Knaccudoukauumsa n annaemMmmonorms
HacreaCTBEHHbIX aTakCUWN.
ANropuTM ANarHOCTUKMN.

MogrotoBwn cTyaeHT 4 kypca nedebHoro dakynsreta MNCI6rMY nm. akaa. W.IN. MNaenosa —

C BCKnX Muxaun GY &M
afoBC a \\Q\“{Q\_ﬂ ANUA li Méb

HayuHbin pykoBoguTens: Cepreit BaneHTMHoBUY 3eBaxumH - K.M.H., acc. Kadeapbl HEBporornm

1 MaHyanbHon megunuunHel 10 MCN6rMy um. ak. U.I1. NMasnosa. (

PAVLOV UNIVERSITY




Buabl aTakcuu

Mo3xeukoBad CeHcunTtuBHas BectnbynspHas

Slnpa npeansepHo-yNUTKOBOroO Hepea

Nucleus vestibularis superior
BepxHee BeCTUBYNSPHOE AP0

Nucleus vestibularis lateralis
TIaTepanbnoe BeCTHOYMAPHO® ALPO

Nucleus vestibularis medialis
MeauansHoe BecTUBYAApHOE AAPO
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[nHamunyecka

AP NPELIBEPHO-YIHTKOBOTO Hepaa
(A — BecTuGyaspHBIe 11pa, B — cayxossie spa)

Nucleus cochlearis anterior
TIepeAree ynuTKOBoE AP0
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OnpenenexHn
e

 HacneacrtBeHHbIe MO3)XXe4YKOBbIe
atakcum (HMA) - reHeTnyeckue
HenpogereHepaTuBHbIe
3aboneBaHus, NPOABNSAOLLMECS |
NpPOrpeccnpyroLwmMmM HapyLLeHNEM ‘
NOXOOKN, HECOPa3MEPHOCTH
NBUXXEHUN, B CBSA3MN C
PacCTPOUCTBOM COrfnacoBaHHOM
paboTbl MbILLL, arOHNCTOB U
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aHTaroHUCTOB, YTO YacTo NPUBOAUT I,
K CTOMKOM MHBarNMMAHOCTU N AaXke K '1.:
npexaeBpeMeHHON CMepPTHU. g



Knaccudukaum

a9 AHUTHI

XapauHr (1983)

TABLE 1 CLASSIFICATION OF THE HEREDITARY ATAXIAS

Age of onset

T of index
cases studied

Type Inheritance (decade) (total=157)
(1) Disorders wath known merabolic or other cause
{A) Metabolic disorders
{1} Progressive, unremitting ataxia:
Abetalipoproteinaemia (Bassen-Kornzweig disease)'6 AR Ist-2nd NA
Hypobetalipoproteinacmial® AR 2nd~4th NA
Hexosaminidase deficiency!7 AR 1st NA
Glutamate dehydrogenase deficiency!3 AR 2nd-6th NA
Cholestanolosis!'? AR Ataxia 3rd—6th NA
(u) Intermitrent ataxia:
Pyruvate dehydrogenase deficiency?® AR 1st NA
Hartnup disease? AR Ist NA
Intermittent branched chain ketoaciduria?? AR Ist NA
Deficiencies of urea cycle enzymes (ormithine transcarbem;lasc deficiency*,
citrullinaemia, argintnaemua, argininosuccinicaciduna)? AR/XLD* 1st NA
{8} Disorders characterised by defective DNA repair
Atzxia telangiectasia (Louis Bar syndrome)?* AR Ist 2:5
Xeroderma pigmentosum (de Sanctis-Cacchione syndrome)2® AR Ist=2nd 0
Cockayne syndrome?® AR Ist 0
(1) Dusorders of unknown aetiology
[4) Early onset cerebellar ataxia (onset usually before 20 years)
Friedreich’s ataxial 2:27.28 AR 1st—2nd 67-5
Early onset cerebellar ataxia with retained tendon reflexes?? AR Ist—2nd 13-8
With hypogonadism=deafness and/or dementia3? AR Ist—3rd 0
With congenital deafness!5:31 AR Ataxia 2nd-3rd 1-27
With childhood deafness and mental retardation3? AR 1st 0
With pigmentary reninal degeneration+mental retardation/dementia/deafness?? AR st 19
With opric a(roghy and mental retardation+deafness/spasticity (Behr's
syndrome)!3,34,35 AR 1st 0-64
Mannesco-Sjdgren syndrome (with cararact and mental retardation)3% AR 1st 0
With myoclonus (Ramsay Hunt syndrome)!3:37,38 AR/AD Ist-2nd 0-64
X-linked recessive spinocerebellar ataxig!3,39:40 XLR 1st=2nd 1-27
Cerebellar ataxia with essenual tremor?! AD 1st=3rd 127
[B) Late onset cerebellar ataxia (onset usually after 20 years)
Cerebellar ataxia with optic atrophy/ophthalmoplegia/dementia/amyotrophy/
extrapyramudal features (? includes Azorean ataxia)h: 14,42 AD 3rd—5th 5-7
Cercbellar ataxia with pigmentary retinal degenerationzophthalmoplegia and/or
extrapyrammdal featuresh 1443 AD Mid 2nd-4th 0-64
Pure cerebellar ataxia with later onser!4:44 AD 6th=7th 0-64
Cerebellar ataxia with myoclonus and deafness!4:45 AD Ataxia 2nd~5th 0-64

