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Prvi opisi

® Bolezen je prvi opisal George
Huntington leta 1872.

Ugotovil je
® da je bolezen dedna
® nenormalni gibi (horea)

® neprimerno vedenje, ki lahko
vodi do norosti in samomora
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Team Pinpoints “'
Genetic Cause I
Of Huntington’s |

10-Year Quest Produces 1
Key to Brain Disease |

By NATALIE ANGIER 1’

After |

10 backbreaking years in a
| rescarch purgatory of false leads,
failed experiments and long stretches
|of mordant des; , an international |
| team of scienuists says it has discoy-
| ered the most coveted treasure in mo-
lecular biology, the gene behind Hun-
|tington’s disease.
| Now that they have the gene in hand,
| researchers say they can begin making
headway in understanding the dis-
order, a neurodegenerative iliness that
usually strikes a person in the 30's or
40's, insidiously destroys body and san-
ity alike, and kills within 10 to 20 years.
'Hummplons diseasc afflicts about
130,000 Americans, and as many as
| 150,000 are at risk of developing it. The
| best-known victim was the folk singer
‘ Woody Guthrie.
| Holy Grall of Genetles
The first clues to the gene's location
came in the carly 1980’s, at the dawn of
| the contemporary era of molecular ge-
| netics. But researchers soon ran into a
| succession of snags that transformed
| the search into an irresistible if irritate
ing quest that seduced some of the
| biggest names in biology.

Of particular interest to sclentists,
the mutation that causes the disease is
one they have lately seen in genes that
Cause other llinesses, a sort of molecu-
lar accordion effect in which a tiny
segment of the gene is abnormally
expanded and repeated over and over.

Key to the Puzzle

Researchers emphasized today that
much work needed to be done before
they could use the mutation as any sort
of precise prognostic tool. Nor does the
finding the gene mean that a treatment
for the disease Is imminent. But the
disco is essential to crucking the
puzzle of Huntington's

The finding will be reported Friday
n the journal Cell, crediting as s
author the Huntington’s Disease Col-
laborative Research Group. This
flects a rare instance of sustained sci-
entific cooperation in which six labora-
tories in the United States, England
and Wales shared their data and ideas.

Biologists everywhere, even those
who were competing against the vic-
torious consortium, greeted the news
with uninhibited joy and dee| lief.

Rick Myers of the University of Cali-
fornia at San Francisco, who had inde-
pendently been seeking (o isolate the
gene. “I can hardly believe that it's
finally here after ail these years.” Dr.
David L. Nelson, a molecular geneticist
at Baylor College of Medicine in Hous-
ton, said: I think this is fantastic. It's
taken so long to find this gene, and
there's been such bizarre speculation
about why le couldn’t get it, that
I'm relieved and thrilied to see the
search has ended.” Dr. Nelson has
worked on another disorder, called
fragile X syndrome, which is caused by
a similar abnormal gene expansion.

-

(Photo from James Pollard, Personal Collection)

Dr. Nancy S. Wexler of the Heredi-
tary Disease Foundation in Santa Mon-
ica, Calif,, and Columbia University in
New York, helped hold the consortium
together over the years and often trav-
eled to towns in Venezuela where many
' of the villagers suffer from Hunting-
| ton’s. She said she had just been about
| to walk out the door to leave for South

America when she heard the news that
her group had isolated the gene.

“I felt like I'd walked into a brick
wall,” she said. ‘1 was stunned. | was
ecstatic. | was wandering around like a
zombie after that."

Researcher at Risk

Dr. Wexler, whose mother died of
Huntington’s disease, has a 50-50
chance of having inherited the gene. A
test has been available for about a
decade that predicts with high accura-
3 who is likely to be at risk, but Dr.

‘exler declines to discuss whether she
has taken the test.

The next step in research is to find
out how the protein produced by the
normal version of the Huntington's
gene works in the body, and why the
“expanding mmnuon‘_\ within the gene

Rare as the disorder s, it has re-
mained much in the public eye over the
years, partly because the search for
the gene has been so widely publicized.

Th a stroke of great Juck 10
years ago, Dr. James F. Gusella of|
Massachusetts General Hospital and
the leader of the collaboration, came
up with a so-called marker for Hunti
ton’s, a piece of DNA that indicated

| roughly where the gene must be, some-
where on the upper arm of chromo-
some 4, one of 23 pairs of chromosomes.
packed in every human cell.

