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PARKINSON'’S DISEASE: INHERITANCE

® Sporadic mFamilial ®mMendelian <0.1%

Parkinson’s disease/parkinsonism causative genes/loci

PARK1/4: (D, susceptibility), 4g21: SNCA
PARK2: (R, susceptibility?), 6q25.2-q27: PRKN
PARKS6: (R) 1p35-p36: PINK1
PARK7: (R) 1p36: DJ-1
PARKS: (D, susceptibility) 12q12: LRRK2
PARK17: (D) 16q12: VPS35
PARK18: (D) 3q27: EIF4G1
PARK19: (R) 1p31: DNAJC6
PARK20: (R) 21q22: SYNJ1

(D) 3q22: DNAJC13

PARK3: (D?, reduced penetrance) 2p13
PARK5: (D?, susceptibility), 4p14: UCHL1
PARK9: (R) 1p36 (Kufor-Rakeb syndrome)
ATP13A2

PARK10: (susceptibility?) 1p32

PARK11: (D?) 2936-37 GIGYF2?

PARK12: (X-linked?) Xq

PARK13: (D?) 2p13 HTRA2

PARK14: (R?) 22q13.1 PLA2G6

PARK15: (R?) 22q12-13 FBXO7

X-link Xq28: RAB39B
a Ua QXREKRIﬁISAgN DI(SEAnSI‘Ead) q28 39 FTDP17: (D, susceptibility) 17q21: MAPT
ASSOCIATION Rapid-Onset Dystonia Parkinsonism: ATP1A3
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LARGEST META ANALYSIS PUBLISHED

Stage 1: discovery meta-analysis (9,830 overlapping SNPs)
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POLYGENIC RISK SCORES (PRS)

Risk Model A Model B Risk prediction
stratification

Very high risk —> | 2 Invasive
e
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LARGEST META ANALYSIS

K ( £ 40~ - g — - -
:
- o: W
. bl
[] it '
i These 90 variants explained 16 % of the heritable risk of PD
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1.4M controls g r . 2
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GWAS IN NON-EUROPEANS

. e 779 PD cases, 13,227 controls from Singapore, Hong Kong, Malaysia, Korea,
- mainland China and Taiwan. Strong associations at SNCA, LRRK2 and MCCC1
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GENETICS OF PD IN LATIN AMERICA

Low frequency of common LRRK2 mutations in Mexican patients with

Parkinson’s disease PD= 319
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DIVERSITY IN GENETICS

Genomics is failing on diversity

Alice B. Popejoy & Stephanie M. Fullerton
12 October 2016

An analysis by Alice B. Popejoy and Stephanie M. Fullerton indicates that some
populations are still being left behind on the road to precision medicine.
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2009 2016

373 studies 2,511 studies
1.7 million samples 35 million samples

96% 81%
European European
ancestry ancestry
Asian
i

Other non-

European
49, Non- 199 Non-
European European
ancestry ancestry

Y

Terms for ethnicity are those used in the
GWAS Catalog. Some have changed
between 2009 and 2016 as sampling
0.579%, - has increased. Samples of European
% origin have the most specific
descriptions of population ancestry.

0.159% ; |

0.06% - 0.549%,-
0.06% -

,3%



PRS ACROSS POPULATIONS
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Fig. 1| Ancestry of GWAS participants over time, as compared with the
global population. Cumulative data, as reported by the GWAS catalog™.
Individuals whose ancestry is 'not reported’ are not shown.

Fig. 3 | Prediction accuracy relative to European-ancestry individuals
across 17 quantitative traits and 5 continental populations in the UKBB. All

PERSPECTIVE

https://doi.org/10.1038/541588-019-0379-x

Clinical use of current polygenic risk scores may
exacerbate health disparities
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LATINOS IN THE US

US Hispanic Population and Projections 19502050
{000) Millions
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LARGE-PD

the GEnetics s Disease
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LARGE-PD IN 2006
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LARGE-PD
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New sites:

8 new sites in
Brazil (CBPD
consortium)
Honduras
Costa Rica
Puerto Rico
Mexico



LARGE-PD RECRUITMENT & DATA COLLECTION

Country No. of samples recruited
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ANCESTRY INFORMATIVE MARKERS (AIMS)

GLOBAL ANCESTRY
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Families+sporadics (N=629) (N=403) 4.6%) (N=2969) Control 2.4%