AD=qutosomal dominant; AR =autosomal recessive; XLD = X-linked dominant; and XLR =X-linked recessive, NA=not ascertained.



OcHoBHble EeHOTUMbI aTakCum

e AYTOCOMHO-OOMUHAHTHAaA MO3)Ke4YKoBas
aTakcusi/cnnHouepedbennspHaa atakcus (SCA)

e CHOpombl, NogoOHblIe aTakcumn Ppuapenxa AYTOCOMHO-
peLecCmBHbIE

e Mo3XeukoBagsa atakcus ¢ paHHUM Ha4varnom (EOCA atakcuu

e MnuToxoHgpuanbHbie CUHOPOMBI

e KapTHa MHOXeCTBEHHOW CUCTEMHOU aTpOodPum

e lagnonaTtnyeckne mMo3xe4ykoBble CUHOPOMbI C NO34HUM Ha4Yariom

e HacnencrBeHHad cnacTUYeckada atakCus



CoBpeMeHHas Krnaccugukaums
HacneacTBEeHHbIX aTakCuu

e AYyTOCOMHO-AOMUHAHTHbIE: CNMHOLUEpebennsapHas atakcus,
OeHTaTo-pybpanbHonannugosntoncosa atpodus (DRPLA),
aNn3oanyecKkne atakcum

« AYyTOCOMHO-peLieccuBHbIe: atakcna Opuaperixa, atakcusi ¢
HeJOoCTaTOYHOCTbIO BUTaMuHa E, abetanunonpotemHeMunsi, atakcms-
TerneaHrnakTasns, atakcus ¢ rnasoaBuraTesibHoM anpakcuen,
BPOXXAEHHasa aTakcus, MO3XXe4ykoBasi atakcus C paHHUM Ha4arom

e MeTabonunuyeckue X cuenrieHHble aTakCuu:

agpeHonenkogmncTpodus, X-cuenneHHasa cngepobnactHass aHEMUS C
aTakcumeu

@- MutoxoHapuanbHble aTakKCUN: MUTOXOHAPUAanbHagqa
9HUeanommonaTns ¢ nakraTt aumao3omM U MHCYIbTONOA40OHbIMY
ann3ogamMmu, MMOKIMOHYC-3nuUrencua ¢ pasopBaHHbLIMU KpaCHbIMU
BoSIokHamu, cnHgpom KepHca-Conepa, HemponaTtuga-atakCus-

AIAFMQLUTULIIA NATIAUAT



KIMMHUKO-reHeTn4ecKkume
XapaKTepUCTUKK
HacreaCTBEHHbIX aTakKCUn

« OOpaTHas Koppensauma mexagy CTeneHbto
3KCMaHCcuu 1 BO3pacTtoM MaHudecTaumm
CUMMNTOMOB DONE3HM.

. I'Ips=||V|as=| B3anMMOCBA3b MeXay CTeNneHbo
9KCMNaHCU NOBTOPOB N TAXKECTbHO
KIMNMHN4YEeCKNX I'IpOFlBJ'IGHI/II?I.

« deHoMeH aHmuyunayuu — NosABIieHNe BCe
bonee TKenbIX U PaHHUX CNyYaeB
OonesHu B KaXKaoM nocreayoLLem
MOKOMNEHUMW.