Dr. Gusella and his collaborators as-
sumed it would be a relatively straight-
forward task to find the specific gene,
but instead scientists floundered for,
years as other genes — including those
for cystic fibrosis, muscular dystrophy,|
and neurofibromatosis — were plucked
out to much fanfare.

The scientists repeatedly were led’
astray by unusual inheritance patterns
of the Huntington's gene and by the
compiexity of working near the tip of a
chromosome. The end regions of chro-
mosomes are thought to be dense with|
genes and (o be subject 10 a lot of so-
called recombination, or chromesom-

such ¢ 7
+ 2""From what we've seen so far, the
gifotein doesn't look like anything lse

events, making them very!
difficult to sift through.
Scientists said the detection of thel

- ‘Were familiar with," said Dr. Francis

S. Collins of the University of Michigan
in Ann Arbor, another participant in
the colluboration
¢ disorder sometimes begins in
| chiidhood or adolescence but more
often Is silent until well into adulthood,
at which point the symptoms begin
random, uncontrollable movements in
every part of the body, psychiatric
disorders, mental deterioration and
death. Researchers now suspect that
some of the Salem witches may have
suffered from Huntington's.
0dyssey Through Chromosome
The disease results from the exten
| sive death of neurons in the basal gan-
| 8lia, a region of the brain that controls
| movement and possibly cognition.

Huntington's gene marks the closure of]|
the era of tracking down)
individual es for discases. From

now on, bi ts plan to put most of
their enterprise into the Human Ge-
nome Project, the vast Federal effort
to systematically lay out all 100,000
genes found in the human blueprint.

At last the scientsts identified u
gene with all the hallmarks of being
unstable and subfect to dangerous ex-|
pansion, exactly as had seen in|
fragile X syndrome and two other he-
reditary disorders.

In the Huntington's gene, the muta-
tion affects a triplet of genctic sub-
units, or bases, represented by the
chemical initials CAG. In normal peo-
ple, the gene has from 11 1o 34 of these
triplets. But Huntineton's natien: < nac.

* Avtosomno dominantna
nevrodegenerativna bolezen

* Nastane kot posledica
pomnozitve CAG tripletov na IT-
15 genu (gen za huntingtin —
HTT) na krajSem kraku 4.
kromosoma (1993)




Osnove

* Gen nosi zapis za beljakovino HTT

* Posledica patoloskega gena je beljakovina s
podaljsano poliglutaminsko sekvenco, ki je
se veze na HTT in spremeni njegovo
strukturo in funkcijo (ang. gain of function
toxicity)

® Posledica so beljakovinski skupki v
razlicnih delih mozganov, ki vodijo v
celicno smrt oz. apoptozo
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36-39 CAG tripletov - nepopolna penetranca
> 40 CAG tripletov - popolna penetranca

Pricakovati je, da bodo otroci zboleli ob priblizno enaki starosti kot starsi

MozZna anticipacija — pomnozitev CAG tripletov, kar pomeni, da starost ob pojavu
bolezni se zmanjsuje v vsaki naslednji generaciji, vendar, ni popolnega ujemanja!

Geni, ki kodirajo proteine za popravljanje DNK (npr. FAN1, MLH3, MHS3) preko
fenomena somatske nestabilnosti lahko vplivajo na stevilo CAG tripletov, npr. v
striatumu in tako vplivajo na progresijo bolezni

Odvisno tudi od znacilnosti tripletov za CAG:
CAG-CAA-CAG

CAG-CAG-CAG - pojav bolezni tudi 13 let prej
CAG-CAA-CAA - pojav bolezni tudi 6 let pozneje



Bolniki 2 zacetno HB imaio brblEne. 50%. atrofi

outamna ter 30% atrofijo n. cavdatusa.

Normal brain Huntington's disease
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Prevalenca

Caribbean ® Odvisna od regije.

Sea

e 2,3-17,4/100.000

Juan de Acosta = e Jan Luis,
Maracaibo

.- ® Med bolj prizadetimi geografskimi
podrodji sta del Skotske (Moray Firth —
D 560/100.000) in Jezero Maracaibo v
e e Venezueli — 700/100.000 prebivalcev

