg or 44 mcg

Inerferon beta-1b It 0.0625 mg; increase 0 Every other day Enhances immune call activities; unknown in MS
(Betaseron) Target: 0.25 mq (8 milion units)

Glatiramer acetate 20 mg Daily Induces and activates T-lymphocyte
(Copaxone) suppressor cells

Mitcocantrone (Novantrone) 12 mg/'m¢ Every 3 mo Immuncsuppressant

Natalizumab (Tysabri) 300 mg Every 4 wk Selective adhesion molecule inhibitor
Fngolimod (Gilenya) 0.5mg Daily S1PR receptor modulator




Lymph node

FTY720

CDS2 ﬂ

Alemtuzumab

Daclizumab

Rituximab

CD25

Periphery

' v/})\ }:CVCAM

ﬁw

Laquummod

" .
Fumaric acid

et

TRENDS in Pharmacological Sciences
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Tratamentos sintomaticos: Espasmos

Sativex® = 50% THC + 50% CBD

Mean & 95% C.1. by week

ity score: changes from baseline

—— GW-1000-02 -- e --Placebo

NRS spasti

Week 6/End

of treatment

Uso aprovado: Reino Unido, Espanha, Canada

Gabapentina ({, glutamato terminais pre-sinapticos), Baclofen (GABAb- nivel medular),




Doenca de Huntington

- Disfuncdes motoras (coreia)

e - Prejuizo cogpnitivo (estagio avancado)
,  disease - Alteragdes emocionais

AN
e, ;;"j //

Middle-aged person: i .

mental deterioration, -Manifesta-se na vida adulta
grimacing, choreiform

movements

Premanifest Motor diagnosis Manifest

Functional Motor impairment
abilities

L

"
\. -
\ ™
N %,
. “ \
\\

-

, Cognitive impairment
and/or dementia
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— Chorea

Signs and symptoms (%)

O - -
Presymptomatic Prodromal  Early Moderate Advanced

Clinical stages

Age (years)

Iypical adult onset
CAP score 4

100
(normalized)

Nature Reviews | Disease Primers



Doencga de Huntington

1860: Johan Christian Lund

1872: On Chorea (Chorea = latim: grupo de danca, coral)

1993:

The Huntington’s Disease Collaborative Research Group. A novel gene containing a
trinucleotide repeat that is expanded and unstable on Huntington’s disease
chromosomes. Cell. 1993;72:971-983.




Doenca de Huntington

1993: Gene alterado codifica uma proteina (muta¢do IT15-> Huntingtina)

que favorece apoptose e excitotoxicidade.

Funcgoes bioldgicas da huntingtina permanecem pouco conhecidas

Fator Hereditario (antecipacao: manifestacao dos sintomas 20 anos - pai).
Repeticoes CAG (triplets)

CAGCAGCAG... 10-28 epedts

Triplet Repeat
A

Huntington's Disease Gene
37-8(

CAGCAGCAGCAGCAGCAGCAGCAGCAG... | 5750 cenents




Doenca de Huntington

(a) Control (b) Patient with Huntington’s disease

IS \l/ t a m a n h O d O n L:l C | e O C a u d a d O e d O Caudate nucleus Putamen Lateral ventricles

cortex cerebral.

- I neurdnios GABAérgicos estriatais —=2

hiperatividade dopaminérgica.

AS nerve celis in the striatlum die in the
course of HD, the internal globus palli-
dus (IGP) no longer receives as many
neurolransmitters as it did before. The
IGP interprets the lower quantity of
incoming neurotransmitters as less in-
hibition, which means it then releases
more neurotransmitters than usual
‘Downstream” from the IGP, the thal-

: amus then receives an unusual num-
Thalamus ighibited Stn:tupmae\gate ber of neurotransmitters, making it

more inhibited. The greater inhibition

of the thalamus causes it o release
fewer neurotransmitter molecules to
the motor cortex. The net effect of the
direct pathway, then, is to understimu-
late the motor cortex, resulting in
slower-than-usual general movement
in PHD's
Subthalamic =~ Excitation
Nuclei (STN) = Inhibition

ot ==+ Pathway damaged by HD
kl;‘all m sG(IGP)?' BN Many neurotransmitters released
- Fewer neurotransmitters released

External Globus
Pallidus (EGP)

& Part of the Basal Ganglia
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Doenca de Huntington

Percentage of remaining tissue

Premanifest gene carriers Transition period Manifest Huntington's Disease




Tratamento

Doenca de Huntington

Nao ha cura, apenas a diminuigao de alguns sintomas, tais como a Corea.

Tetrabenazina
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----Placebo — Tetrabenazine Washout

7 8
Study Week

10 11 12 13 14




Doenca de Huntington

Figure 1. Putative mechanism of action of TBZ.

Presynaptic 2. Presynaptic
Nerve Terminal Nerve Terminal

Tetrabenazina

Vacuole Vacuole

tetrabenazine

VMA

Mecanismo de acao nao * G
esta completamente
elucidado.

D, Receptor D, Receptor
Inibidor
reversivel do
transportador
vesicular 2 de
dopamina!

