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Fobb betegsegek

ALS
Transthyretin familialis amyloid neuropathia
SMA
Huntington-kor

Alzheimer-kor



ALS

¢ "Gold Coast,, kritériumok:

& Progressziv fels6 €és alsd6 motoneuron tiinetek, eltérések egy végtagon, vagy testrészen

VAGY
& Progressziv als6 motoneuron tiinetek ¢s elterések legalabb ket végtagon vagy testrészen
ES
& Egyeb betegségekre utalod elektrophysiologiai, képalkotoi és patologial evidenciak hianya, amelyek az
also és/vagy fels6 motoneuron tiineteket magyarazhatjak

® 2-5 éven belill haldlos, 1égzési elégtelenseg

& Prevalencia: 5/100.000

¢ Tobb mint 80 klinikai vizsgalat soran 2 molekula volt eddig hatékony: riluzole (glutamat antagonista) +
edaravone (antioxidans €s szabadgyOk scavanger) — excitotoxicitas, oxidativ stressz



ALS genetika

& Az esetek 10%-a herediter
¢ 120 gén
¢ Legfontosabbak:
& SODI (superoxide dismutase-1)
& CY9orf72 (G4C2 expanzio)
& TARDBP (TDP-43 ko6dold gén)
¢ FUS (fused in sarcoma)
¢ ATXN2 (ataxin-2) CAG nukleotid expanzio



ALS (gen)terapia

SOD1:
¢ Toxikus funkcionyeréses mutacio, ami a SOD1 misfolded proteinek lerakodasahoz vezet
¢ 150 kiilonb6z6é mutacio, de a leggyakoribb a G93A

& BIIB067/Tofersen Fazis 3: NCT02623699, extension study: NCT03070119
& Sorozatos LP 12 héten keresztiil, ALSFRS romlas lecsokken

¢ AAVrh10 ASO kifejlesztése folyamatban

C9orf72:

¢ Hexanukleotid repeat expanzio6 elleni ASO — fazis 1

Neurotrop faktorok szintjének novelése:
¢ AVV -IGF1, GDNF, DOK7
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able 1. Gene therapy-based therapeutic strategies for ALS

Crene therapy Date Model Route Outcome Citation

Antisense oligonucleotides

2006 rat NHP SOD19%4 Lcw. (rat), it. (NHP) increased survival; good biodistribution in NHP Smith et al.™

2013 human 50D1-ALS phase | Lt safe; no benefit Miller etal.””

SOD1 2017 mouse S0D1%* Lo, + Lv. increased survival, strength, and weight Biferi et al.

2020 human S0D1-ALS phase I/TI LL. safe; reduced CSF 5OD1 Miller et al.™

) ClinicalTrials gov:
current human 50D1-AL% LL. TED ,me Fras gov
NCTO2623699

reduced nuclear RN A fod and excitotoxicity;

2013 human iPSC C9-ALS Donnelly et al.””

reversed aberrant gene expression

reduced nuclear RN A fod and excitotoxicity;

- |
) Sareen et al.
reversed aberrant gene expression

2013 human iP5C C9-ALS

reduced nuclear RN A foci; persistent aberrant

(9orfr2 human iPSC C9- ALS; mouse [WT) . . .
expression; safe in mice

Lagier-Tourenne et al.”

sustained reduction in nudear RNA foci and DPRs

, . : Jiang et al.™
in motor neurons; cognitive benefit Hang

mouse 9,5

ClinicalTrials gov:

- AT & . .
current hunan C9-ALS phase | .t TBLC NCT03626012

Y e 2 TA e e |-
2m7z mouse hTDP-43 Lev. F'EjULEIjE';‘Ltl[.'It_ mRNA; increased survival; Becker et al.™
improved gai

reduced nuclear RN A fod and excitotoxicity;

2018 human iPSC C9-ALS
reversed aberrant gene expression

Zhang et al.”