® V Sloveniji je priblizno 120 bolnikov ter
nosilcev gena za HB

o BellaVista




Oblike bolezni

® Juvenilna - Westphalova oblika bolezni:

veliko stevilo (>50) CAG tripletov,

zacne se pred 20 letom starosti,

klini¢no se kaze z nerodno hojo, upocasnjenim govorom, bradikinezo in hipokinezo, rigidnostjo
(parkinsonizmom) lahko tudi distonijo

kasneje v poteku bolezni ob slabsanju hotenih gibov se pojavi demenca, lahko se pojavijo tudi
epilepti¢ni napadi

e (Odrasla oblika bolezni:

zacne se ponavadi v 4. desetletju (povprecna starost ob zacetku 45 let)

ekstrapiramidne motnje gibanja (predvsem horea, tiki, distonija), kognitivni upad (demenca),
vedenjske ter psihiatricne motnje

bolezen je napredujoca - povprecno prezivetje je 15-20 let, redko vec kot 40 let



Motnje motorike pri HD

* horea

e tiki

» distonija

* bradikinezija

* rigidnost

 mioklonus

« motnje hoje

« motnje posturalne stabilnosti

« motoricna imperzistenca

 motnje ocesnih gibov

- motena iniciacija sakad
- hipometricne sakade
dizartrija

disfagija

ataksija

okvara piramidnih prog



Nemotoricni simptomi pri HB
¢ Kognitivni upad, demenca
- motnje pozornosti
- motene izvrsSilne sposobnosti
- motnje delovnega spomina
- motnje implicitnega spomina
- sposobnosti ucenja
* Depresija, anksioznost
« Moteno prepoznavanje in izrazanje emocij
- Hipozmija
« HujsSanje
« Motnje avtonomnega zivcnega sistema
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100%

0%

‘Premanifest’  Motor Diagnosis

Functional Abilities

Presymptomatic

Manifest

Prodromal

Motor Impairments

Cognitive Impairment /
Dementia

Chorea
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Biomarker

e Klinicni: lestvica UHDRS, lestvica TFC
e Nevropsiholoski: motena kognicija in vedenje
® Genetski: stevilo CAG tripletov

e Slikovni: MRI moZganov, korelira s starostjo ob zacetku bolezni,
trajanjem bolezni ter stevilom CAG tripletov

* atrofija bele mozganovine je prisotna ze 12 — 15 let pred klinicnim
zacetkom bolezni
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Normal
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MR pacienta s HB
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Progressive HD-like syndromes

Chorea | « Predominant movement disorder? » | Dystonia and/or parkinsonism
Adult-onset Southern African ancestry: consider HDL2 Adult-onset Southern African ancestry: consider HDL2 <+
Japanese origin: consider DRPLA Cumbrian or French origin: consider Neurofermitinopathy
Cumbrian or French origin: consider Neuroferritinopathy
Finnish origin: consider SCA8 ’ o bod ’
Juvenile onset French-Canadian origin:  consider AOA type 2 Predominant involv t of a specific body region
i - : it Juvenile onset Facio-bucco-lingual: consider PKAN, WD, Lesch-Nyhan syndrome, -

Predominant involvement of a specific body region

Adult-onset Facio-bucco-lingual: consider chorea-acanthocytosis, McLeod
syndrome (only males), or Neuroferritinopathy
Head drop or banging: consider chorea-acanthocytosis

Kufor Rakeb syndrome, aceruloplasminemia

Cerebellar ataxia
Adult-onset consider SCA17, DRPLA, SCA1, SCA2, SCA7, SCA14, SCA8
Juvenile gnset consider Friedreich ataxia, ataxia-teleangiectasia, AOA types 1 and 2

Predominant gait impairment
Adult-onset consider SCA17, DRPLA, SCA1, SCA2, SCA7, SCA14, SCA8
‘rubber man appearance ":consider chorea-acanthocytosis or McLeod
syndrome (only males)
Juvenle onset consider Friedreich ataxia, ataxia-teleangiectasia, AOA types 1 and 2

Cerebellar ataxia

Aduli-onset consider SCA17 or SCA2 +“
Predominant gait impairment

Adult-onset consider HDL2 -
Juvenile onset consider PKAN, WD, PLAN, Kufor Rakeb syndrome

Eye movement abnormalities <
Juvenile onset early supranuclear upgaze palsy. consider Kufor Rakeb syndrome

Eye movement abnormalities

Adult-onset dysmetric saccades, square-wave jerks, saccadic pursuit, gaze-evoked
nystagmus: consider SCAs, DRPLA and chorea-acanthocytosis
Juvenile onset dysmetric saccades, square-wave jerks, saccadic pursuit, gaze-evoked

nystagmus: consider Friedreich ataxia
oculomotor apraxia: consider ataxia-teleangiectasia, AOA types 1 and 2

Peculiar speech abnormalities
Juvenile onset marked palialia, tachylalia, dysarthria: consider PKAN <+

Seizures
consider HDL1, chorea-acanthocytosis, DRPLA, McLeod syndrome (only
males), SCA17

Peculiar behavioural abnormalities
self-mutilating behaviours: consider chorea-acanthocytosis,
Lesch-Nyhan syndrome

Martino et al.T r12019




/dravljenje

Soocenje z diagnozo, seznanitev z naravnim potekom bolezni in prognozo
Genetsko svetovanje, psiholoska podpora
Simptomatsko — medikamentozno in podporno zdravljenje

Nevroprotektivno in vzrocno/genetsko zdravljenje?

