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Summary at-a-glance:
Phenotypic expression of ATTR 

amyloidosis is the result of a 
complex interplay between the 

TTR gene, epigenetic 
mechanisms, and environmental 
factors. Genetic counseling and 

testing are suggested for 
patients and their families
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Introduction 
• Hereditary amyloidosis is caused by genetic mutations, most commonly within 

the transthyretin (TTR) gene and to a lesser extent in the fibrinogen A alpha 
chain, apolipoprotein A1 and A2, gelsolin, LECT2, and cystatin C genes

• Amyloidosis is a rare, life-threatening disease often underrecognized and 
poorly diagnosed due to its diverse phenotype and inconsistent penetrance

• Understanding the genetic basis of hereditary amyloidosis is important for 
early diagnosis and management

• The aim of this review was to summarize the genetics of hereditary (variant) 
transthyretin amyloidosis (ATTRv amyloidosis) as well as to underline the 
importance of genetic counseling and testing for patients and their families

Conclusions and implications 
• Differences between ATTRv amyloidosis phenotypes are dependent 

on genetic mutation, and epigenetic, trans-regulatory, and/or 
environmental factors

• High suspicion of the disease is crucial to ensure timely initiation of new 
treatments that slow disease progression

• Genetic testing and counseling are required for patients and their relatives; 
elderly patients with advanced disease should also be screened in order to 
identify potential affected relatives and ensure timely treatment initiation 



Genetic and phenotypic variation in ATTRv amyloidosis

• Transthyretin (TTR) is a 127 amino acid, 56 kDa homo-tetrameric transport protein encoded by the 
TTR gene on human chromosome 18q12.1

• Over 150 different mutations have been found in the TTR gene, most of them linked to 
ATTRv amyloidosis 

• Presentation of the disease can be variable not only between mutation types but also within 
cohorts with the same mutation

• Patients with homozygous and mixed heterozygous pathogenic genotypes within the TTR gene have been 
identified in the same family

• There is geographical and ethno-racial clustering across the world
• Val30Met (V30M) is predominantly found in Europe and associated with familial autonomic neuropathy 

(FAP) type I
• Val122Ile (V122I) is the most common form in the USA and almost exclusively found in African-/

Caribbean-Americans

ATTRv amyloidosis, hereditary transthyretin amyloidosis; FAP, familial autonomic neuropathy; TTR/TTR,
transthyretin/gene; V122I, Val122Ile; V30M, Val30Met.

Read more: 
pages 1–2 of published paper 

https://pubmed.ncbi.nlm.nih.gov/34518987/


TTR mutations most associated with ATTRv-CA in the USA

• V122I: higher frequency in African-/Caribbean-Americans; low penetrance; late onset (>60 years of age); male 
predominance; mainly cardiac and fewer neuropathy symptoms (similar phenotype to wild-type ATTR amyloidosis 
[ATTRwt amyloidosis])

• Differences between V122I variant and wild-type transthyretin cardiac amyloidosis (ATTRv-CA and ATTRwt-CA): for V122I 
patients, ~5 years younger age; greater septal thickness; right-sided hypertrophy; worse outcomes, survival, and quality of life

• T60A: most common isoform in the UK and predominantly affects Caucasians; low penetrance; late onset (>60 years of 
age); male predominance; both cardiac and neuropathy manifestations 

• V30M: most common amyloid mutation worldwide; strongly penetrant; male predominance; severe, degenerative sensory, 
autonomic, and motor neuropathy; cardiac conduction disturbances and syncope more likely than heart failure

• Early onset: Portuguese- and Japanese-predominant forms have high penetrance; early onset (>30 years of age); cardiac symptoms 
are typically cardiac conduction disturbance rather than heart failure

• Late onset: Swedish variant 
has low penetrance; most common
cardia symptom is heart failure 
with preserved ejection fraction 
(HFpEF); late onset (>50 years 
of age)

ATTRv-CA, hereditary transthyretin cardiac amyloidosis; ATTRwt amyloidosis, wild-type transthyretin amyloidosis; 
ATTRwt-CA, wild-type transthyretin cardiac amyloidosis; HFpEF, heart failure with preserved ejection fraction; 
T60A, Thr60Ala; V122I, Val122Ile; V30M, Val30Met; y, years.

Read more: 
pages 2–3 of published paper 

Key mutations in ATTRv amyloidosis
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Amyloidosis: the role of epigenetics and the environment

• Epigenetic modifications affect phenotypic variability in ATTRv amyloidosis, such as which 
carriers will develop symptoms of ATTRv amyloidosis and when, but the mechanism is unclear

• DNA methylation may play a role: 
• Differences in methylation profiles between V30M and V122I carriers and wild-type controls have been observed
• DNA methylation leading to transcriptional reprogramming has been observed in patients with heart failure, which may account 

for some phenotypic variability in amyloidosis

• Environmental stimuli and aging can influence gene expression through transregulatory
elements (observed in animal models); however, the mechanism is unclear in ATTR-CA

• Risk factors for diastolic dysfunction (such as hypertension, obesity, and diabetes) and heart 
disease may also affect the disease course of ATTR-CA

ATTR-CA, transthyretin cardiac amyloidosis; ATTRv amyloidosis, hereditary transthyretin amyloidosis; 
V122I, Val122Ile; V30M, Val30Met.