Control 0.4%

Families and/or Early onset (N=957) (N=841)
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Mov Disord. 2017 Sep;32(9):1330-1331. doi: 10.1002/mds.27081. Epub 2017 Jun 28.
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ARTICLE  OPEN
Variable frequency of LRRK?2 variants in the Latin American

research consortium on the genetics of Parkinson’s disease
(LARGE-PD), a case of ancestry

Mario Cornejo-Olivas', Luis Torres*, Mario R. Velit-Salazar'*, Miguel Inca-Martinez', Pilar Mazzetti"*, Carlos Cosentino®*,
Federica Micheli®, Claudia Perandones®, Elena Dieguez’, Victor Raggio®, Vitor Tumas®, Vanderci Borges'®, Henrique B. Ferraz
Carlos R. M. Rieder (3!, Artur Shumacher-Schuh'", Carlos Velez-Pardo'?, Marlene Jimenez-Del-Rio'?, Francisco Lopera'?,
Jorge Chang-Castello™, Brennie Andreé-Munoz'*, Sarah Waldherr'*'%, Dora Yearout*"%, Cyrus P. Zabetian'*'® and Ignacio F. Mata™>'®

0

LARGE-PD: Examining the genetics of Parkinson's disease in Latin America.

Zabetian CF’1-2, Mata IF1-2; Latin American Research Consortium on the Genetics of PD (LARGE-PD).
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* Only in Asia

Pathogenic

# ARM H ANK

Risk factors

Pert Cases
“mestizos”(n=420)

Pert Controls

0
“mestizos” (n=146) 127 (87%)

Per(i Controls

0,
o Amerindians (n=49) & ()
2 Chile Cases (1=358) 326 (91%)
=
i Chile Controls (n=162) 151 (93%)
8 Uruguay controls

147 (98%)

(n=149)
Argentina Controls 7
(n=95) 93 (97.9%)
Spain Controls (n=59) 59 (100%)

350 (83.3%) 62 (14.8%)

8 (1.9%)

17 (11.6%) 2 *(1.4%)

12 (245%) 3 (6.1%)
31(8.7%) 1(0.3%)
11 (7%) 0
3 (2%) 0
2 (2.1%) 0
0 0

* 1 with Family History
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LRRK?2

Table I. Allele and genotype frequencies of LRRE? p.Q1111H (r:73365431) Parkinsonism and Related Disorders 17 [2011) 629-631
Site Affection Samples Genotype GG Genotype GT Genotype TT G allele No. T allele No. | Odds ratio pvalue Contents lists availabla at ScienceDirect
status Ne. Na. (%) Mo (%4) No. (%) (%) (%) (95% CT) ) ) )
T = o Parkinsonism and Related Disorders
Cazes 179 175 (97.8) 0 R - , , ,
Argentina Q.2 (98.9) .y HA NA journal homepage: www.elsevier.com/locate/parkraldis
Controls NA NA NA NA NA WA Short communication
Cases o 408 (99.0) 4 0 820 4 Lrrk2 p.Q1111H substitution and Parkinson's disease in Latin America
Brazil [¢Y) (99.5) (0.5) 093 0919 Ignacio E. Mata*"*, Greggory J. Wilhoite©, Dora Yearout®®, Justin A. Bacon <, Mario Cornejo-Olivas®,
ra 1 1 563 3 (024351 - Pilar Mazzetti, Victoria Marca ¥, Olimpio Ortega “. Oscar Acosta®, Carles Cosentino ! Luis Torres’,
Controls 283 281 (99.3) - - Angel C. Medina®, Carolina Perez-Pastene ", Fernando Diaz-Grez", Carles Vilarifio-Giiell ',
(0.35) (0.33) (99.5) {0.5) Pablo Venegas, Marcelo Miranda'*, Osvaldo Trujillo-Godoy, Luis Layson', Rodrigo Avello™,
_ Elena Dieguez ", Victor Raggio®, Federico Micheli?, Claudia Perandones®, Victoria Alvarez 9,
Cases 197 188 (35.4) 9 0 385 g Juan Segura-Aguilar ¢, Matthew J. Farrer !, Cyrus P. Zabetian *", Owen A. Ross®
- (4.6) 7.7 2.3 1.7
Colombia 0.342
5 363 5 (0.56-5.21)
Contrels 184 179 (97.3) 0
Q.7 (98.6) 14
80 5 185 5
Cazes 85 /]
Ecuador (94.1) (5.9) (§7.1) 29 NA NA
Contrels NA HA NA NA NA HA
82 10 270 102
Cazes 536 444 (82.8) )
{15.3) (L9 {90.5) (9.5) 1.03
Pern 0.884
42 2 450 46 (0.72-1.46)
Controls 248 204 (82.3)
(16.9) 0.8) (0.7 ©.3)
4 548 4
Cases 280 276 (98.6) 0
(L4) (99.3) .7 0.67 10
Uruguay 0.447 P
7 537 T (0.25-1.88) 2 ® Feru
Contrels 7 265 (97.4) o 9 r = O 9 9
(2.6) (98.7) 1.3 7] .
= = 8
108 10 3250 128 Q
Cazes 1689 1571 (93.0) -
(6.4) 106) 96.2) G.3) L2 =7
Combined 0.873 S
55 3 1913 61 (0.75-1.40) © 6
Controls 987 929 (94.1) . Q
(5.6) 0.3} (96.9) [ERY) T 5
Estimated odds ratios (ORs) with confidence intervals (Cls) and p-values result from logistic regression meodels adjusted for age, sex, and site (for the combmed i
=
sample only). — :
- 3 Argentina
s 2 ® Colombia
X Brazil
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Colombian GBA mutations (n = 13) Colombian mutation distribution

