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GENETICS: BASIC BIOLOGY i
DNA STRUCTURE

nitrogenous bases:
D adenine
EX thymine
_ E»guanine
=\ X cytosine
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GENETICS: BASIC BIOLOGY i
AMINO ACID CODES

Second Letter
c A
| Tyr
Stop
Stop
His

Gin

Ash

Lys
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GENETICS: BASIC BIOLOGY 1 DNA, RNA,
AND PROTEINS

ALY VOV Y

Transcription

pre-mRNA RNA
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MRNA
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polypeptide
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GENETICS: BASIC BIOLOGY 1 PROTEIN
STRUCTURE

Polypeptide Chain

<\

Amino Acids

ﬂ""’ Pea,

Amino Acids

Ala: Alanine GIn: Glutamine Leu: Leucine Ser: Serine

Arg: Arginine Glu: Glutamic acid  Lys: Lysine Thr: Threonine
Asn: Asparagine Gly: Glycine Met: Methionine Trp: Tryptophane
Asp:Aspartic acid His: Histidine Phe: Phenylalanine  Tyr: Tyrosisne
Cys:Cysteine lle: Isoleucine Pro: Proline Val: Valine
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GENETICS: BASIC BIOLOGY 1 SINGLE
NUCLEOTIDE POLYMORPHISMS (SNP)

Normal Protein

Missense mutation

Abnormal Protein

Common diseases caused by SNPs i sickle cell anemia, cystic fibrosis
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GENETICS: BASIC BIOLOGY 1 PROTEIN
STRUCTURE WITH SNP

Polypeptide Chain

8;%?

Amino Acids

000
\\c’v ﬂfn’:no Acids
fppf‘ ohi Leu—Be N\ |

Amino Acids

Ala: Alanine GIn: Glutamine Leu: Leucine Ser: Serine

Arg: Arginine Glu: Glutamic acid  Lys: Lysine Thr: Threonine
Asn: Asparagine Gly: Glycine Met: Methionine Trp: Tryptophane
Asp:Aspartic acid His: Histidine Phe: Phenylalanine  Tyr: Tyrosisne
Cys:Cysteine lle: Isoleucine Pro: Proline Val: Valine
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GENETICS: BASIC BIOLOGY i
DNA ORGANIZED INTO CHROMOSOMES
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GENETICS: BASIC BIOLOGY i
AUTOSOMAL DOMINANCE

Affected Unaffected

father
Recessive Dominant
gene gene

) Ol !!ﬂ

Affected child  Unaffected Unaffected  Affected child

child child E&%T@ T chool of Medc
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HEREDITARY ATTR (hATTR) AMYLOIDOSIS

A Autosomal dominant (50% chance of passage to
offspring)
I AKAATTRyv (variant) or ATTm (mutant)

A Missense SNP i change in amino acid of TTR
protein causing misfolding of the protein and
amyloid deposits

A Present since birth, amyloidosis develops with age

A Naming i Normal amino acid-position in protein-
Substituted amino acid

A Example Vall22Val --> Val122lle
%%T@ School of Medicine




JUST TO MAKE I T EXTRA

A Protein mutation locations now reported with 20
amino acid signal peptide at start

A So Vall122lle or V1221 is now reported at pV142|

A And Val30Met or V30M is now reported at
0V50M

A SOT Vall22lle or V122| = pVall42lle or V142|
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hTTR IS CAUSED BY SNP RESULTING IN
AMYLOIDOSIS OF DIFFERENT ORGAN SYSTEMS

A Cardiac - Congestive heart failure, arrhythmia, conduction disease
(previously called FAC)

A Neurological - peripheral sensory and autonomic neuropathy

A (previously called FAP)

V50M C30R R54T G67A F84L L78H E109Q 1127V S43N L131M 188L
Early Onset
F53L S70R S97Y A56P TE9A V50M We1L H108R T80A V142
Late Onset

Hereditary ATTR Amyloidosis
Predominant Predominant
Neurologic Features Cardiac Features

Mixed Phenotype
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TTR STRUCTURE AND AMYLOID
FIBRIL FORMATION

Pathobiology of Transthyretin Amyloid

Small £ )
ollgomers »
Cardlomyopathy
<— —_
—’\ i\/
Folded Misfolded
monomers  amyloidgenic  Amorphous

TTR mRNA TTR tetramer monomers  aggregates Amyloid
fibrils

Peripheral and/or
Autonomic Neuropathy

) Cleveland Clinic 2019
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SIGNS AND SYMPTOMS

L.

