Neuropathy.
Nerves before and after TTR.
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Amyloidosis

Amyloid deposit.
Precursor proteins.
Fibrilar ptn.

Lesion to tissues.

Mechanism?




A TTR.

SSA or Wild Type ATTR v e
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Hereditary ATTR. hATTR.

Artéria pulmonar

Veis cava

aupestor Atrio esquerdo

Atrio
dirsito Velas pulmonares

Ventriculo
esquerdo
Veia cava

inferior




TTR transport vitamin A and tyroxin.
98% production in the liver

> 100 mutations

V30M most common

Tafamadis-bound = Folded Misfolded A ¢
tetramer ree tetramer monomer monomer ggregates
Oooo Spherical

O O Amorphous

< '.:.\. ) - < / . > . [ — >
ligand N \B‘\ A% rate-limiting - monomer aggregation
dissociation 4/ tetramer misfolding , v
/s “  dissociation Ao W% Fibrillar
Functional TTR structures TTR structures linked to pathology

Cortesia do Dr. Jeffrey Kelly.
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Amyloid endoneurial deposition

* Axonal loss. Unmylienated fibers
. Small myelinated fibers
. Large myelinated fibers
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Early detection of disease. Better treatmemt
outcome.

* FAP stage 0. Congo red - fibers.
* Imunohistochemistry + TTR non fibrilar deposit.

* FAP stage | . Congo red + . Fibrilar amyloid deposit.
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Increasing evidence supports the hypothesis that soluble misfolded protein ass€8s contribute to the degeneration
of postmitotic tissue in amyloid diseases. However, there is a dearth of reliable nonantibody-based probes for selec-
tively detecting oligomeric aggregate structures circulating in plasma or deposited in tissues, making it difficult to
scrutinize this hypothesis in patients. Hence, understanding the structure-proteotoxicity relationships driving amyloid
diseases remains challenging, hampering the development of early diagnostic and novel treatment strategies. We
report peptide-hased probes that selectively label misfolded transthyretin [ﬁwomers circulating in the plasma



Table 1. Sample age and demographics for the non-native TTR detection by the B-2 SDS-PAGE assay presented in Figs. 4G, 6, and 7.

Genotype (n) Female/male Age (means + SD) Origin

Healthy dDI‘IDfE [3{]} 18/12 51 +16 UI'IItE'd States {23] Japan { ]
UBHM asympmmatlc “3] 5);? 35 :.]3 qugal “2} Ume{j States {]
ﬁﬂm FAF {43} ﬂ?_ 43 ;.M Pmugal {34} Japan { } UmtEd StatES {2}
WT [ardmmyﬂpath}, “5} m4 ?513 Ummd States “5}

WE;,J {6} 4{2 ?615 UmtEd StatES{}

Dther TEDA {4} F445 {2] T?QK {1} T49F' {1] I84N { ] SSEII (1), and S50R (1) 5/6 56 + 11 Unlted States {ﬁ} Japan {5}



B-2 non-native TTR labeling
in the high-MW fraction

F < 0.0001

P = 0.0004
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Healthy Asympt. FAP

donor VI0M VIOM

(n = 30) (n=13) (n = 43)

Fig. 3. Probe B-1 selectively differentiates FAP patient samples from
controls. (A) Experimental setup and representative SEC chromatograms, where
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Fig. 7. Non-native TTR is detected in predominantly neuropathic hereditary
TTR amyloidosis and not detected in cardiomyopathy-associated genotypes.



Misfolded oligomers decrease in TTR amyloid polyneuropathy patients treated with disease-modifying
therapies (tafamidis or liver transplant-mediated gene therapy). In a subset of TTR amyloid polyneuropathy patients,
the probes also detected a circulating TTR fragment that disappeared after tafamidis treatment, Proteomic analysis of
the isolated TTR oligomers revealed a specific patient-associated signature composed of proteins that likely associate
with the circulating TTR oligomers. Quantification of plasma oligomer concentrations using peptide probes could

become an early diagnostic strateqy, a response-to-therapy biomarker, and a useful tool for understanding structure-
proteotoxicity relationships in the TTR amyloidoses.