« OhdekT «0TUOBCKON Nepegavmn» —
MaHudecTaumns bonee paHHUx u bonee
TsDKenbIX criydaeB 60Mne3Hn y NOTOMKOB
OonbHOro oTuya




AYyTOCOMHO-AOMUHAHTHbIE aTakCUu

TunnyHbie
cnuHouepebennspHble
aTakcuu (SCA 1-40)

Jnnsoanyeckue atakcum (EA
1-8)

ATUNNYHLIE
cnuHouepebennspHbIe
atakcuum (DRPLA, GSS)




Hanbonee 4yacTo BCTpevatoLmMecs TUMbl

SCA

Ataxic Disorder Gene Locus Gene/Product Mutation Prevalence
TYPICAL DOMANANT
6p23 Ataxin-1 CAG expansion/coding exon. Normal <39 repeats. Disease-causing >44. If no CAT
SCAT intemuption, d ing 39-44 6-27% of dominamt ataxlas worldwide
CAG expansion/coding exon. Neemal <33 repeats, with CAA interruption.
SCA2 12924 Ataxin-2 Disease-causing >33, with no CAA Interruption {two patients with interrupted 34 13-18% of dominant ataxias worldwide
expansion)
SCA3/Machado- 14q243-g31 | Ataxin-3 CAG expansion/coding exon. Noemal <41 repeats. Disease-causing >45. .
Joseph disease Homozygous mutant genes cause earker anset, more severe disease 23-36% of dominant ataias woridwide
i Puratraphin-1. Functions in intracellular signaling, actin dynamics. Targeted to the Famelles in Utah and Germany, s famies n Japan
v Golgl apparatus. Mutant protein associated with aggregates in Purkinje cells Single-nucleotide C-T substitution In 5'untranshated reglon with later onset pure cerebellar syndrome
SCAS iiplign E-1l Spectrin stabllizes the glutamate transporter EAAT at the surface of the Inframe deletions; missensa (Leu253Pro) Uincoln family in US; familles in Germany and France
plasma membrane
; CAG expansion/coding exon. Normal <19 repeats. Disease-causing >19.
SCAS 19p13 gmﬁ;oﬁw C:::m;ahanmfl smm o“;‘:f::; mechanisms may result Homozygous mutant genes cause earker onset, more severe disease. Allelic with 10-30% of dominant ataxias woeldwide
res il EA-2 (gere ctiats} and hemiplegic migraine fourense mststons)
CAG expansion/coding exon. Normal <28 repeats. Disease-causing »37. .
. Atadn-7. Component of TFTC-like transcriptional complexes (disease mechanisms 2-5% of dominant ataxias woeldwide; may be moee
SCA? 2).1-p1a may result from bath CAG repeat and transcriptional dysregulatory peocesses) mmm: 2835 muay mpand ieto dlsease range, espiecially with petemal common in Sweden and Finland
Normal product is an untranslated RNA that functicns as a gene regulator. CTG expansion at 3' end. Normal <80 repeats. Disease-causing 80-300, although
SCAS 13g21 Evidence for a translated polyglutaming protein (Ataxin-8) from an anti-parallel expansians in this range occur in non-ataxic persens and in other neurclogic 24%“"““;:‘” m.:xtastv«odmde,gen«lc e,
transcript has also been found diseases Expansions >300 may not cause disease in SCAB pedigrees results may be open to intespretation
One American-English family; ophthalmoplegia, optic
SCA9 Unknown Unknown Unknown atrophy, upper motoe neuron, Parkinsonism, posterior

Evaluation and Management of Ataxic Disorders. An Overview for Physicians. ©2016 National Ataxia
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AYTOCOMHO-peLIeCCUBHbLIE aTakCum

CuHOPOMBI,
NoOoOHbIe aTakcuu
Ppugpenxa

2

ATtakcusa Opugpenxa, atakcus
BCrneAcTBUe HepocTaTka
ButamuHa E,
abeTonunonpoTenHeMus,
6one3Hb Pedocyma

CuHOPOMBI,
NoOoOHble aTakcuu
Ppugpenxa c
MO3)XE4YKOBOU

aTpoduen

J

J

Bone3Hb Tea-Cakca ¢ no3gHUM
Ha4vanowm,
cnMHouepedennapHana aTakcusa
C Ha4yanom B AeTCTBe,

