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Neurological diseases

» Genetic risk factors

» Access susceptible individuals
» Biomarkers

+ Prevention

» Treatment

Neurogenetic diseases

» ldentify primary cause
» Genetic diagnosis

» Genetic counselling

» Molecular pathogenesis

» Treatment

GWAS in Neurology

» Alzheimer's disease

» Parkinson’s disease

» Neuromyelitis optica

- Lone AF

» Intracranial aneurysm

» Susceptible to infections

» Respond to medications

Neurodegenerative diseases

Amyloid cascade hypothesis

Cummings JL. N Engl J Med 2004
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Alzheimer’s disease

Jucker M & Walker LC. Ann Neurol 2011
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CSF biomarkers

* p-Amyloid 1-42 (APyy)
* Tau

¢ Phosphorylated tau (p-tau)

MCI progression to AD
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2 —Normal CSF
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v 20 P 40 S0 &
Time (months)
Numbers at risk
Tetal 134 131 1 & 74 55 n
Normal CSF 67 66 62 56 47 40 28
Pathological CSF 67 65 49 n 7 15 3

Hansson O, et al. Lancet Neurol 2006

APP, PS1, PS2
AD FTDP-17 - Pathways to neurodegeneration
PS-1/P8-2
mutations Tangles\ ?
{@ ] ? /7 N
BB B Tov st - ot
®
APP mutations/ tau mugt)ims
Trisomy 21 (FTDP-17)

Hardy J. J Neruochemistry 2009

Parkinson's disease

PD control

Early treatment

Control (b) MP!

[ Mythri RB., etal. BrJ Neutri 2011
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Biomarkers
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Parkinson's disease

2nd commonest neurodegenerative dz in human
Prevalence 80-130/100,000 in Asians

— (160-200/100,000 in Caucasians)

Prevalence 1-2% over 65 y.o.

Thai ~ 80,000-100,000 cases

Patte s 13 panssonsn

Yang, Wood & Latchman. Neurorgportzoog

¢ GBAL - mutations

PD control
Familial PD
Locus Cl locus Gene
PARK1/ PARK4 AD 4g21-g23 a-Synuclein*
PARK2 AR 625.2-027 Parkin™
PARK3 AD 2p13 Holsiman'™
PARKS AD 4p14 UCHL1®
PARKS AR 1p35-p36 PINK1™
PARK? AR 1p36.23 DJ1™*
PARKS AD 12p11.2-q13.1 LRRK2/Dradarir’®
PARK9 AR 1p36 ATP13AZ™
PARK10 Disease susceptibility 1p32 Falaiam' ==
PARK11 AD, familial PD 2q36-q37 GIGYF2%™
PARK12 Disease susceptibility Xq21-g25 olsimym'™
PARK13 AD 2pi2 HTRA2™
PARK14 Disease susceptibility 18q11 dalaimw'™
PARK15 AR 22q12-13 FBXO7™
PARK16 Disease susceptibility 1932 Halaimw™
Sporadic PD

¢ LRRK2 - mutations & polymorphisms

¢ SCA2 & SCA3 - triplet repeat expansions

¢ Alfa-synuclein - Repl, duplication & triplication

« Familial - Parkin, PINK1, DJ1, GIGYF2, HTRA2

Glucocerebrosidase (GBA) k!ﬁ

Lysosomal enzyme

— glycolipid glucosylceramide -> glucose + ceramide
Homozygous/ compound heterozygous mutations:
— Autosomal recessive paediatric neurological & multi-system
disorder with parkinsonismis the main feature
Common mutations: L444P, N370S, R120W, D409H, R463C

Carriers: develop PD in adult-life

PD cohorts: hetero. mutations associated with 1 risk of PD

— L444P - 30% of carriers develop PD < 70 yo (30 times > normal)
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EOPD =108; LOPD =100 Remaining PD
=272
l

Identified 6 mutations in 18
cases:14 EOPD, 4 LOPD

control =420

Confirm by sequencing

l

Stat. analysis of data
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GBA mutations k?ﬂ

« Known mutations: L444P (13/1), IVS2+1G>A (1/0)

« Novel mutations:

€.1309delG (1/0) -> V437fsX443

€.1275C>A (1/0) -> N386K

¢.1399C>T (2/1) -> P428S

— 1VS10-9_10GT>AG (3/0)
Acceptor site predict score: 0.98 -> 0.54
— IVS3+1G>C

GBA

Logistic regression analysis of (actors associsted with EOPD and D with age at onset after 50 years.