* Progressive dementia
* Headache

» Ataxia

* Seizures

* Spastic parasis

¢ Stroke-lhke episodes

* Proteinuria
* Renal failure

* Orthostatic hypotension

* Recurrent urinary tract
infections (due to urinary
retention)

* Sexual dysfunction =

* Sweating abnormalities

https://hattramyloidosis.co.uk/en-gb/symptoms

OF hATTR

* Vitreous opacification

* Glaucoma

* Abnormal conjunctival vessels
* Papillary abnormalities

* Canduction black
* Cardiomyopathy
* Arrhythmia

* Nausea & vomiting

* Early satiety

* Diarrhea

* Severe constipation

* Alternating episodes of
diarthea & constipation

* Unintentional weight loss

* Neuropathic pan

* Altered sensation (ie, change in
sensitivty to pain and temperature)

* Numbness and tinaling

* Muscle waaknass

* Impaired balance

* Difficulty walking
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HOW COMMON IS hATTR AMYLOIDOSIS?

A Estimated world-wide prevalence of 50,000
people (predominantly with neuropathy)

A BUT V122l shown convincingly in about 3.5%
US African Americans = 1,500,000 people with

genotype
1 150,000 are over age 65 y and at highest risk
for NATTR

A Ongoing subject of active study (SCAN-MP, P |
Maurer/Ruberg, NHLBI)
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ATTR AMYLOIDOSIS IS UNRECOGNIZED (EVEN
AT BOSTON UNIVERSITY CARDIOLOGY CLINIC)

(&) WiSinns

Amyloid
The Journal of Protein Folding Disorders

‘ ISSIN: 1350-612% (Print) 1744-2818 (Online) Journal homepage: hittp:/twww.tandfonline.conyioiZiamy20

Prevalence of mutant ATTR cardiac amyloidosis in
elderly African Americans with heart failure

Marios Arvanitis, Gloria G. Chan, Daniel R. Jacobson, John L. Berk, Lawreen
H. Connors & Frederick L. Ruberg

HF, age > 60y, and 60% penetrance

wall thickness >/= positive - A
E&%{@ M School of Medicine
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hATTR ACROSS CONTINENTAL
EUROPE 1T COUNTRY OF ORIGIN

Country
# Subjects in THAOS

Phenotype, %
B Neurologic
I Cardiac

I Cardiac +
Neurologic

Most common mutation
(% of all subjects)

LeuliiMet
(47.8%)

lle68Leu
(16.1%)

Val30Met
(99.1%)
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DETERMINATION OF GENOTYPE IS
CRITICAL TO TREATMENT

TTR Targets of Therapy

- ‘=’€f — ‘&\J\ii‘» ¥

Folded Misfolded
monomers  amyloidgenic Amorphous

monomers aggregates

hATTR

Cardamyopathy
AND Newropathy
1 Y

TAFAMIDIS TAFAMIDS TAFAMIDIS

[ R Uniw 1ovim by (0A [ e Y )

DIFLUNISAL DIFLUNISAL
DiFLunsaL
INOTERSEN -
DIFLUNISAL
Off Labat waagw

CEN

%%T@ I8 School of Medicine

EXCEPTIONAL CARE. WITHOUT EXCEPTION.




ANYONE CAN KNOW THEIR TTR
GENOTYPE

x.-m

LRI T

D" <4 _
, Health + Ancestry
":‘" ME T YOUR G Service
Your genes have a lot to say about your hoalth it anc $1 99
ancestry, We'd be glad to introdu ce

incSudes everything in Ancestry +
Tenty Service

B\ ps
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ANYONE CAN KNOW THEIR TTR
GENOTYPE 1 23&ME
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UNANSWERED QUESTION #1

A Genotype carriers (phenotype negative)

nen to initiate therapy?
Prior to development of symptoms

nat to prescribe?
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UNANSWERED QUESTION #2

A When to recommend testing of offspring or
siblings of affected patients?

| Above an age threshold?

I At the predicted age of disease onset
(PADO) or some defined time prior?

AMutation, sex, and family dependent
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ADVANCEDS IN HEART FAILURE T ——

. Mathew S. Mat{rer, MD
Expert Consgr]sus Recom mend_atlons i;:’:;‘;; oAy g
for the Suspicion and Diagnosis of )l g
Transthyretin Cardiac Amyloidosis i
Arnt V. Kristen, MD
Isabelle Lousada, MA
Jose Nativi-Nicolau, MD

Candida Cristina Quarta,
MD, PhD

Electrocardiography Electrical changes (eg, low voltage) and increased wall thickness Claudio Rapezzi MD
I

Frederick L. Ruberg, MD
Ronald Witteles, MD
Giampaolo Merlini, MD

Systolic dysfunction

Orthopedic manifestations (Bilateral) carpal tunnel syndrome, biceps tendon ruplure, lumbar spinal stenosis

Disease process & related indicators

Also to consider T prealbumin (TTR) concentration
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THE FIRST GUIDELINES IN AMYLOIDOSIS!