Contents lists available at ScienceDirect

Parkinsonism and Related Disorders
L444P

23.08%

journal homepage: www.elsevier.com/locate/parkreldis

Short communication

The distribution and risk effect of GBA variants in a large cohort of PD
patients from Colombia and Peru

Carlos Velez-Pardo™"', Oswaldo Lorenzo-Betancor™“', Marlene Jimenez-Del-Rio™"",

Sonia Moreno®, Francisco Lopera”, Mario Cornejo-Olivas™, Luis Torres™*, Miguel Inca-Martinez®,
Pilar Mazzetti®%, Carlos Cosentino®¥, Dora Yearout™, Sarah M. Waldherr™®, Cyrus P. Zabetian"*,

Ignacio F. Mata™&™+**
Peruvian GBA mutations (n=20) Peruvian mutation distribution
T RATX
5%
i CARNISI:RB Colombia Peru Combined
05.75% OR OR OR
PD CTRL  (95% CI) PD CTRL  (95% CI) PD CTRL (95% CT)
P y P
N2 131 164 471 155 602 319
N males (%) | 63 (49.2) 82 (50) 258 (54.8) 49(3L.8) 321(53.6) 131 (41.2)
AAE,y 64.6+13.4 53.8+141 62.1+12.2 i;z 02.6+12.5 62.1+122
AAO,y | 493164 N/A 57.1+13.2 N/A 55.4+143 N/A
Pathogenic 5.9 4.1 4.3
USA GBA mutations (n=61) USA mutation distribution Carrierst (%) | 13(9.9) 3(18)  (1.5237)| 20(42)  2(13) (09-186) | 33(5.5) 5(1.6)  (16-1L5)
0.012 0.063 0.004
84dupG Pathogenic
_____ ————— D140H 4.92% Carriers + E326K 6.2 4.5 4.2
. e (%) | 150114 4(24)  (1.8-212) | 23(4.9) 2(1.3)  (1.0-19.9) 38 (6.3) 6(1.9) (1.7-10.4)
0.003 0.048 0.002
| NON
CARRIERS
95.54%

L444P
32.79%
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NEW PROJECTS

Stanley Fahn Junior Faculty Awards | $900,000

- 1
High Throughput in \Wivo Screens for Targeted Parkinson’s Disease Gene P k
Therapies June 2016- I\/Iay 2019 ur Inson S
James Dahlman, Ph.D.. Georgia Institute of Technology F d t'
Parkinson’s Genetic Risk Factors in Latino Populations $300)000 OU n G ID n

lgnacio Fernandez Mata, Ph.D_ University of Washington

Direct Pathway Striatal Activity in Dyskinesia
Alexandra Nelson, M.D., Ph.D., University of California, San Francisco

SPECIFIC AIMS

Aim 1: Identify PD-susceptibility variants in Latinos.

We will genotype almost 2 million variants across the entire genome in 1,500 LARGE-PD patrticipants using the newly
designed MEGA chip.