Disease groups Factars Univariate analysis

0016
0141
0230
0671
0045
0173
041
0001
0003
0176
Far o 15,63 <0001
Smoking vs. non-smoking 0.70 0104

Sequencing data G8 mutation
EOPD (108) v5. AAO > S0y—PD (100) W

RS dota
AAD > 50y~PD (272) vs. contral (395

Comparison PD with GBA mut & Withoutw

Association between CBA mutations and clinical characteristics of 1D,

‘Cinical characteristics G or w1
No
Age at onset (mean 1 D) 0002 094
Disease duration (mean 1 D) oS
Family history 0088 296
Bradykinesia 1000
0350 034
0684 o083
0379 171
1000 K
048 150
0700 208
0291 187
0785 128
G090 b
0006 420
0162 058
(range) 0133 100
n 0501 118
2021 1,000 108
Dopa-induced Dyskinesia | Q006" 57

Parkin (PARK2)

» E3 ubiquitin ligase
« ubiquitin-mediated proteolytic pathway
« Intracellular protein aggregation -> cell death
» Associate with mitochondria:
* |mt complex I activity and ATP production
« altered morphology & tsusceptibility to mt toxins

+ Homozygous/ compound heterozygous mutations:
* Autosomal recessive early-onset Parkinson disease

»+ Common mutations: exon deletions/duplications, point
mutations

- Heterozygous mutations: contribute to idiopathic PD

\J

PD =485 Control =413

| EOPD = 104; LOPD = 119 | [ Control =102 |

Fluorescent-labeled multiplex PCR | | pHPLC |

Identified exon
deletions in 6 EOPD and
5 LOPD

Exon deletions Parkin
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. . (:} w0 Tor ()
Parkin exon deletions (NS} oy o [ o s | s [ e [ e o | I
Mutations
Edd Homo | Hetero.
— _— - . Exidd Homo | - .
Control -ex8 ex? exd extl ExSde . Hetero Hetero
] | I | | Exbdd Heero | - Heeo | - | Hewo | Heteo | Hetero
: Sex " F M ¥ u F M F
- | Ethsic Thi | Thel | Th | Thai | Tha | Tha | Tha | TC
Multiplex PCR PD10182-ex8 . “ex7 exd - exll £l “Tha Chinese (T-€)
1 . | Ageat onset % % 4 s ) & [ ™
= | | | Duration 3 s 7 4 ' 9 2 6
! o | Family history
Clinical features:
Bradykinesia . . + . . ' ' .
Rigidity . ' ' .
Resttrezmor .
POI0355  oxB ex7  exa exii € Poscardl instabily - N
Unifateral onset . . + . N . .
Persistent asymmetry . +
/\ Excllentresptol-dopa |+ | Notuse |+ . . . + .
Hoehn Yabr staging ] 1|3 [ 3eE | 1 | 4em | 2 2
e DHPLC Scoesb & England ADL % 9 | 700 | S0(ed) | 100 | 30(cd) | 90 )
Motor complications
Wearing-off . . . .
On-off +
Freezing
Dyskinesia

Parkin point mutations (U]

« Known mutations: Q34R (4), M458L (1)

EOPD =104

« Novel mutations:

Direct sequencing CECAG T GACCAT G ATA G GTAC CECAGTOACIAT GATAGGTAC
1% v
- M1T (4) R At fun A i
~and VY e eV e 1

— C238G

GOAACATCACT 1:1(.\:: AcaTa

"\,
\,

. i i (1 homozygous)
\\ Confirm by sequencing

\\
\

N ~ V330M (1)