16



Sy " 0 I ravlienio

zdravljenje horeje

o Depletorji dopamina:

- tetrabenazine (jasni dokazi o ucinkovitosti oz. zmanjSanju horeje)
- deutetrabenazine.

- valbenazine

o Blokatorji dopaminskih receptorjev:

- prva generacija antipsihotikov (flufenazin, haloperidol, risperidon)
- druga generacija antipsihotikov — manj ucinkovita (olanzepin)

o Amantadin

o Valproat

o Globoka mozganska stimulacija (palidum - do sedaj 6 bolnikov pri nas, pomembno zmanjsanje horeje,
vec rigidnosti, ki se je da urediti z ustreznimi nastavitvami stimulacije, pogoj — relativno ohranjeno
kognitivno stanje)

17
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Sy " 0 I ravlienio

zdravljenje nemotroiCnih znakov bolezni

* Anksiolitiki (BDZ, propranolol, klonidin)

e Antidepresivi:

- triciklicni antidepresivi (nortriptilin, amitriptilin),

- SSRI (fluoksetin, steraline, fluvoksamin, parokstetin, citalpram,
escitalopram

- ostali (bupropion, mirtazapin, trazodone, velnataksin... ).

* Antidementivi (rivastigmin, memantin).

e Antipsihotiki -1, 2,3 generacija.

19



Simptomatsko podporno zdravljenje

e Ustrezna prehrana - uporaba prehranskih dopolnil

(precejsnja poraba energije zaradi horeje v zacetnem ter srednjem delu bolezni
ter motenj poziranja v napredovalem obdobju bolezni)

¢ Fizikalna terapija
® Delovna terapija
* Logopedska obravnava

e Psiholoska obravnava

20



Neuroprotektivno zdravljenje

® Poizkusi so potekali z: vitamin E, baklofen, lamotrigin, kreatin,
koencim Q10 + remacemid, riluzol itd

® Nobena izmed dosedaj objavljenih Studij za enkrat ni dokazala
nevroprotektivnega ucinka v smislu preprecitve napredovanja bolezni,
so pa bila zdravila dobro prenosljiva

21



Genetsko zdravljenje

e RNAI pristop — degradacija zrele RNA

* ASO (antisense oligonucleotid) pristop —enospiralni deli DNA, ki pomagajo pri razgradnji
mRNA

e Pristop zdravlljena z majhnimi molekuli, ki regulirajo ekpresijo HTT

* Pristop direktne modifikacije DNA

22



Genetsko zdravljenje — supresija huntingtina

e VX15/2503 Anti-Semaphorin 4D Antibody (SIGNAL, Vaccinex), transmembranski protein,
sodeluje v procesih nevrogenega vnetja, nevrodegeneracije, aktivacije glije, rast nevronoyv,
apoptozi... Obetavni izidi, tudi za druge bolezni.

e Antisense oligonukleotid ASO-HTT-Rx (RG6042, tominersen) (IONIS, ROCHE), 40 — 60 %
zmanjsanje patoloskega huntingtina v likvorju.

¢ Stereopure antisense oligonucleotide (ASO) targeting single nucleotide polymorphisms
(SNPs). Mechanism of action: WVE-120101 and WVE-120102 act by selectively binding
mHTT mRNA, thereby selectively inhibiting production of mHTT. WAVE Life Sciences

e VY-HTTO1 consists of an adeno-associated viral (AAV) vector, a modified virus that can
deliver genetic material into brain cells, containing a promotor and miRNA transgene against
the HTT mRNA. (Voyager, SanofiGenzyme) (ugodni izidi na zZivalskih modelih, jan. 2018
odobrena Studija A 1 na ljudeh).

e AMT-130 is carried inside nerve cells via a noninfectious virus called adeno-
associated virus (AAV). (uniQure) (na zivalskih modelih, aplikacija v striatum, vec kot 50 %
zmanjsanje produkcije patoloskega huntingtina).