H ATTR. Disease that affects

multiple organs
h ATTR PN = FAP and
h ATTR CM= FAC



Presentation depends on mutation, age at onset and
geo location.

E89Q
G47A
F64L

PAF
FAP

V30M _ .
Early onset Neu rologlc Phenotype ca rdIaC
Wild type




TTR Amyloidosis is a Severe, Progressive Disease
Affecting Multiple Organs
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Ocular Manifestations

Vitreous opacities
Glaucoma

Abnormal conjunctival vessels

Papillary abnormalities

Gl Manifestations

Carpal Tunnel Syndrome
Autonomic Neuropathy

Nausea & vomiting

Early satiety

Diarrhea

Severe constipation
Alternating episodes of
diarrhea & constipation
Unintentional weight loss

Orthostatic hypotension
Recurrent urinary tract
infections (due to urinary
retention)

Sexual dysfunction
Sweating abnormalities

o

Cerebral Amyloid Angiopathy

Progressive dementia
Headache

Ataxia

Seizure

Spastic paresis
Stroke-like episode

Cardiovascular Manifestations
= Conduction blocks

= Cardiomyopathy

= Arrhythmia

Nephropathy

= Proteinuria
= Renal failure

Peripheral sensory-motor
neuropathy

» Typically axonal, fiber-length-
dependent, symmetric, and
relentlessly progressive in
distal to proximal direction

Adapted from: Conceicao et al, First Congress of the European Academy of Neurology (EAN), June 20-23 2015, Berlin, Germany (#P1184)



TTR-FAP disease progression

e Patients with TTR-FAP experience a progressive loss of sensory,
motor, and autonomic nerve function?

1. AndoY et al., Orphanet J Rare Dis. 2013; doi: 10.1186/1750-1172-8-31; 2. Adams D, et al., Curr Opin Neurol. 2016; 29(Suppl 1):S1-S2.















The relentless progression of TTR-FAP

Diagnosis at 2013; Disease since Val30Met; Family history present;

2011; Family history present; PND I; Diagnosis in 2013; Disease onset in
. 2010; PND II.

Bad social background.
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Neuropathic pain

DOR NEUROPATICA

Agulhada e Queimacgao
alfinetada

Frio
doloroso

Choque
eletrico Formigamento

Um diagnostico mais

S preciso é possivel se seus
2% ¥ pacientes forem capazes
- E de descrever a dor.’

(R @ reabilite.se *



Autonomic Neuropathy

* Vomiting.

 Diarrhea / Constipation

e Urinary tract infections.

* Bladder/ Bowel incontinence.
e Sexual disfunction

* Orthostatic Hypotension

* Massive loss of body weight.



Autonomic Neuropathy. Gl abnormalities.

r—

12/2004 Assymptomatic
carrier

05/2006. Disease
onset and diagnosis,
PND =I.

Obito em janeiro de 2016 07/2014.PND = IlIA



Coutinho stages

The relentless progression of TTR-FAP

-

Q * Patientis bedridden orina
wheslchair with generalised
weakness, malnutrition, cachexia
and incontinenoe??
* Painand temperature sensation is
lacking apart fromin the
head/neck?

=

* Motor dysfunction in the lower limbsand
loss of touch sensation?

* hdobility is maintained but crutches ora
stick ara nesded for walking??

Time (average 10 years)

* Syrnptoms are limited to feat and legs with
impaired pain and temperature sensation?

* Sensation of touch s maintal ned®

* Unassisted walking®

L eee—

Worsening of disease

]
1.How i, et al, FERS L 2007 2741637-50, 2 HA

. Coutinhio P, Ing Glemner GG e al, ede, Armsaiio oo ompeioasis, smstendam: Excenpia Medca, 1980

3, Benson MDD, et & Amyipid, 1096:3:44-56



Carpal tunnel syndrome

* Part of the Polyneuropathy.

* First presentation.




