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DISCLAIMER

» The information provided by speakers in any
presentation made as part of the 2017 NAF Annual
Ataxia Conference is for informational use only.

» The NAF encourages all attendees to consult with
their primary care provider, neurologist, or other
health care provider about any advice, exercise,
therapies, medication, treatment, nutritional
supplement, or regimen that may have been
mentioned as part of any presentation.

= Products or services mentioned during these
presentations does not imply endorsement by the
NAF.
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IETIIPICYIGESBNformation on cause, severity, or prognosis

E Upper respiratory Infection (viral) (“a cold”)

. Influenza (viral) (“the flu”)

sumonia (bacterial or viral)

SN S~ Tuberculosis (mycobacterial)

N ~ o
N
N ‘~~ Coccidioidomycosis (fungal) (“Valley Fever”)

‘\ Ebola (viral)



iinelmportance of a Thorough Medical Evaluation:
Many Causes of Cerebellar Ataxia!

~ Dominant

Recessive

GenetiC Mitochondrial
Causes

“Familial, Hereditary,

\/ etc.” X-linked
Other

: ' 1in 5,000 persons
|d|0pathIC worldwide have ataxia
Causes

Metabolic

- Unexpected 11n 10,000 persons

have a genetic ataxia

No clear family history

...but can be acquired,

Neurodegeneration
genetic, or idiopathic! 9



Diagnostic Reservoirs Hiding Neurogenetic Disease

Szl . . Cerebral palsy - Ataxia

' : Intellectual disability =«  Dementia
_ Epilepsy = Multiple sclerosis
4ICTIULY DT | »  Movement disorders =  Peripheral neuropathy

Clinlezl

Diagnosis

}

Same
Management

Traditional Medical for Everyone?
Approach
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Diagnosis [*€

Individualized
Symptomatic
Treatment or
Surveillance

Genetic
Counseling &
Psychosocial
Benefits

Disease
Modification
or Cure




plaRigusteommonin-Neurogenetic Disease

Viore than 3. l enes are associated with ataxia
assaiprimary or secondary symptom®*

ofal Genes Inheritance

~ Autosomal Recessive
Autosomal Dominant
X-linked
Mitochondrial

(...and estin es suggest that we currently only know about
~halfo genes that cause hereditary ataxial)

Effective strategies are necessary for optimal clinical evaluation.

*Source: Online Mendelian Inheritance in Man, OMIM®. 11/2016. http://omim.org/



DINARS Genetics - Chromosomes

PATERNAL E o 5 MATERNAL

Definitions

Gene = basic unit of inheritance

Chromosome = linear organization of genes

23 pairs of chromosomes (one set each from mother and father)

Genome = all the DNA (chromosomes) within a person
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David Adler, University of Washington
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IREAutosomalildominant Cerebellar Ataxias

sommonty: !diﬂﬂa.'.l@.}) e Spinocerebellar Ataxias (SCAs
ENENOtYPETSIoWly progressive. clinically heterogeneous ataxia

searrently#siaistincticlinical forms with 30 identified genes

- EJ
110 [ B

1l O O o}

1 2 3 4 5
|- 1
v 0 BOO0 @
5 6 7
Vv & A Fogel and Geschwind,
. 3 ’k 5 5 e Neurology in Clinical Practice,

2012



AUtesomalivominant Cerebellar Ataxia
SAdUItionset, typically between 20-50 years of age
SOVETal[4 cases per 100,000 people worldwide

Most Common Autosomal dominant Most Recent
SCA - ! Unaffected 2014

"~ mother

SCA1 SCA21 (France)
SCA2 " | | 8 SCA34 (Canada)
SCA6 L SCA38 (italy)
SCA7 .3::?:;“ SCAA40 (China)

2015

SCA41 (USA)

SCA42 (France, Japan)
2016

SCA43 (Belgium)

~ ‘o of total)

5.3

Affected Unaffected Unaffected Affected
child child child child

.S, National Library of Medicine

http.://ghr.nlm.nih.gov/handbook/illustrations/autodominant



IIHEYAUTOSOmal Recessive Cerebellar Ataxias

AN EWIHISEases being nan ed Spinocerebellar Ataxia, Recessive (SCARS
S IOWIY gr&um&@m |th sensory/sensorimotor polyneuropath
SeVeralldiSEases Invo ve or an systems outside the CNS (biomarkers

SAtIESst0Ndentifiedigenes cause primary recessive ataxia

Fogel and Geschwind,
Neurology in Clinical Practice,
2012




AUIeSOmaliRecessive Cerebellar Ataxia
SONSetitypically before age 20 years
SVIildervariants can present in adulthood
SOVerallE=aicases per 100,000 people worldwide
Viost Commor ) Autosomal recessive Most Recent
-riedre Carrier /’ Carrier 2014
_ father s mother
| TH! SCAR17 (Turkey, Netherlands)

™~

-
L CJ

(=50%) | | SCAR20 (Portugal, Middle East)
| SCARZ23 (Ireland, Egypt)
B Unaffected | 2015
[] Affected }
(W Carrier SCAR19 (Turkey)

SCAR21 (Europe, Cuba)
2016

1 1 dl | SCAR?22 (Japan)

i ?'.KJ M il 1 ‘Du SCAR24 (China)

__j__‘ Ul

http://ghr.nim.nih.gov/ Unaffected  Carrier Carrier Affected
handbook/illustrations/ son daughter son daughter

autorecessive U.S. National Librany of Medicine



Senetic T - Types of Genetic Testing

Traditional Sanger method)

but also most expensive per gene

er novel coding mutations

equence change causes disease!

detect pre-defined mutations
pecific mutations only!