LepebpoTeHAUHO3HbIN
KCAREHTOMNMATONR

Mo3xeukoBas
aTtakcusa ¢ paHHUM
Ha4yanom (EOCA)

J

ATaKkcusi-teneaHrmnakrasus,
aTakcus ¢ rnasoaBuraTenbHoOMU
anpakcumen 1 m 2 TUnNbI,
crnacTu4yecKas atakcus
LLlapneBya—CareHa




Gene

Protein

Phenotype Ataxic Disorder Abbr. Gene/Protein Abbr Locus Function
Friedreich' ataxia FRDA | Frataxin BN |oqis | Mitochondrialion
Ataxia with vitamin E a-Tocopherol 8q13.1- T .
deficiency AVED transfer protein TTPA q13.3 Vitamin E homeostasis
2 i3 Microsomal : ;
Friedreich : P— : : 4q22- Lipoprotein
P Abetalipoproteinemia ABL triglyceride MTP .
Ataxia-like P tra%!fer protein q24 Metabolism
i ﬁ%ﬁ's as§°A PHYH :)?c;gr- Fatty acid oxidation
Refsum’s disease - ; = -
Peroxisome PEX7 6q22- Peroxisomal protein
biogenesis factor 7 q24 importation
Late-onset Tay-Sachs B-Hexosaminidase 15Q23- | Glycosphingolipid
disease LOTX A HEXA Q24 metabolism
iedrel Cerebrotendinous Sterol-27 2933- 2
f\rtlae)((‘i;?;ickhe xanthomatosis X hydroxylase CYP27 | Gter Bile acid syntheses
with cerebellar | DNA polymerase y DNA polymerase 15q Mitochondrial DNA
atrophy related disorders MIRAS y-1 POLGT 24-q26 | repair/replication
Infantile onset : : DNA replication,
spinocerebellar ataxia | 'OSCA Twinkle, Twinky | Cl0orf2 | 10024 | ovnown
Ataxia-
g7 = : : . 11922- | DNA damage
Ataxia-telangiectasia AT tnﬁhatr;gt;é%ctasw, ATM q23 response
Ataxia-telangiectasia-like Meiotic DNA damage
Early onset disorder ATLD recombination 11 MRE11 1q21 response
ok eIIarh Ataxia with oculomotor DNA repair,
ta .t i '
?et:ilr?ev:il apraxia type 1 AOA1 Aprataxin APTX 9p133 ?RNA processing
reflexes R 7DNA repair,
(EOCARR) | Ataxiawithoculomotor | p5p5 | Senataxin SETX 934 | 2DNAtranscription,
apraxa type 7BNA processing
Autosomal recessive
ataxia of Charlevoix- ARSACS Sacsin SACS 13q12 ?Protein folding
Saguenay

Evaluation and Management of Ataxic Disorders. An Overview for Physicians. ©2016 National
Ataxia Foundation




ATakcuu, Hacneagyemble N0 MaTepUHCKON
NTMHUU
(X-cuenneHHble N MI/ITOXOH,EI,pI/IaJ'IbeIe)

* CugepobnacrtHasa aHeMus C atakcuemn
« ledbnunT NnupysataerngporeHa3Horo Komnsiekca [
« BonesHsb MNenuuea-Mepubaxepa — 1 §
* CuHOpOM FXTAS (Tpemop/aTakcus, acCoLMMPOBAaHHbIE C F
NOMKOW/XPYnKon X-XpOMOCOMOW) ]
* MMOKNOHYC-annnencus ¢ pasopBaHHbIMW KpaCHbIMU BOJTOKHaMM
 [lednymTbl KOMNMEKCOB AblXaTeNbHOWU LENn
* MutoxoHapuanbHasa aHuedanomMmmonaTusa ¢ nakrart aymago3om U &

MHCYNbLTONOAOOHLIMN ANM304aMM



Evaluation and Management of Ataxic Disorders. An
Overview for Physicians. ©2016 National Ataxia
Foundation