ClinicalTrials gov:

- YNZ-ALS & ic ALS _ .
Current human ATXN2-ALS & sporadic ALS phase | TBL NCT04494756

209 human FUS-ALS Lt patient passed; further clinical data not reported Arnold™

human FUS-ALS Lt Figueiredo”




AAV-mediated gene silencing

Amado et al. 2021

AAV-RINAI

S0D1

mouse S0D1%** & SOD1%%R, NHP

iv. (mice), i.t. (NHP)

increased survival, decreasing with age of
administeation; reduced SODI mBNA in NHP
spinal cord

Foust et al.' ™

rat SO0 ¥4

delayed disease onset and increased survival;
preserved motor function

Thomsen et al,'**

mouse SOD1%

increased survival; delayed paralysis; increase in
MOotor Neurons

Stoica et al.'"”

mouse SOD1™

Lv. (mice), Lt. (WHP)

delayed onset; increased survival; preserved motor
and respiratory function in mice; reduced SOD1
mBENA in NHP spinal cord

Borel etal.'”

2018

NHP

Lt

reduced SODI mBNA in spinal cord

Borel etal.'”

2019

mouse SOD1%*

tongue, subplural

increased survival; lowered SODI mRNA in
muscle, tongue, and diaphragm

Keeler et al.'*”

Date

Model

Route

Outcome

Citation

2020

human S0D1-ALS phase |

possible clinical stabilization in 1 patient; lowered
spinal cord 50D1 in second, with DRG toxicity and
no clear clinical benefit

Mueller et al.'**

2020

mouse SOD1™™; pig; NHP

lumbar subpial

stopped disease progression in mice; strong LMN
targeting in large animals

Bravo-Hernandez et al.™”

C9orfr2

2015

human IPSC C9-ALS

marked reduction in nudear foci

Huetal'™

2017

human iPSC C9-ALS

marked reduction in nuclear foci

Huetal.'™

2019

((34C2)44 cells; human iPSC C9-FTD

reduced nudlear foci; silenced C9rf72 in iPSC

Martier et al.'*

2019

human (P5C C9-FTD; mouse Coorf72 3

stratum

reduced nudlear foci in iPSCs, reduced C90rf72
mRNA in mouse striatum

Martier et al."™




AAV-CRISPR

Amado et al. 2021

mouse SOD1

increased survival and strength with decreased
S0D1 protein in spinal cord

Gaj et al."*"

2020

mouse SOD1%4

increased survival and strength with decreased
S0D1 protein in spinal cord

Duan et al.'=*

2020

mouse SOD1%4

increased survival and strength with decreased
S0D1 inclusions in spinal cord

Lim et al.'”

Drosophila C9; human iPSC C9-ALS

reduced apoptotic pathway activation; reduced
nuclear foci

Lopez-Gonzalez et al."”

2020

human iPSC C9-ALS

reduced C%rf72 expression; near elimination of
dipeptide repeats; reduced axonal degeneration

Krishnan et al."*

AAV-mediated gene delivery

Neurotrophic support

2010

mouse SOD1%*

improved motor function and increased survival

Dodge et al.™

2016

mouse $SOD1*

preserved motor neurons; increased survival

Allodi et al."*

2018

mouse $SOD1%*

preserved motor neurons; increased survival

Lin et al.""

2018

mouse $SOD1%**

LV,

preserved motor neurons; increased survival

Wang et al."”

2010

mouse $SOD1%**

LC.V.

improved motor function and increased survival

Dodge et al."'

2013

feline Lix] '~ (LMN disease)

LC.V., LV, OF L.

only Lem. delivery resulted in sustained VEGF in
spinal cord, without therapeutic benefit

Bucher et al.'*”

2016

mouse SOD1%

LL.

improved motor function and increased survival

Wang et al."*

2017

rat SOD1#34

LV,

improved strength, but no effect on survival;
worsened cognitive function, decreased activity

Thomsen et al.™*

2011

mouse SOD1%*

intra-spinal

preserved motor units; increased survival

Henriques et al.