1 testing
r common dominant

mutations




Senetic lesting— Iraditional Gene Panels

Itiple types of testing for several different genes
cing (Traditional Sanger method)

3 don’t test every ataxia gene
taxia genes are known!

B Some genes only cause ataxia
- rarely (e.g., not in all patients) so
they aren’t included




SENetic Testing Bias

.

Should you look at hay by the handful
for anything that might be sharp?

or should you look through
the whole haystack for the
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on: Single or Multi-Gene Panel?

ed S |n:Ie Gene or Multi-Gene Panel Testing

2neity: The same phenotype common to one
n atypical form of another, how do you know?

Currently documented phenotypes may not
of disease caused by a gene.

Friedreich _ 0 25% of cases)
 X-Syndrome & Fragile mor/Ataxia Syndrome (premutation)
lyglucosan Body Disease & Glycogen Storage Disease Type IV
Adrenoleukodystrophy & Adrenomyeloneuropathy

Xia & polyneuropathy) vs. ALS4 (motor neuron)

USRS TINIMize such confounders
maximizesgenetic testing efficacy?




Exome Sequencing: An Unbiased Tool for Diagnosis

Genome
3.3 x 10° base pairs
~20,000 genes

Exome

~1% of genome

~3 x 107 base pairs
~20,000 genes

Examination of
every gene
simultaneously
provides an
unbiased method of
genetic testing

~26% overall

diagnostic rate
(~3,000 neurologic cases)

http://www.genome.gov/dmd/index.cfm?node=Photos/Graphics



LIERISEOTEXOMESEquencing in the Diagnosis of Ataxia

Publications Using Exome Sequencing to Diagnose
Patients with Ataxia

Introduction of
Clinical Exome

Seq uencmg
- W l
2008 2009 2010 2011 2012 2013 2014 2015 2016

‘;
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HEnkoUsSe EXome Sequencing in Ataxia?

Expression of the major categories of genetic
disease in relation to development

— Chromosomal
—o- Single gene
—+ Polygenic/multifactorial

Most Ataxia Patients, Often Sporadic

Often Familial 20-40%*
40-50%*

- //

e

Numbers of affected individuals

b | A%o00 | @t’ —
*Patients with st t?méetcr Birl'th / Puberty Adulthood
negative work- Development =
up for acquired Redrawn from Gelehrter TD, Colling FS and Ginsburg D (1998)
causes and Frinciples of Medical Genetics, 2nd edn. Williams and Wilkine.

common Pritchard DJ & Korf BR 2003 Medical Genetics at a Glance

genetic causes



WPEsof Nexi-Generation Genetic Testing

metimes called a “Clinical Exome”)
est, covers all ~20,000 genes in the genome

erall (~$5-10K) but least expensive per gene

Yo il = | els” or even a “Clinical Exome”)
Xpensive per gene aditional Sanger panels
5 only a few to hundreds of genes depending on the test

boratories may offer reflex option to whole exome if negative

REMEMBERNS
- W Different laboratories may analyze and/or report results differently
- ® Method does not detect repeat expansion disorders
Not every sequence change causes disease




WHICHEypEe BT INEXt=Gen Seque . r Or Alaxia
TOTAL POSITIVE
PATIENT POPULATION STUDIED | PATIENTSOR | GENETIC DIAGR;‘I\gg e REFERENCE
FAMILIES RESULT
Next-Generation Panel Testing (Few Genes)
Ataxia o .
(age <50 years or familial onset) 20 9 18% Nemeth etal- 2013
Exome Capture Filtered for Gene Panel Testing (Many Genes)
Ataxia

(age <45 years or familial onset)

28

9

32%

Van de Warrenburg et al. 2016

General Whole Exome Sequ

encing (“Ataxia” Listed as a Symptom)

86

11

13%

Lee et al. 2014

Ataxia (symptom only)

59

26

44%

Farwell et al. 2015

Ataxia-Specific Whole Exome Sequencing Studies

(Common Gene Testing Negative)

Ataxia (all patients)