23


https://www.voyagertherapeutics.com/our-approach-programs/gene-therapy/
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ORIGINAL ARTICLE

Targeting Huntingtin Expression in Patients with Huntington’s Disease

Sarah J. Tabrizi, M.B., Ch.B., Ph.D., Blair R. Leavitt, M.D., C.M., G. Bernhard Landwehrmeyer, M.D., Edward |. Wild, M.B., B.Chir., Ph.D., Carsten Saft,
M.D., Roger A. Barker, M.R.C.P., Ph.D., Nick F. Blair, M.B., B.S., David Craufurd, M.B., B.S., Josef Priller, M.D., Hugh Rickards, M.D., Anne Rosser, M.B.,

B.Chir,, Ph.D., Holly B. Kordasiewicz, Ph.D., et al.

BACKGROUND
Huntington’s disease is an autosomal-dominant neurodegenerative disease caused by CAG
trinucleotide repeat expansion in HTT, resulting in a mutant huntingtin protein. IONIS-HTTy
(hereafter, HTTy,) is an antisense oligonucleotide designed to inhibit HTT messenger RNA and thereb

reduce concentrations of mutant huntingtin.

METHODS

We conducted a randomized, double-blind, multiple-ascending-dose, phase 1-2a trial involving adults
with early Huntington’s disease. Patients were randomly assigned in a 3:1 ratio to receive HT Ty, or
placebo as a bolus intrathecal administration every 4 weeks for four doses. Dose selection was guided
by a preclinical model in mice and nonhuman primates that related dose level to reduction in the
concentration of huntingtin. The primary end point was safety. The secondary end point was HT Ty
pharmacokinetics in cerebrospinal fluid (CSF). Prespecified exploratory end points included the
concentration of mutant huntingtin in CSF.

RESULTS

Of the 46 patients who were enrolled in the trial, 34 were randomly assigned to receive HT Ty (at
ascending dose levels 0f 10 to 120 mg) and 12 were randomly assigned to receive placebo. Each patient
received all four doses and completed the trial. Adverse events, all of grade 1 or 2, were reported in 98%
of the patients. No serious adverse events were seen in HT Ty -treated patients. There were no clinicall
relevant adverse changes in laboratory variables. Predose (trough) concentrations of HT Ty, in CSF
showed dose dependence up to doses of 60 mg. HTTy, treatment resulted in a dose-dependent
reduction in the concentration of mutant huntingtin in CSF (mean percentage change from baseline,
10% in the placebo group and ~20%, ~25%, ~28%, ~42%, and ~38% in the HT Ty, 10-mg, 30-mg, 60-
mg, 90-mg, and 120-mg dose groups, respectively).

CONCLUSIONS

Intrathecal administration of HT Ty to patients with early Huntington’s disease was not accompanied
by serious adverse events. We observed dose-dependent reductions in concentrations of mutant
huntingtin. (Funded by Ionis Pharmaceuticals and F. Hoffmann-La Roche; ClinicalTrials.gov number,
NCT02519036.)
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Studija GENERATION-HD

® 791 pacientov z zgodnjo manifestno obliko HD razporejenih v dveh
skupinah — placebo in tominersen za intratekalno aplikacijo v trajanju 8
ali 16 tednov

® Predcasno prekinjena leta 2021, sicer konec Studije je bil planiran 2022

* Pacienti v 8 tedenski tominersen skupini so bili slabsi kot placebo, v 16
tedenski skupini pa enaki placebo (skupni UHDRS)

* Razlogi za neuspeh — previsoka doza tominersena (120 mg)? Vnetni
ucinek tominersina?

® Post-hoc analiza: mlajsi z manj CAG ponvitvami boljsi izid kot placebo

25



Nadaljnji razvoj vzrocne fterapije za HB

e ASO: SELECT-HD

e Stereotalticen vektorski vnos
mickro RNA (AMT-130) v
striatum

¢ “Splicing modifiers” (Vibrant-
HD, Pivot HD)
® “Somatic instability” genes

Tabrizi et al., Nat Nev Re% 2020




[akljuCki
® HB je kronicna, progresivna hereditarna nevrodegenerativna bolezen

* Diagnoza je klinicna, potrdimo jo z genetiko

* Diferencialno diagnosticno v postev pride vec drugih nevroloskih
bolezni

e Zankrat na voljo le simptomatsko in podporno zdravljenje

® Veliko studij o vzrocnem, genetskem zdravljenju v teku

® Potrebno je redno spremljanje za ucinkovito zdravljenje pacientov
e Skrb za svojce
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