ASNCE

ASNCE

EXPERT CONSENSUS RECOMMENDATIONS

EXPERT CONSENSUS RECOMMENDATIONS

ASNC/AHA/ASE/EANM/HFSA/ISA/SCMR/SNMMI EXPERT
CONSENSUS RECOMMENDATIONS FOR MULTIMODALITY IMAGING CONSENSUS RECOMMENDATIONS FOR MULTIMODALITY IMAGING
IN CARDIAC AMYLOIDOSIS: PART 2 OF 2—DIAGNOSTIC CRITERIA

IN CARDIAC AMYLOIDOSIS: PART 1 OF 2—EVIDENCE BASE AND

STANDARDIZED METHODS OF IMAGING

bbreviations

AL Amyloid immunoglobulin light chain

ATTR  Amyloid transthyretin

DPD 99"'1'c-3,3-Diphosphono—l .2-propano-
dicarboxylic acid

ECV Extracellular volume

EF Ejection fraction

Hydroxymethylenediphosphonate
Late gadolinium enhancement
Left ventricular

Pyrophosphate

#mTechnetium

Writing Group Members

Sharmila Dorbala, MD, MPH, FASNC (Chair)*
Yukio Ando, MD, PhD®

Sabahat Bokhari, MD®

Angela Dispenzieri, MD?

Rodney H. Falk, MD*

Victor A. Ferrar, MD®

Marianna Fontana, PhD'

Olivier Gheysens, MD, PhD#
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Bouke P.C. Hazenberg, MD, PhD!
Arnt V. Kristen, MD*

Writing Group Members

ASNC/AHA/ASE/EANM/HFSA/ISA/SCMR/SNMMI EXPERT

AND

APPROPRIATE UTILIZATION

Cardiac amyloidosis is emerging as an underdiagnosed cause of heart failure and mortality.
Growing literature suggests that a noninvasive diagnosis of cardiac amyloidosis is now feasibl
However, the diagnostic criteria and utilization of imaging in cardiac amyloidosis are not
standardized. In this paper, Part 2 of a series, a panel of international experts from multiple
societies define the diagnostic criteria for cardiac amyloidosis and appropriate utilization of
echocardiography, cardiovascular magnetic resonance imaging, and radionuclide imaging in
the evaluation of patients with known or suspected cardiac amyloidosis.

Key Words: Cardiac amyloidosis « Diagnosis + Appropriate use * Expert consensus *
Multimodality

Raymond Y. Kwong, MD, MPH*
Mathew S. Maurer, MD®
Giampaolo Merlini, MD""
Edward . Miller, MD, PhD™
James C. Moon, MD*
Venkatesh L. Murthy, MD, PhD"
C. Cristina Quarta, MD, PhD'
Claudio Rapezzi, MD®

Frederick L. Ruberg, MDP
Sanjiv |. Shah, MDY

Riemer HJ.A. Slart, MD"

Hein |. Verbeme, MD, PhD"

Jamieson M. Bourque, MD, MHS, FASNC (Co-Chair)*

AL
ATTR
DPD

EF

Abbreviations

Hydroxymethylenediphosphonate
Left ventricular

Pyrophosphate

M Technetium

Amyloid immunoglobulin light chains
Amyloid transthyretin

99T ¢-3,3-diphosphono-1,2-propanodi-
carboxylic acid

Ejection fraction

Dorbala, J Nuc Med and J Card Fail, 2019
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ORTHOPEDIC MANIFESTATIONS |
EARLIEST CLUES?

CENTRAL ILLUSTRATION: Mechanism of Amyloid Deposition 08 patients A 10 new cases
and 2 with hATTR

Other clinical clues:

A Bilateral carpal tunnel

A Spinal Stenosis

A Spontaneous biceps
tendon rupture

Sperry, B.W. et al. J Am Coll Cardiol. 2018;72(17):2040-50. R%%’lf@ B8 school of Mecic

Sperry, Hanna JACC 2018




CONCLUSIONS

A hATTR results from a single base pair change in the TTR
gene, that causes a change in the TTR protein resulting
In misfolding and amyloid fibril formation

A hATTR is passed down to children in an autosomal
dominant manner (50% chance of passage)

A The type of mutation determines the predicted symptoms
and organ systems that are affected

A Determination of genotype is critical to selecting
treatment

A We must move toward early identification to give
treatments the best chance to work
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AMYLOIDOSIS CENTER
BOSTON UNIVERSITY/ BOSTON MEDICAL CENTER
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