Carpal tunnel syndrome

at the wrist, resulting in
. numbness or pain






s very frequent in the general population




Case Study: Val122lle in Brazil

THAOS Brazil: n=3
THAOS Overall: n=78

Real mutacdodo paciente Wilson

* Clinical course:

(] Ca rpa I Tu n n e I at 5 8 Finalexon4 paciente Wilsonantesdo novo protocolo
o Ca rd iomyo pat hy at 60 E;d{;:m CC!’A;‘I’T"CA"CA"GE’I"'!G)HCTT‘;P“CANATCCECAAS"AATK:
° Disa Utonom ia at 64 1,0 Fogul M T(%?(:b ““TLA-?‘TC‘T.:GL&AGAmﬁrg

02 TTRWT CCTATT CACCAC GC CTG-2CG? CA CA-ATCC~ AAG(.AATG

* Dialysis at 65 T

Finaldo exon 4 bastanteruidose

* Cardiac biopsy: amyloid deposition

* No family history I (——— i
* Origin: Portuguese / African i PRI Eor
* Rio de Janeiro

Posicao 364 -codon 122 GTC trocado por ATC=Val 1221le= Nova noBrasi

4% of African Americans may be carriers of
Vall22lle TTR mutation




Slavery. African origin of Americas.

* 5 millions of slaves were brought
to Brazil from West Africa
(Angola) from 1551 to 1840.

* From XVI to XIX centuries 10
millions of slaves were sold to
Americas. 40 % of this total came
to Brazil.




THAOS Today

Data as of August 2017

, 69 sites from 21 countries
have subjects enrolled into THAOS




Countries and contributions to THAOS (%):
21 countries, 3,399 subjects

Mexico, 2.3% _Denmark, 1.1%

|

Argentina, 2.4%

Others, 2.5%
Italy, 2.7%

Japan, 3.5%
France, 4.3%
Sweden, 5.3% Portugal, 40.2%

Germany,
5.4%

Spain, 5.4% United States,
19.1%

Brazil, 5.8%

Ot

hers:
Belgium

* Bulgaria
 Canada

« Cyprus

* Israel

* Netherlands
* South Korea
e Taiwan

* Turkey




Most Common TTR Mutations 2017
(101 unigue mutations in 2930 subjects)

Mutation Total % of patients Cumulative
with TTR mutation %

Val30Met 2138 73.0% 73.0%
Vall22lle 160 5.5% 78.4%
Thr60Ala 69 2.4% 80.8%
Ser50Arg 68 2.3% 83.1%
Glu89GlIn 62 2.1% 85.2%
Phe64lLeu 36 1.2% 86.5%
Ser77Tyr 28 1.0% 87.4%
llel07Val 24 0.8% 88.2%
Gly47Ala 22 0.8% 89.0%
Val20lle 20 0.7% 89.7%
LeulllMet 19 0.7% 90.3%
Glu89Lys 14 0.5% 90.8%
Val28Met 13 0.4% 91.2%
DelVall22 11 0.4% 91.6%
Ser52Pro 10 0.3% M
Heterozygous:58 subjects
85 different mutations reported in 9 or fewer patients THA <

Transthyretin Amyloidosis
Outcomes Survey



Genotypic Spectrum in
“V30M endemic” Regions

Ala19Asp, 1.0%

lle107Val, 2.0% Wild Type, 1.0%_gj,100Lys, 0.5%

Val122lle, 3.5%, Heterozygous, 0.5%
Glu89Lys, 0.5%
Val30Met/Glu7Val,

0.5%

Brazil (N=198)

Val30Met, 90.4%

Val28Met, 0.8%_ Heterozygous,

4%
Ser52Pro, 0.2%
Ser50Arg, 0.1%

Portugal (N=1367)

Val30Met, 98.5%

Ser50lle, His88Arg, 0.8%

Ser50Arg, 1.7%
Asp38Ala, 1.7%

wild Type, 5.9% Tyr114Cys, 2.59

lle107Val, 0.8%

hr49lle, 0.8%
Thr60Ala, 0.8%

Japan (N=119)

Val30Met, 82.4%

Heterozygous, 1.1% Glu54Leu, 0.6% Thre0Ala, 0.6%

Ala97Ser 0.6% Glugp Lys, 0.6% Alad5Ser, 0.6%

Alad5Asp, 0.6% Val122lle, 0.6%

His88Arg, 3.9% S~ val30Leu, 0.6%
8,207 A~ Vals0Met, 0.6%

wild
Type,
0.6%

Sweden (N=180)