Read more: 
pages 3–4 of published paper 

Epigenetics is the study of extra-genomic, potentially heritable processes that alter the expression 
of a gene and phenotype through biochemical modification of the nucleotide backbone or 

its associated chromatin

https://pubmed.ncbi.nlm.nih.gov/34518987/


Role for genetic testing and counseling

• Genetic testing is required for patients with diagnosed ATTR amyloidosis 
regardless of family history, because:

• Offspring or siblings are at risk of being carriers of the TTR mutation. Genetic testing may also be useful 
when other testing is inconclusive or when mixed amyloid disease is suspected 

• It is the only way to identify ATTRv amyloidosis or a subtype; ATTRwt amyloidosis is not often clinically 
distinguishable from V122I-ATTR amyloidosis

• Asymptomatic family members need to be identified and monitored or treated appropriately 

ATTR amyloidosis, transthyretin amyloidosis; ATTRv amyloidosis, hereditary transthyretin amyloidosis; 
ATTRwt amyloidosis, wild-type transthyretin amyloidosis; TTR, transthyretin; V122I, Val122Ile. 

Important considerations for genetic testing:
• Numerous mutations are associated with ATTRv amyloidosis and new mutations may still be discovered
• Carriers can be heterozygous or homozygous for single mutations, double heterozygous for different 

ATTRv amyloidosis mutations, or have duplication mutations
• In case of negative or ambiguous genotype results, more specialized genetic testing can be 

carried out

Read more: 
pages 3–4 of published paper 
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The process of genetic counseling

ATTRv amyloidosis, hereditary transthyretin amyloidosis; TTR, transthyretin.

Discussion between genetic counsellor or provider (licensed individual or experienced ATTRv amyloidosis practitioner) and 
patient about: disease process; heritability; risks and benefits of genetic testing; intrapersonal stress regarding transmission

of a mutation to offspring; and possible offspring anxiety due to a family member’s diagnosis  

Informed consent signed by patient for genetic testing

Genetic counseling should start before patients and their relatives undergo genetic testing

Discussion between counsellor/provider and the patient after positive or negative genotype results to address additional 
questions and how to communicate positive results to first-degree relatives

Important to emphasize: (1) the presence of a mutation is not the same as diagnosing amyloid disease, (2) a TTR mutation does not necessarily
determine the severity or distribution of amyloid, and (3) not all mutations causing amyloid have been detected

Possible issues following positive results:  
• Patient anxiety about their future
• Guilt for genotype-negative relatives
• Possible uncovering of non-paternity

Additional considerations
• First-degree relatives should consider obtaining life and disability 

insurance prior to genetic testing 
• Asymptomatic minors should wait until adulthood for 

genetic testingRead more: 
pages 4–5 of published paper 

https://pubmed.ncbi.nlm.nih.gov/34518987/


Genotype-positive/phenotype-negative patient monitoring

• Genotype-positive individuals but with negative ATTRv amyloidosis phenotype need regular 
follow-up with a provider who is knowledgeable about the disease

• Suggested monitoring plan: symptom review, echocardiography, and laboratory 
examinations (B-type natriuretic peptide and high-sensitivity troponin) usually 10–15 years prior 
to symptom onset

• Regular neurology specialist follow-up and possible electromyography for patients with disease 
associated with V30M or T60A mutation 

ATTRv amyloidosis, hereditary transthyretin amyloidosis; T60A, Thr60Ala; V30M, Val30Met.

There are no available data for use of disease-modifying therapy in 
genotype-positive/phenotype negative individuals

Investigation of clinical 
benefit and cost effectiveness of 
genetic testing, surveillance, and 
early treatment on survival and 
quality of life in asymptomatic 

carriers is requiredRead more: 
page 5 of published paper 

https://pubmed.ncbi.nlm.nih.gov/34518987/


Conclusions and implications

Implications 
• Data on genetic testing, monitoring, and early 

treatment in asymptomatic patients are 
lacking and further study is required

• Given the advent of effective treatment for 
ATTRv amyloidosis, recognition and the 
prompt diagnosis of CA is important for 
patients and their potentially affected progeny

Read more: 
page 5 of published paper 

Links to further useful papers/materials: Porcari A, et al. Eur J Intern Med 2020;82:7–15.

Discussion points
• ATTRv amyloidosis has a heterogeneous phenotype, which is affected not 

only by the type of TTR mutation but also by various epigenetic and 
environmental factors 

• Genetic counseling and testing are imperative for the identification of the 
TTR mutation and for ATTRv amyloidosis specialists to best manage their 
patients and their relatives

• The variable penetrance of TTR mutations means that all patients need to 
be screened for ATTRv amyloidosis, even elderly patients with 
advanced disease. This will enable relatives to be screened and monitored 
or treated accordingly

ATTRv amyloidosis, hereditary transthyretin amyloidosis; TTR, transthyretin.
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Glossary

• DNA methylation: biologic process by which methyl groups are added to the DNA molecule
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