Aimla: Admixture mapping approach

Aim1b: Conventional GWAs and GWAs combination using a newly developed cross-population empirical Bayes (XPEB)
approach.

Aim 2: Sequence known PD causal genes in Latino families.
Aim2a: We will select 20 individuals with a strong family history of PD and sequence all known PD-causal genes using a next-
generation sequencing (NGS) panel to identify the variant causing PD in those families.
Aim2b: We will enroll and obtain DNA from additional family members (affected and non-affected) for those families that were
identified as not carrying a causal variant in Aim 2a.

This proposal will provide the first large-scale PD genetic study conducted in a Latino population. Completing
these aims will improve our understanding of the role of known PD genes in Latinos, as well as identify novel
susceptibility variants/genes.
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AIM 1: IDENTIFY PD-SUSCEPTIBILITY VARIANTS

IN LATINOS

POP STUDY African  European East_Asian Amerindians

Affica  HapMap3 +HGDP  93.4%  66% 0.2% 0.1% Pu rkinson's
America HapMap3 + HGDP 1.2% 1.9% 0.6% 96.3%

Local Ancestry Foundation
Europe HapMap3 + HGDP  20%  $6.3% 0.9% 0.9%

MEX  HapMap3 + HGDP  60%  518% 13% 40.9%

Argentina LARGE-FD 27%  841% 0.5% 128%

E-:-EE.:) LARGE-PD 06%  89% 0.4% 9.1% Chromosome View v =  Subregional Resolution ':r';:_e:::h‘c;'rz?sp';:“l:ﬁ;:gr;:’;:a;‘:;";:ﬂ;:; '&m::’;’;;

(Lima) LARGE-PD 6.1% 25.3% 0.4% 68.1% you received from all of your ancestors, on both sides of your
1 I BN S S N ey (3mify. The results reflect where your ancestors lived 500 years

rugusy_LARGE-PD 15% e2.r% 48% 10.9%, N ———] § (A BN 500, before ocean-crossing ships and airplanes came on the scene
Colombia LARGE PD Ren  saTh 0w zan o S L e
i e RS 2T e LM BT B 473% European
4 W Em ERTEEIT -l
EENEERT IR BT R B ] LS8 Southern European
s N R—
— 1 16.09 B iberian
B N ——— N — < 8
7 7.1% B talian
8 17.7% Nonspecific Southern Euro...
9 B Northern European
10
Nonspecific Northern Europ...
1
12 . Eastern European
12 07% [ Ashkenazi
A good set of reference panels e

B 41.5% EastAsian & Native American

for each of the ancestral ;,

27.5% . Native American

populations is necessary  *® 26% M EostAsin
20 11.4% Nonspecific East Asian & Native...
21 1 — B 29% Sub-Saharan African
2 -
X g — L B 09% Middle Eastern & North African

. North African
Nonspecific Middle Eastern & No...

. 0.1% Oceanian

AMERICAN
PARKINSON DISEASE
ASSOCIATION

Strength in optimism. Hope in progress.



AIM 1: IDENTIFY PD-SUSCEPTIBILITY VARIANTS

IN LATINOS

1,536 individuals Infinium® Multi-Ethnic Global BeadChip

1,779,819 variants . : . . _
/ ’ A cost-effective array for understanding complex disease in diverse human populations.
Introduction Table 1: Multi-Ethnic Global BeadChip Product Information
QC Feature Description
Totd Mo. of Markers 1,779,819

1,498 individuals
1,294,079 variants

Genotyping rate=0.998493

Product
Specification

Maximized Imputation Accuracy

T 0 contant for the Infinium

Expert-Selected Content

The Infinium kulti-Ethnic Global

Table 2: Imputation Accuracy for 5 Populations from 1kGP at
Differant MAF Thresholds

Minor Allele Frequency (MAF) Threshold
Population® 0.5-1% 1-5% = 5%

P contains the

The Infinium kulti-Ethnic Global B

following content:

AMERICAN :
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ASSOC'ATION througt
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AIM 1: IDENTIFY PD-SUSCEPTIBILITY VARIANTS
IN LATINOS

-0.04 1

PC2
*

+ African

+ Brazil

+ Chile i
Colombia

-0.08 1 + European

+ Native American

+ Peru

+ Uruguay

-0.050 0,025 0.000 0.025
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NEXT-GENERATION SEQUENCING OF PARKINSON'S GENES IN