v ‘. .'ll.lw. i A VL
Point mutations Parkin 5\‘(\}\%@"“1}[\“\“ ul ﬁ[\ My

LGATGGOGGGCGTOTTATOCCE

Leucine-rich repeat kinase 2 (LRRKZW LRRK2 variants and Parkinson's disease
» 5 functional domains: L E:f,sslrigzm>r
R10670 R1628P R1728L 174 2019S"
« e.g. signaling pathways for axon guidance, synapse formation, E33K" ﬁéam S973N |1 1517 “A!‘l‘;‘zi iy 120127 (623858 |
and neuronal maintenance i ksuae i . | I "’"f:’n;”ff,;.,%';‘;ﬁs“'
+34> 6| I | T2141M |L2466H
« Interact with several proteins inc. parkin
» Autophagic activity -> TLRRK2 siRNA knockdown:
< Inhibition of autophagy -> prevented cell death s e m |‘a 19 21 2324252627 2031 32 ABBIW 041 44 48 50 51
Gene J‘
» 2° mitochondrial (mt) dysfunction - tmt fragmentation Protein meml_ ARM _jmmml ANK R COR | MAPKKKN w40 jm2s27
\ | \ Il 1 | Il |
» Mutations: most common causes of inherited PD (AD) T T R unEn amas s we
| T1410M
» Sporadic PD in East Asia: R1628P, G2385R o s aor e

Lesage S, et al. J Med Genet 2009
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LRRK2 R1628P (4883G>C)

Genotype frequency (%) Allele frequency (%)
Group N
GlG Glc cic G c
PD 154 139 (90.26) 14 (9.008 1(065) 292 (94.81) 16 (5.19)°
Control 156 151 (96.79) 5(321) 0(0.00) 307 (98.40) 5(1.60)

P-value? = 0.02, PP = 0.01. (Fisher’s exact test)
Odds ratio® = 3.24; 95%Cl =1.09-11.72; p = 0.02

Estimated PAR of 9.43%.

Pulkes, et al. INNP 2011
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DNA 0 cemmic Ricpgp  LISSL  G16246  KI637K  S1647T  M2397T
No. 9P 457T>C  4B72C>A 4911A>G 4939T>A  7190T>C

ES T s et ac oA AT et
27w T cc et s o6 AT et
8w c cs et an o6 AT et
a7 T cs cc s o6 an cc
9w T cc cc s o6 an cc
% T cs et Ac oA AT et
00 T cs cc Ac o6 AT cc
mw e T cs et Ac oA AT et
16 P c cs et Ac oA AT et
@ T cs et Ac oA AT et
L T cs et Ac oA AT et
us T cs cc s o6 an cc
us c cs cc Ac o6 an cc
19 T cs et Ac oA AT et
w1 D T cs cc Ac o6 an cc
w8 cs T cs et Ac oA AT et
02 cs T cs et Ac o6 AT cc
200 s T cs et Ac oA AT et
a5 cs T cc et ac oA AT et
as  cs T s cr Ac oA AT cr

Shared Alleles c A [ A c

R1628P and G2385R in East Asians

Association of LRRK2 exonic variants with susceptibility to M
Parkinson's disease: a case-control study

¥ Japan (173 vs 95)
Korea (844 vs 587)
, Taiwan (369 vs 300)
OverallAsian series (1386 vs 982)
/Age aronset (years]

94 (14 20-59] A

133949390 R8P C + 4 . C 1% o6 ooy - - -
(036107)

Ross, et al. Lancet Neurol 2011

LRRK2 R1628P

« Estimated sample size = 958 alleles or 479 samples/group

Logistic regression analysis of LRRK2 genotypes and other factors associated with PD.

Smoking vs non-smoking 0.76 0.53-1.08 -

Factors Univariate analysis Multivariate analysis
OR 95%C1 OR 95%Cl1

LRRK2 genotypes

CC/GC 195 1.22-2.12 1.81 1.10-297

GG 1

Male vs Female 1.81 1.40-2.34 1.84 141-241

Ethnicity

Thai 1.71 1.25-2.35 161 1.16-2.24

Chinese 1.56 1.00-2.43 147 092-234

Thai-Chinese 1

Family History vs none 19.09 9.52-61.58 2042 6.29-66.25

Comparison R1628P group & without §&j

Association between LRRK2 pRIG2EP and clinical characteristics of PD,

Climal characteistics » [ (5]
Non - 431 (%
Age at onset (mean = SD) 601 2 1 0021
Disease duration (mean = SD! 0563
Family history 063 127
Bradykinesia 1000
Rigidity 1000 094
Rest tremor 0478 074
Postural instability 0366 089
Unilateral onset 0792 087
Persistent asymmetry 0558 083
Progressive disorder ] 205
10-year duration 0386 i
Excellence response (o L-dopa 0631 084
Dopa-responsive =5 years et 165
Hoehn and Yahs staging (mean = SD) 0,001
Schwab-England ADL score (mean = SD) 0,001
Duration of L-dopa treatment (months; mean = 50) 0287
Wesring-ofon-off 0361 099 048201
reeing ons 202 0.89-456
Dopa-induced Dyskinesia 0819 105 042-258
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Summary kgég'