Mitochors?rid Infantile-onset
Sideroblastic ATP-binding cassette JUmS, . | SRR
) XLSAJA 9 ABCB7 | XqI3 from matrixto | ataxia with u
b 7 transportes 3 intermembrane | motor neurmp‘;fg'm
space and anemia
5 gene/protein
cogne\plexp-' PDHA1 | Xp222 | Complexlinks
* El-pyruvate yycotlzsis
decarboxylase DLAT with the :
Pyruvate + E2-dihydrolopoyl tricarbo: Early onset with
dehydrogenase | ppuc transacetylase acid (TCA) cycle | episodic ataxia,
complex * E3-lipoamide DLD 7931 and catalyzes | seizures,and lactic
deficiencies dehydrogenase theirreversible | acidosis
:1 e conver:iogof
ehydrogenase pyruvate
hatase ac
P*égsgnding protein o gl R
Onset infancy to
—_— T T P o |y | Fmeenand, aduithood vith
syndrome; ; maintenance of | spastic paraparesis,
Merzbacher ) protein ataxia, optic atrophy,
cognitive decline
i i | s | Akt st
neuropat AN peraxisomal ALDP X8 gf\:ngnfralong neuropathy, adrenal
membrane acids iy insufficiency
Males >50
. . /o with tremor
Fragile X mental Results in {action orresting),
Fragile xe-d retardation ggﬁ\e-G elmted FMR1 | ataxia, executive
associat emutation mRNA levels nction.
tremor/ataxia FXTAS g(pansion {69-135 FMR1 o273 | and slightty 3y resemble
syndrome repeats; full mutation lowered level of | MSA.MRIwith T2
is >200) FMRI protein signal intensity in
cerebellar white
matter
Mitochondrial s .

. : Mitochondrial
myopathy, Mitochondrial iceihal th
Eﬁpﬁé‘&f" MELAS tRNA leucine mtDNA g‘fﬁ:‘m": laqtiecp_acidpﬂs, Rroks
and stroke-fike angioprzthy ;'é'gm':'e';e"'ke attacks,
episodes
Myoclonic tRNA lysine - ; Myoclonic epile
eplepsy ith | MERRF tRNA serne - miONA | Mitechandrl o' i o

nction d

ragged red fibers BN B
Neugopahhy, ComplexV Neuropathy, ataxia
ataxia an 2 omplex ropathy, ataxia,
re_tmmrs‘tus o AlFmes IO retinitis pigmentosa
pigmentosa

Early onset ataxia,
Coenzyme Q10 | CoQ10 - . 9013 Cofactor for S"gg'pghmggf'm
deficiency deficiency P Complex|l fetaration; Serim

o)1




ANropuTM gMarHoCTUKU
HacneaCTBEHHbIX
aTakcuu

« COOp KNMMHNYECKOTO 1 CEMENHOTO
aHaMHe3a

* TwarenbHas oueHKa KIMHUYECKOro
deHoTuna sabonesaHnsa y
nauneHTa

» IndbdepeHumnanbHasa gnarHocTuka
C

PaccesiHHbil cknepos

XpoHuyeckas HeloCTaTO4HOCTb KPOBOOOpaLLEeHWUS
8 BeprebpansHo-6a3nnspHoin cucteme

NHdapkT Mo3xeyka

AHomanuu kpasuosepTebpanbHoit obnactu
(ApHonbaa-Kuapu, lenan-Yokepa v ap.)

ATaKTM4eCKuii BApUaHT AeTcKoro uepebpansHoro napanuya
HopmoTteHaueHas ruapouedanms (cuHapom Xakmma-Anamca)

O6beMHblil Npouecc 3aaHen YepenHon SMKK
(HespuHoma VIl napbl YepenHbix HEPBOB K Ap.)

MHTOKCUKALMK (XDOHUYECKWUIA aNnKOronunam,
NPOTUBOCYAOPOXHLIE Npenaparkl, CONM TAXENbIX MEeTanNos)

moTeHoBas arakcus

Mauonartnyeckas (cnopaamyeckas) No3aHas MO3Xe4KoBas
arakcus

lOBeHWNbHbIA BapuaHT 601e3HU [eHTUHITOHA
(arakruyeckas dopma)

lenaToneHTUKynsipHas aereHepaums
(6onesnb BunscoHa-KoHoBanosa)

Heipocudunuc
HeipoCnng
'Mnotupeos

MapaHeonnacTUYeckuin npouecc (pak nerkux u GpoHxos,
numdonponudepaTMeHbie Onyxonu 1 ap.)

BoneaHs MNenuueyca-Mepubaxepa
CucremHblii aeduLUT BUTAaMUHOB B, GONUEBOIA KUCNOTbI
HeipoakaHToumTo3s
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