2019

mouse SOD1%*

LL.

improved motor function and increased survival

Lee et al,'™

2019

mouse SOD1%*

LL.

improved motor function and increased survival

Lee et al.'™




ALS immunologiai terapiak

& Mastinib: fazis 2/3 (+ riluzole) — tyrosine kinaz inhibitor — microgliak, macrophagok —
fazis 3 folyamatban

¢ Ravulizumab-cwvz — humanizalt monoklonalis antitest — C5 komplement aktivacio gatlasa
— neuroinflammacio csokkentése — FDA engedely: HUS + PNH. Fazis 3



Transthyretin familialis amyloid neuropathia

Table 2. ATTReuNET-recommended diagnosis of

nonendemic (usually late-onset) TTR-FAP: Key points of note

Typical clinical features of later disease (average 4 years

©® Progressziv Szenzorl-motoros és post onset; the usual delay for diagnosis)
autoném neuropathla Progressive idiopathic polyneuropathy
Early walking difficulties, using aid support
& Transthyretin protein misfolding — nitol complaint: {20]
. . i - Sensory-motor neuropathic symptoms (80%)
amYIOld ﬁbl’lﬂumOk = amleldOSIS Autonomic symptoms (10%)

NI IR Sode 4 Examination: All modality sensory deficit
(perlferlas ldegek’ autonom Presence of family history (less than 50%)
ldegrendszer, SZiV) Autonomic neuropathy without diabetes (uncommon at the onset)

Neurogenic orthostatic hypotension
& 7_12 éVen belul Szivelégtelenségben Digestive symptoms (e.g., diarrhoea, constipation)
Urogenital symptoms [e.g., erectile dysfunction)
meghalnak Unintentional major weight loss

Associated cardiac symptomatology (syncope, dyspnoea)

¢ TTR-FAP; TTR-FAC Diagnosis
DNA tesfing for TTR mutation (sequencing) first line in the future
Tissue biopsy confirms amyloid deposition

ATTReuNET, European Network for TTR-FAP; TTR, transthyretin; TTR-FAP,
transthyretin familial amyloid polyneuropathy.

Adams et al. 2016



Gyakor1 téves diagnozisok

Chronicus gyulladasos demyelinisatios polyneuropathia (CIDP)
Lumbalis spinalis stenosis

Immunglobulin-kénnyulanc (AL) amyloidosis

Carpalis alagut szindroma

Charcot-Marie-Tooth betegség (CMT)

Motoneuron betegségek




CIDP ATTR-PN

flysautgnomia NEM dysautonomia
jellemzo

elsosorban vastag, myelinisalt §§ elsGsorban vékony
idegrostok karosodasa idegrostok karosodasa
emgllfedeiﬂ CSF* emelkedett CSF*
fehérjeszint fehérjeszint NEM jellemzé
megnagyobbodott kereszt- NEM jellemz6 az idegek kereszt-
metszeti idegek metszetének megnagyobbodasa




ATTR-PN




Terapias lehetosegek ATTR-ben

Tafamidis (Vyndaqel 20 mg caps.):

= a mutans tetramer (transthyretin) stabilizacidja,
ezaltal az amyloidogenesis csokkentése

= jaroképes betegek (Stage I kaphatjak) —
csokkenti a periférias neuroldgiai karosodast

ALN-TTRO02 — fazis III. — RNS interferencia
ISIS 420915 ASO
Diflunsal — NSAID




Symptomatic

TTR-FAP

Patient aged =50 years or
Cl for LT®

Severe

nephropathy

‘ Sta.;alt ‘ ‘ Stage II= ‘

‘ Tafamidis ‘ ‘ Tatamidis

diflunisald

Combined Combined
kidney and LT heart and LT

Strategy tor specilic rher._lp} in TTR-FAP. contraindications; LT, liver rr._lrl.i[_ﬂ._lrlt-uli-r'-rl; TTR-FAP, transthyretin
tamilial amyleid polynevrapathy. “Cl bor LT include: active ._1r|J uncontrolled cancer; aged = 50 year rales ._1r|J
0 years for females [39™ 77), except for Italy |._'r"._'|E'._‘| &5 ywars); modified LV-J':, T 55 |r|JE\ below 800 kg/ m* g/
Wal30Met TTR mutation diac insulticiency. “Stage |: walking unaided outside. “Stage |1: walking with aid. *
cal rial lor antisense al clectides, small intertering RMA, combination yeyeline—taureursodeaxycholic acid:

diflunisal of-label. Adapked fram [1]

Adams et al. 2016



& Autosomalis recessziv, 5q, SMN1 gen

SMA

& Progressziv vazizom ¢és légz0izom gyengeseg

& Altipusok:

Age of Onset Maximal Motor Ability and Prognosis*
Motor Additional Features

Milestone

Before birth Severe hypotonia; Respiratory insufficiency at
unable to sit or roll’ birth; death within weeks
2 weeks (la) Severe hypotonia; Death/ventilation by 2 years
. . b
3 months (Ib) unable to sit or roll

6 months (Ic)

SMA I 6 to 18 months Sitring Proximal weakness; Survival into adulthood

unable to walk independently

SMA 111 <3 years (111a) Walking May lose ability to walk Normal life span
>3 years (I1Ib)
=12 years (Illc)

SMA TV >30 years or 10 to 30 years Normal Mild motor Impairment Normal life span

"Need for respiratory support at birth; contractures at birth, reduced fetal movements.

e ] .
la joint contractures present at birth; Ic may achieve head control.

‘Prognosis varies with phenotype and supportive care interventions.




Table 1. Main clinical developments in spinal muscular atrophy (SMA).

Approach

/Compound Sponsor

Trials” Phase
(SMA Type)

Mechanism

Administration FDA Approval

Splicing modifiers of SMN2 gene

Nusinersen

Ionis-Biogen
Risdiplam

Roche
Albuterol

ASO I, Il and IIT (I, II, III)
Small molecule I, Il and III (I, II, III)
Beta-adrenergic Off-label

agonist

Intrathecal X
Oral pending

Oral

Replacing SMN1 gene

Onasemnogene
abeparvosec
Onasemnogene
abeparvosec

Novartis-Avexis

Novartis-Avexis

AAV-9-vector
construct
AAV-9-vector
construct

I, T and I (L, II)

I

Intravenous

Intrathecal

Muscle enhancing

Reldesemtiv Cytokinetics

SRK-105 Scholar Rock

Troponin

activator
Myostatin

inhibitor

T and 11 (T, 11, TV)

I and II (I, 1)

Oral

Intravenous

Neuroprotection

Hoffmann-La
Roche

Olesoxime

[and II (11, III)
(development
ended in 2018)

Anti-apoptotic
agent

Oral

ASO = antisense-oligonucleotide; AAV = adeno-associated virus; FDA= Food and Drug Administration

Onasemnogene

|

Delivery of SMIVI

Olesoxime
Neuroproteetion

Figure 1. Main available therapeutic approaches and their mechanisms of action. SMNT = survival

Nusinersen
Risdiplam

Modify SMN2 pre-mRNA
splicing increasing full-length
SMN protein

l

A A
Pre-mRNA * 6 sifiw 8

mRNA o 620 8

SMN1 € to T mutation
Py affects splicing sites
(C ] of gene, leading bo &

6 Wil 8 w dfferercein

\6.odln B 3.6 0 6.0
N
) {
w68 o048
0% 10%

Pr s‘ unstable stabe
olein protein prolein
& P

Main soures of
functional
SHN protein

Majority of SMN protein
produced from SMNZis
unstable
SMNAT proteln
rapidly dograded

Reduced
levelsol
functional
SMN protein

¢

Reldesemtiv- fast skeletal troponin activator

SRK-105- myostatin inhibitors

motor neuron 1; SMN2 = survival motor neuron 2; SMN = survival motor neuron.




Huntington-kor

& Autoszomalis dominans
& Felnottkor1 kezdet tobbnyire, progressziv
& Motoros (chorea) + kognitiv + pszichiatriai tiinetek

& CAG trinukleotid repeat betegség (HTT)



Terapia
Huntington-
korban

Tominersen (IONIS-HTTRx vagy RG6042) — GEN-EXTEND - leallitottak —
phase III

o

A Huntingtin protein (HTT) minden formajat lecsokkentette. ASO

Branaplam

(¢]

o

o

LMIO070 — fazis 2b
Eredetileg SMA kezelésére fejlesztett szer

SMA-ban az SMN protein szintjét néveli meg — SMIN2 gén serkentésén
keresztiil hat

Jelenleg fazis1/2-ben van SMA1-ben

A tesztelés soran észlelték, hogy a huntingtin messenger RNS szintjét 1s
képes csokkenteni