Efeitos colaterais
Hipotensao postural
e Depressao Grave (risco —
de suicidio) Nerve Terminal

TBZ, an MA depletor, may have multiple actions within the CNS. Pars 1 (lefs): DA is recovered from the synapse by the DAT, followed
by ransport of DA and other NTs into vesicles for storage by the human MA VMAT2. Part 2 (right): Depletion of brain MAs via
inhibition of vesicular NT stovage (armow A) is one mechanism by which TBZ exerss its physiologic effecss. TBZ depletes MA stores by
reversible inhibition of VMAT, thus interfering with vesicular storage of MAs within the presynapric nerve terminal. TBZ also has
demonstrated weak antagonist activity at DA D, receptors in vitro (armow B).

Postsynaptic
Nerve Terminal

TBZ: tetrabenazine; VMAT2: vesicular monoamine transporser 2; DA: dopamine; DAT: DA sransporter; MA: monoamine;
CNS: cenrral nervous syssem; NT: neurotransmizzer.
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Safety and efficacy of pridopidine in patients with
Huntington’s disease (PRIDE-HD): a phase 2, randomised,
placebo-controlled, multicentre, dose-ranging study

Ralf Reilmann®, Andrew McGarry®, Igor D Grachev, Juha-Matti Savola, Beth Borowsky, Eli Eyal, Nicholas Gross, Douglas Langbehn,
Robin Schubert, Anna Teige Wickenberg, Spyros Papapetropoulos, Michael Hayden, Ferdinando Squitieri, Karl Kieburtz,
G Bernhard Landwehrmeyer, on behalf of the European Huntington's Disease Network and the Huntington Study Group investigators?

+- Placebo
—&- 45 mg BID
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Time since randomisation (weeks)

“Pridopidine did not improve the UHDRS-TMS at week 26 compared with placebo and,
thus, the results of secondary or tertiary analyses in previous trials were not replicated. A
potentially strong placebo effect needs to be ruled out in future studies.”




Table 1

Summary of clinical trials of pridopidine in Huntington Disease

Scandinavian study36

MermaiHD37

HART38

Study design
Study
duration
Demographics
Treatment

groups

Primary

outcome

Additional

outcomes

Double-blind, placebo-controlled

4 weeks

58 patients from Scandinavia
Pridopidine 50 mg/day

Placebo

Change from baseline in weighted
cognitive score based on Symbol Digit
Modalities, verbal fluency, and Stroop
(3 items) tests

Change in UHDRS motor scores
Reitan Trail-Making Test A

Leeds Sleep Evaluation Questionnaire
HADS

CGI-C

Double-blind, placebo-controlled
26 weeks

437 patients from Europe
Pridopidine 45 mg/day
Pridopidine 90 mg/day

Placebo

Change from baseline to Week 26 in the mMS

UHDRS-TMS

UHDRS motor scale subscores
UHDRS cognitive scales
UHDRS functional score
UHDRS independence scale
HADS

CGI-C

CGI-I

Double-blind, placebo-controlled
12 weeks

228 patients from USA and Canada
Pridopidine 20 mg/day

Pridopidine 45 mg/day

Pridopidine 90 mg/day

Placebo

Change from baseline to Week 12 in the mMS

UHDRS-TMS

UHDRS motor scale subscores
UHDRS cognitive scales
UHDRS functional score
HADS

CGI-C

Results

No significant difference in change in
weighted cognitive scores

Significant improvement of gait in
pridopidine treated-patients
Significant improvement of m-

UHDRS scores but only in patients

No effect with pridopidine 45 mg/day

Trend toward improvement of the mMS with pridopidine
90 mg/day (-0.99; P=0.042)

Strongly significant improvement of the UHDRS-TMS
(P=0.004) and the motor subscores of dystonia
(P=0.001), hand movements (P=0.015), and equilibrium

No effect with pridopidine 20 or 45 mg/day

Trend toward improvement of the mMS (—1.2;

P=0.08), UHDRS-TMS (—2.8; P=0.04) and motor

subscores of hand movements and equilibrium with

pridopidine 90 mg/day




Doenca de Huntington

Lack of initiative
Poor judgement
Poor self-care
Blunting of affect
Self-centredness
Inflexibility
Irritability
Aggression
Anxiety
Depressed mood
Compulsions
Hypersexuality

20 40 60 80 100
Present, %

Em Frequency of behavioural changes in Huntington’s disease (Craufurd 2002: p. 84.
Reproduced with permission of Oxford University Press).

Outros tratamentos (N3o sdo consenso)

Riluzole (glutamato), amantadina (glutamato), clozapine (antipsicéticos- Parkinsonismo),
antidepressivos (monoaminas)




O papel de abordagens nao farmacologicas

Prevencao de perdas cognitivas- atencao psicosocial

Estimulo a recuperacao de autonomia nas atividades diarias- fisioterapia; terapia
ocupacional

[ Life milestone Finishes school; Marriage | Startsafamily\ Unable to work | l Death |
gets a job ; il i i ‘ ‘ J

[ Disease milestone

Predictive Affected Awareness Diagnosis Requires
Parent diagnosed testing parent dies | | of symptoms 24-hour care

Vv Voo

~— Physical health

— Psychological health

— Level of independence
Social relationships

— Environment

Quality of life

Spiritual-religious well-being

5 10 15 20 25 30
Age (years)

Paciente com D.Huntington stureRiodiows | Disense Pilres




O papel de abordagens nao farmacologicas
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