UNDERSTUDIED LATIN AMERICAN POPULATIONS

Sept 2017- Aug 2018
$50,000

anaa
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Figure. Genes included in the NGS panel

DEMENTIA PD/Parkinsonism
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Goal: 300 individuals with family history

To date: We have done 164 PD patients with family

history
(~¥25% have mutations in known PD genes)




NEXT-GENERATION SEQUENCING OF PARKINSON'S GENES IN

UNDERSTUDIED LATIN AMERICAN POPULATIONS

Family #PD .
| proband SEX|AAO|AGE samples PD genes sequencing panel |
T Figure. Genes included in the NGS panel
ima — ) -
PPPO132 F |44 | 46 2 None :
DEMENTIA ; :
PPPO148 | F | 61 [ 64 | NA [None p PD/Parkinsonism
PPP0156 M | 40 | 48 2 None /'/
PPP0704 F 29 | 49 3 PARK2 p.Q165E heterozygote (novel)* ;1,;15:
PPP0709 F 24 | 36 3 PINK1 p.L532delinsLQ homozygote '/ gﬁﬁn
. PARKY p AS6T heterozygote. African MAF = 0.01506 \ HTRA1
PPPO714 F 62 | 73 2 \ TREM2
VPS35 p.K382R heterozygote. African MAF = 0.01641 ;’_gKP'
PPPO715 M | 37 | 40 2 None N FuUs
PPPO732 M |19 |29 4 None \\
PPPO757 F 511 71 2 None <&
Ribeirdo Preto
RPP0870 M | 66 | 71 4 None
RPP2761° | M | 22 | 29 4 |None
RPP3275 M | 30| 36 3 LRRK2 p T1410M heterozygote. African MAF = 0.02085
RPP3728 M 30 | 42 3 PARK7 c.252+2insA heterozygote” -
RPP4534 M | 54 | 62 5 None )
RPPSSTSS F 32 i 3 None Previously reported Fx 2 g é ,z’: é
RPP9213 F 29 | 34 3 FBXO7 p.T22M + p.R321X (novel) mutations B3 2 25 i e
Buenos Aires = -
FP domain (Fbox] | Pro-ich
ARP0115 F 68 | 75 5 ATP13A2 p.V89l homozygote ! _I
ARPO'ISQS F 50 67 4 None PINK1 interaction
ARPO100° | F | 78 | 82 3 |LRRK2 p.R1514Q heterozygote (not pathogenic) Brazilian family
ARP0143 M | 61 | 63 4 None

oA ﬁ]dzl
Sept 2017- August 2018 .

$50,000 %; 6 78 slz T
.PD + 1+ L+ + + + + 1+ Ro S o+ + 1+ L+
.ngm O
."=*='=""r e oo ow A 5 4 60 49 45
[8] o tiremi A1 B
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INCIDENCE OF PD IN LATINAMERICA

Y American Joumnal of Epidemiology vail. 157, No. 11
@g Copyright © 2002 by the Jahns Hopking Bsoombarg School of Pubiic Hastn Frintedin LS4
All Fights raserved DOl 10.1000/a/afkwgoas

Incidence of Parkinson’s Disease: Variation by Age, Gender, and Race/Ethnicity

Stephen K. Van Den Eeden’, Carcline M. Tanner?, Allan L. Bernstein®, Robin D. Fross®,
Amethyst Leimpeter!, Daniel A. Bloch®, and Lorene M. Nelson3

TABLE 3. Age-specific and age-adjusted annual incidence rate® of Parkinson's disease by gender and race/ethnicity, Kaiser
Permanente, 1904-1005