Pridopidine

©

(0]

PROOF-HF, fazis 3

Kis molekula, amely a sigma-1 receptor (S1R) aktivacidjan keresztiil a
BDNF szintjét emeli meg, amely a HD betegekben csokkent

PRIDE-HD - fazis 2 — 2x45 mg korai HD-ban szignifikansan lecsdokkentette
a funkciondlis romlast



® HTT mRNA (assay location: exons 64-65, median % change from baseline) )
©® HTT mRNA (assay location: exons 36-37, median % change from baseline

® HTT mRNA with poison exon inclusion (normalzed relative quansty)

Number of
subjects 27 19 1"

Here's what happened to the huntingtin levels of the branaplam-treated kids in the
SMA trial. The red and blue lines are the amount of huntingtin, falling by about a third
then staying low.




Alzheimer-kor

DSM-5 criteria for major neurocognitive disorder due to Alzheimer disease

A. Evidence of significant cognitive decline from a previous level of performance in one or more cognitive domains®:
Learning and memory.
Language.
Executive function.
Complex attention.
Perceptual-motor.
Social cognition.

B. The cognitive deficits interfere with independence in everyday activities. At a minimum, assistance should be required with complex instrumental activities of daily
living, such as paying bills or managing medications.

C. The cognitive deficits do not occur exclusively in the context of a delirium.
D. The cognitive deficits are not better explained by another mental disorder (eg, major depressive disorder, schizophrenia).
E. There is insidious onset and gradual progression of impairment in at least two cognitive domains.
F. Either of the following:
Evidence of a causative Alzheimer disease genetic mutation from family history or genetic testing.
All three of the following are present:
1) Clear evidence of decline in memory and learning and at least one other cognitive domain.
2) Steadily progressive, gradual decline in cognition, without extended plateaus.

3) Mo evidence of mixed etioclogy (ie, absence of other neurodegenerative disorders or cerebrovascular disease, or another neurological, mental, or systemic
disease or condition likely contributing to cognitive decline).

DSsM: diagnostic and statistical manual.
* Evidence of decline is based on: Concern of the individual, a knowledgeable informant, or the clinician that there has been a significant decline in cognitive function; and a
substantial impairment in cognitive performance, preferably documented by standardized neuropsychological testing or, in its absence, another quantified clinical assessment.

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), American Psychiatric Association, Arfington, VA 2013,




Alzheimer-kor kezeleés

& Aducanumab — human IgG1 anti-A 3 monoklonalis antitest, amely a -amyloid oligomerek €s
fibrillumohoz kotddik

& Keét fazis 3 vizsgalat volt az elmult iddszakban, az egyikben ugy tlint nincs hatds, a masikban viszont
pozitiv tendenciat észleltek



Egyeb betegsegek

Lysosomal storage disorder

Type 1 Gaucher disease

Fabry disease

Late infantile neuronal

ceroid lipofuscinosis type 2

(CLN2 disease)

MPS | (Hurler=Scheie and

Scheie syndromes)

MPS Il (Hunter syndrome)
MPS IV (Morquio syndrome A)

MPS VI (Maroteaux-Lamy

syndrome)
MPS VII (Sly syndrome)
Pompe disease

Wolman disease

Defective enzyme

B-GCase

a-Galactosidase A

Tripeptidyl-peptidase 1

a-lduronidase
|duronidase-2-sulfatase
N-acetylgalactosamine-

6-sulfate sulfatase

N-acetylgalactosamine-

4-sulfatase (arylsulfatase B)

p-Glucoronidase

a-Glucosidase

Lysosomal acid lipase
deficiency

GCase, glucocerebrosidase; MPS, mucopolysaccharidosis.

NATURE REVIEWS |

Enzyme replacement
therapies

Imiglucerase,
velaglucerase alfa and
taliglucerase alfa

Agalsidase beta and
agalsidase alfa

Cerliponase alfa
Laronidase
Idursulfase and
idursulfase beta
Elosulfase

Galsulfase

Vestronidase alfa
Alglucosidase alfa

Sebelipase alfa




Konkluzio

* Betegek felismerése
* Genetikai diagnosztika

* Betegregiszterek