Val30Met, 89.4%

TH/X

Transthyretin Amyloidosis
Outcomes Survey




Spectrum of Mutations in USA
N=648

Val30Met, 2.9% Leu58His, 0.8%

2Ala, 1.1% _phe33Leu, 0.6%
der77Tyr, 0.8%

Thr60Ala, 9.3% <~ _Glu7aser, 0.5%

Gly47Vval,0.5%
Pro24Ser, 0.5%

Heterozygous,
4.8%

Others*, 6.1%
Vall22lle, 19.4%

Wild Type, 51.2%

*Other 33 mutations
affecting 40 patients

THA

Transthyretin Amyloidosis
Outcomes Survey



Spectrum of Mutations in Europe
(excluding Portugal and Scandinavia) N=650

Val122lle, 4.0%
Phebdleu, 3.7%

R Ser77Tyr, 3.2%

Val20lle, 2.9%

lle107Val,
2.8%

Gly47Ala,
2.2%

Val30Met, 39.2%

Others*, 10.50%

DelVal122,
1.5%

Ser77Phe, 1.1%

*Other 42 mutations
affecting 69 patients

xxxxxxxxxxxxxxxxxxxxxx




Neurologic Phenotype (%)
N=1381

Glu89GlIn, 1.5%

eterozygous,

Pheb4dleu, 2.1%
France, 4.3%

United States,

Ser50Arg, 3.0% .
& 5.4% Spain, 4.9% Japan, 4.5%

Germany, 3.6%

Mexico, 3.4%

Argentina,
3.3%

Sweden, 7.4%

Others, 8.00% Brazil, 7.8%

Italy,
3.0%

Others,
2.00%

Val30Met, 80.6%
Portugal, 50.5%

Transthyretin Amyloidosis
Outcomes Survey



Cardiac Phenotype (%)
N=608

Spain, 3.0% France, 2.8% Bulgaria, 1.6%

Glu89aGlin, 1.6% Denmark, )
Mexico, 1.0%

sweden, 4.1% 3% aly,3.3%

val20lle, 1.3% Portugal, 4.6% South Korea, 0.7%
razil, 0.8%

Netherlands, 0.7%
l _Belgium, 0.5%

Argentina,
0.3%

Canada,
0.5%

Thr60Ala, 3.0%

Val30Met, 12.3% LeulllMet, 1.0%

- 0,
Val122lle, 13.3% Ser50Arg, 1.0% Germany, 12.0%

Others, 9.0%

Wild Type, 56.1%
United States, 58.2%

Transthyretin Amyloidosis
Outcomes Survey




Mixed Phenotype (%)

N=573

Glu89GIn,
3.1%
Ser50Arg, 1.9% _lle107Val, 1.4%

Thr60Ala, 4.7%
I

Val122lle, 7.9%

Ser77Tyr, 1.2%

Heterozygous,
1.1%

o7

Wild Type, 12.6%
Others, 12.6%

Val30Met, 53.4%

Geography

Germany, 5.2%
Japan, 5.2%

Bulgaria, _Mexico, 2.3%

2.8%

puth Korea, 1.2%
Italy, 1.4%
Belgium, 0.9%

Argentina, 0.7%
Denmark, 0.5%

_ Netherlands,
0.5%

Spain, 6.3%

France, 7.9%

0,

Brazil, 8.0%

07

Sweden, 8.4%
Portugal, 24.4%

United States,
24.3%

Transthyretin Amyloidosis
Outcomes Survey



Distribution of phenotypes

TTR mutation Wild type

Hm Neurologic
m Cardiac
» Mixed




Distribution of phenotypes (main genotypes)

Glu89GIn (N=48)

Ser50Arg (N=58) Thr60Ala (N=61)

10%

Val30Met (N=1494) Val122ile (N=142)




Summary

4% of wild-type symptomatic subjects presented as neurologic
phenotype

* 5% of symptomatic Val30Met subjects presented as cardiologic
phenotype, and 11% of Vall22lle subjects presented as
neurologic phenotype




What can be done

* Nice neurological examination.
* NC

* SSR and other autonomic tests
* QST

* HRDB

* Biopsies

* Recognize disease

* Treat disease. Treat pain.
* Care and prevention of wounds, burnings.