Famale Mais Total
Racatstnnicity Age . Aps ADe- ﬁ:ﬁ‘e Age- AOE 20
and ags (yeers) ?z‘f p;;?: speciic agusted  mp Cﬁ? P;'B:?'; spectc BOjEtsd o ratio Bpecic Edej"u:;;, =
mEe et g rata  ratet [ T
Non-Hispenic
Whits
a0-39 2 24BATT oa1 4] 246 535 0.00 040
4049 & 2@ 146 8 2eepes 200 21 ez
50-59 15 210878 Ta2 21 184722 1098 15 BEe
6069 45 154803 2872 75 1mgs 524 18 a0
70-79 Ba 108283 BLIE 131 B4 143 18 10863
=80 2 42E47 GEE6 56 A0 20043 31 11800
Tota! 13 1098797 08 74,123 201 969206 185 165225 20 126 116157
Black
209 I TT-TT 0 = 000 000
4049 0 am7m@ 000 1 8720 348 146
5059 2 am Bse 3 m7or  13H 15 i0EE
6069 3 13845 6T 3 14406 2082 0 HmM
] ] B217 6085 1 6,366 TR.E4 1.3 6857
280 2 2747 72m1 4 1820 21858 a0 130
Totad 12 126789 g1 38,123 16 102300 140 87182 17 102 64,140
Aslan
20-39 0 55428 00D o 45404 000 000
4049 1 seEel 168 3 4553 659 s asz
50-59 & @am 1oz 1 moer 3 0z se
6069 3 221m  1as 4 1743 2 17 17
7079 H 7381 ETT4 E] gi62  110.27 16 007
=80 2 1322 15128 1 1852 5400 04 saE2
Total 17 176984 4 62,160 18 147477 108 63154 10 113 72153
Hspaniciating
a0-39 [1] 64,808 0o 1 67,538 1.74 oaz
4049 2 gaE am 1 s zae 06 242
50-59 2 e Bs2 5 2T 280 27 1645
AMER'CAN 6069 8 15885 5107 12 iEET 7RSO 15 BdE2
70-79 ! 5772 6630 10 5297 18B.70 27 1z648
a D 8 PARK'NSON D|SEASE =80 1 1147 BTAR 1 837 11148 12 78S
ASSOC'AT'ON Total 17 1513 ne B8l W 122 20 168,282 18 166
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INCIDENCE OF PD IN LATIN AMERICA

Nominated From: University
of Washington

Research Site: Peru
Research Area: Neurology

Primary Mentor: Ignacio Mata

Environmental and genetic factors of Parkinson’s
disease in a rural village in Peru: a population
based study

Parkinson’s disease (PD) is a neurodegenerative disorder
characterized by bradykinesia, rigidity or tremor together with a variety
of non-motor symptoms.(1) Etiology of PD is multifactorial, and the
majority of PD cases comprise susceptibility genetic variants that are
influenced by environmental factors that determine its clinical
heterogeneity. (2) Mutations in eight causal genes; SNCA, PARK2,
PINK1, DJ-1, LRRK2, VPS35, DNAJCJ13 and RAB39B; and over 30
susceptibility genes and loci are widely associated with the etiology of
PD. The exposure to toxic environmental agents such as pesticides,
solvents and heavy metals, have been traditionally associated with
PD. However, there is limited evidence in systematic studies, due

orobablyv_to the heteroaeneitv of the studies. (3) There are verv few studies about the association between
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MENTORING AND TRAINING SCIENTIST IN
THEIR OWN COUNTRIES

Genetic epidemiology in
neurodegenerative disorders
International workshop
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SUPPORT THE COMMUNITIES

HMature. 1983 Mov 17-23;306(5940): 234-5.

A polymorphic DNA marker genetically linked to Huntington's disease. World Report I

Cell, Viol. 72, 971-883, March 26, 1933, Copyright © 1993 by Coll Press

Left by the lakeside
A Nove.l Gene co ntai ni ng a Tﬁ nuclentide Re peat Two decades ago, researchers flocked to a small fishing community on the shores of Venezuela’s
Lake Maracaibo to study the villagers’ susceptibility to early-onset Huntington's disease. The
T hat ls Expanded and U nstable scientists are now gone but, says Mike Ceaser, the residents of Lake Maracaibo are no better off.

on Huntington’s Disease Chromosomes

The Huntington's Di Collaborative Introduction

researeh Group” Huntington's disease (HD) is a proaressive neurodeaener- Huntington's disease: the new gene
therapy that sufferers cannot afford

Caribbean Sea Efforts to treat Huntington's disease involve costly drugs way
beyond the reach of the poor communities in South America
who take part in research studies

OCaracas

Barranquitas O ake
Maracaibo

VENEZUELA

COLOMBIA ‘

1/10 (vs 1/10,000)

AMERICAN e
PARKINSON DISEASE T R
ASSOC'ATION A Ferdinand, 42, h',_::th_‘:'_{UL La ,:e..xr His father having

ha died early, neither Ferdinand or his wife knew the disease
was in the family. Photograpt ck Garcia for the Observer
Strength in optimism. Hope in progress.
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