GBA + parkin mutations + LRRK2 R1628P variant:
« Association OR ~ 1.8-25
* 97 patients (20%)
« 3 patients with GBA mut. + 1 with parkin mut. also had R1628P
* Most of the mutations are unique.

Patients with GBA mutations:
« Earlier onset + more frequent positive family history + dyskinesia

Parkin mutations may not be as common as in Europeans,
Japanese

LRRK2 R1628P: Confirmation of the association

« Earlier onset + more rapid progression

14/07/57

v

v

Discussion L))

Genetics factors as important risk of PD

Specific genotypes —vary widely among diff. ethnics
Key factor of successful treatment: Rx at the early stage
Genetic tools + other biomarkers + neuroimaging

- identify people at risk in the asymptomatic stage

Fibroblast cultures

‘ PD=15 ‘ ‘ control age- matched =5 ‘

l Skin biopsy l
Fibroblast cultures

P Biochemical defects & protein studies

Statistic analysis of data

Neuroimaging

Diffusion tensor imaging, Functional MRI

Neuroimaging: DTI_LOPD
SR O T T AEAE D

Neurogenetic diseases
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Epidemiological data Spinocerebellar Ataxias

Genotype-phenotype

» Identify common diseases/ risk alleles
» Education/ training
» Healthcare system

¢ Specialists

* Referral system

e Lab

» Registration/ systematic database

Frequencies (%) of familial ataxias Adult-onset SCAs
(No. of Families) SCAL SCA2 MJD SCA6 SCA7 DRPLA
China (84,120) 56 6,7 48,49 0,3 0,1 0,0
India (42,77) 8,16 26,25 53 0,0 0,3 0,0
Japan (202, 330) 3,6 52 43,28 11,26 NT, 1 20,7
Korea (87) 0 13 5 7 0 3 Table 1 Fi ies of the common ataxias in Thai patients
Singapore (58) 1 . 22 s o s Familial group (%) N = 86 Sporadic V:Jl:f\li N=179 rmif‘f-:’:: 265
Thailand (86) 21 12 47 7 0 0 1 r 70) 2@ w’
Taiwan (74) 5 1 47 1 27 1 21 (.73 61 (2302
Australia (88) 16 6 12 17 2 0
France (146) 15 10 32 1 NT NT Paients without mugtion 134 GOSN
Germany (77) 9 10 42 22 NT NT
Italy (116, 183) 24,21 47,24 0,1 2,1 2,1 <1,1
Portugal (269) < 2 52 < 1 5
UK (19) 37 47 5 NT NT NT
USA (178) 6 15 21 15 4 NT
South Africa (54) 41 13 4 2 22 NT
*NT = not test

Table 2 Comparisan of dlinkcal profile and features of unrelated Thai patients with SCA1, SCAZ, MID and SCAS
scar sca o scas pvaiont

SCA in Thailand
"F\-'”N?rth

Northeast

oo~
oo

3 ’ oo
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Huntington's disease

» CAG repeats

. <27 asymptomatic

e 27-35 Intermediate

* 36-39 HD incomplete penetrance
* >39 HD complete penetrance

14/07/57

Huntington's disease

Comparison of the distributions of triplet repeats in the control and HD chromosomes in the Chinese

and white populations

Boston Cardiff Vancouver Taipei
(Duyao et al’) (Snell et al’) (Kremer et al’) (This study)
Normal controls 545 1160 600 159
Range of repeat numbers 11-34 9-34 10-39 g=29
Mean 1971 1829 184 (736
Median 19 18 ¥
SD 321 313 1-97
HD mutant genes 425 440 995 35
Range of repeat numbers 37-86 16-70 36-121 40-58
Mean 46-42 41-88 45-3 44-941
Median 45 44 44
SD 668 667 415