0
(mostly sporadic & adult onset) 76 16 21% Fogel etal. 2014
Ataxia (adult onset) 12 4 33% Keogh et al. 2015
Ata)qa with cerebellar atrophy 23 9 399 Ohba et al. 2013
(childhood onset)
Ataxia (all patients) o
(mostly childhood & familial onset) 22 0 A% Pyle etal. 2015
Ataxia (childhood onset) 28 13 46% Sawyer et al. 2014

“Mini”-Exome (~25%) Filtered

for Gene Panel Followed by All Genes & Copy Number Variation Analysis

Ataxia (all patients)
mostly sporadic & childhood onset

33

14

42%

Marelli et al. 2016




REUENNINGIENENGYPES 16 Improve Diagnosis

Paraplegia (HSP
haracterized by progressive weakness and

0 Spinocerebellar Ataxia worldwide
> Paraplegia (SPG), now up to SPG77

|
4

auses up to 12% of all recessive HSPs worldwide
sSSP GY has been identified in ataxia patients in several whole exome studies

~

s 39%(12/31) families in study of spastic ataxia in Canada (Choquet et al. 2015)

PNPLAG6/SPG39
» |dentified in 20 8 In patients with spastic paraplegia

 In 2014 the SPG39 gene was found to cause forms of cerebellar ataxia

%cluding syndromes with visual and/or hormonal problems (Synofzik et al. 2014)
- Boucher-Neuhauser syndrome
- Gordon Holmes syndrome
- Laurence-Moon syndrome



DISCOVENNGINEWNGENELIC DISorders

n of European ancestry
nbalance and ataxic gait
acquired causes of ataxia

d from paternal side

Sagittal T1 magnetic resonance
imaging of the brain shows very mild
atrophy of the cerebellar vermis
(arrow) with no brainstem
involvement.



e ¢ Glutamate
L

Lurcher < @ PLC/
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e —
Perturbed mGIluR1 signaling
also observed in SCA1 (ATXN1),
SCA3 (ATXN3) and staggerer

e ——
SCA15,16,29 ’
(ITPR1)

SCA41

SCAG6 (CACNAT1A)
EA2 (CACNA1A)
Tottering (Cacnaia)

Ca?*-activated
signaling cascades




rziojel ldaﬂi]ﬂ&:l!lﬁm ofdireatable Patients

rl with progressive balance problem since age 2 years
neuropathy, areflexia and upgoing toes
muscle involvement
1cing identified homozygo Mutations in SLC52A2
des a membrane-bound riboflavin transport protein

LC52A2 causes Brown-Vialetto-Van Laere syndrome
motor neuron disease, deafness, ataxia)



SapIGiGeEnticatonior dreatable .
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Treatment started immediately and symptoms stabilized.

Exercise and physical therapy led to marked improvements.

Now stabile for over 4 years.

Mildly clumsy but playing volleyball, dancing, karate, running
long distance.

SHE IS ESSENTIALLY CURED.




Clinical Evaluation

Detailed History of Symptoms
Comprehensive Neurological Examination
Complete Family History

MRI of the Brain

Most common etiologies /

Diagnostic Evaluation

Screen for Acquired Causes of Ataxia

Genetic etiologies

Common Genes: Basic Diagnostic: Initial Genetic Screenin

Estimated 40-50% SR ey R oM
of Genetic Ataxia

Repeat Expansion Disorders
Dominant: SCA1, SCA2, SCA3, SCA6, SCA7
Recessive: FRDA

If negative
Rare Genes: Advanced Diagnostic: Clinical Exome Sequencing
Estimated <1% If onset prior to age 20 years or suspected recessive

O NEET N TFANEV(-M inheritance consider simultaneous evaluation of parents.




ons to Diagnose Neurogenetic Disease

Can be decades (or never) for rare diseases

Time to Diagnosis

______
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Preclinical Period i i
Induction Period 3 Disease Progression

-
-
-
...........
L
Sa e

Latent Period

R . .  Disease or its comorbidities
Establishing a genetic cause stops may be modifiable

nonproductive search for other causes

* (Genetic counseling
Modified from Nelson, Tanner, Van Den Eeden, McGuire eds: Neuroepidemiology, 2004



f Clinical Genetic Testing

0 uencing is an unbiased form of genomic testing that
genes in the human genome simultaneously

improves diagnosis of clinically heterogeneous
bad application)

to diagnoses that directly affect and
' meaningful)

ome Sequencing ¢z
atient management (c

ecause results are not typically “positive” or “negative”
ysicians must receive training in the proper use and |
interpretation of clinical exome sequencing \ /
(disease-specific interpretation) p -



”‘\

UCLAREGRSIOEP

~ Acknowledgements

Aty and gl ramilizs Web: http://fogellab.neurology.ucla.edu/
Twitter: @fogellab
[AWetrology

Ayveurogenetics
JGLANVIolecular Diagnostics Laboratory
vational ynastitutes or Healitn
\Vational Ataxiaj-oundation

Questions ?

Image from Anatomography maintained by Life Science Databases(LSDB).
From http://commons.wikimedia.org/wiki/File:Cerebellum_small.gif