Soong BW, Wang JT. J Med Genet 1995

Huntington’'s disease

A Haplogroups
VoW 1311 4 33 45 63 65 66 0 B9 9 97 112119168126 17A1E) 143185190

A Haplogroup A variants
e )

5 80 69 95 97 112119169176 178 180 102185190
mEC GGCA*GCCT GGCTCA am
It GrxCcA@ccc@ GG CEC* a2l
asEm GGCAAG*CT G CEC * A3
Moc *GCAAGCCT GGceldcw :;
* T *
o GGCAACGC Acc@c o
B Frequency of haplogroup A variants
HD (>35 CAG) 27-35CAG

General Population (<27 CAG)

b v a High CAG
o1 o1s L N
N i
o N 20

. Low CAG

a4 30

Mean CAG Me

@G S TV TV PPRPP PRSPPI T TTTTTT T

CAG size

AG 1

Warby SC, et al. Am J Hum Genet 2009

Huntington's disease

N of chromosomes (total = 457)

Mean CAG repeats
=165+17

CAG repeat numbers

Huntington’'s disease

Haplogroup Haplogroups A
Ho Control o Gantrol
W
A (Thai)
o ™ s 1w ™ wht
"
oy s
e ~
owers x5
e Other A
san
™

™ ™ =
8 (Caucasian) % 10%
%
s
M

Huntington's disease

Haplogroup AS

P S

Haphogroup €
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Myotonic dystrophy type 1

% of population

35

01

25 H

20 H - 0 Thai
m African

15 M 0J Japan
[ Europe

10 H

5 H

L LT v ] ) fla ol

i e i e i B R e e i
CAG repeat numbers

14/07/57

Myotonic dystrophy type 1
% of chromosomes (N=396)

35

=
el

567890NRIBIUI5I61TI1819X

CAG repeat numbers

Myotonic dystrophy type 1

x2Yates | y2Yates | y2Yates | y2Yates
No. of Thai- Thai- Thai- Thai -
CT16 Thai Africa Taivan Japan | Europe Africa Taivan Japan Europe
repeats (P-value) (P-value) (P-value) (P-value)
518 389 a7 489 9 115 3919 1393 584 14415
>18 1 3 7 9 15 (0.0477) (02379) | (0.0157)* | (0.0001)
Prevalence of DM 2| Almost0 | 1/200000 | 1/20,000 | 1/8,000

Oculopharyngeal muscular dystrophy

a) Normal
5

C - 3
] 5
1 2 3 4 5 6 7 8 9 10
b) (GCGL{GCAl(GCGJ!GCA)E(GCG}‘: 12 alanine molecules
70

¥ [cecH{cacHeacHeecHea GC 5

c) (GCG)E(GCA)JGCG]‘ =12 alanine molecules

¥ 5

Oculopharyngeal muscular dystrophy

‘Contents lists svalable at ScienceDiroct o
Journal of Clinical Neuroscience u
journal homepage: www.elsevier.com/locate/ocn
Clinical Study

Mutation and haplotype analysis of oculopharyngeal muscular dystrophy in
Thai patients

ilkes*, €. Papsing. M. Busabaratana, C, Dejthevaporn, R. Witoonpanich

g, Opertment of Medicine Focuby of Modiio: Ram b Horpt o, Mabidd Uniersy. 70 Rarsa V1 R, Banghob 10400 Todind

ABSTRACT

Oculopharyngeal muscular dystrophy (OPMD) is an inherited neuromuscular disease associated with a
short trinucleotide repeat expansion in Exon 1 of the PABPN1 gene. OPMD is uncommon in East Asian
populations, and t! reports of Thai patients. We studied clinical and molecular
genetic features ith autosomal dominant OPMD. All patients had expan-
sions of the guas ] repeat ranging from three to seven additional repeats in
the PABPN1 gene. Haplotype analysis showed that these mutations might have originated independently.
Analysis of the size of the GCG repeatin the PABPNT gene in 200 Thai control patients showed that 0.5% of
the control subjects possessed (GCG);, thereby suggesting that the prevalence of autosomal recessive
‘OPMD in the Thai population was approximately 1 in 160,000, In conclusion, our data suggest that OPMD
in Thailand may be more common than previously thought.

unrelated Thai pati

To fight against genetic diseases

» Epidemiological data

» Risk alleles of complex genetic diseases

¢ Specialist team
* Standard lab

* Funding

10
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