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Introduction
• Transthyretin (TTR) stabilizers and mRNA silencing antisense oligonucleotides 

(ASOs) are currently approved options for the treatment of hereditary (variant; v) 
transthyretin amyloidosis (ATTRv amyloidosis)

• With 90% of the amyloidogenic protein produced by the liver, cardiomyopathic and 
neuropathic disease progression can be reduced by hepatic drug targeting (patisiran 
and inotersen), or formerly, by liver transplantation 

• Other than reducing TTR production, stabilizing the TTR tetramer with tafamidis has 
been shown to decelerate the clinical course, including neuropathy and 
cardiomyopathy, improving overall survival without major side effects

• Certain TTR variants favor disease manifestations in the central nervous system 
(CNS) or eyes, mostly caused by TTR production in the choroid plexus and retina. 
These structures are not adequately reached by currently approved medications; 
tafamidis is the only one that crosses the blood–brain barrier, but minimally

• In this review, the authors discuss the role of TTR amyloidogenesis in the CNS and 
whether this could lead to a shift in the phenotypic spectrum of the disease, as well 
as the subsequent therapeutic and ethical challenges

Conclusions and implications
• With longer survival of patients with ATTRv amyloidosis, CNS and ocular disease 

manifestations may arise due to the production of TTR in the choroid plexus and 
retinal epithelium 

• Investigation into therapies that target these new manifestations is warranted
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Non-liver-derived TTR and associated 
disease manifestations
• Approximately 10% of TTR is produced by the choroid 

plexus and retinal epithelium
• Ocular ATTR amyloidosis manifestations include vitreous or 

lens opacities, optic neuropathy, and glaucoma, among others
• CNS ATTR amyloidosis manifestations include subarachnoid, 

intraparenchymal hemorrhage, and stroke-like episodes, 
among others

• Several variants of ATTRv amyloidosis have manifestations 
of the CNS (e.g., p.Leu33Pro), eyes (e.g., p.Arg54Gly), or 
both (e.g., p.Val50Met)

• However, because the choroid plexus and retinal 
epithelium are protected by the blood–brain barrier 
(BBB), they are not accessible by large molecules or 
antisense drugs, and are not influenced by the effects of 
liver transplantation

ATTR amyloidosis, transthyretin amyloidosis; ATTRv amyloidosis, hereditary transthyretin amyloidosis; 
BBB, blood–brain barrier; CNS, central nervous system; TTR, transthyretin.

• Evidence from patients with ATTRv amyloidosis suggests that new disease activity can continue, 
even following liver transplantation

Physiological TTR production sites
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The BBB consists of endothelial cells that are closely 
connected by tight junctions

ASO, antisense oligonucleotide; BBB, blood–brain barrier; JAM, junctional adhesion molecule; RNAi, ribonucleotide 
acid interference drug.

The blood-brain barrier
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The BBB and therapeutic implications

1. Nair JK, et al. OTS 2018. https://www.alnylam.com/wp-content/uploads/2018/10/06_Nair.pdf
(Accessed January 2022). 
ATTR amyloidosis, transthyretin amyloidosis; ATTRv amyloidosis, hereditary transthyretin amyloidosis; BBB, blood–
brain barrier; CNS, central nervous system; siRNA, small interfering RNA; TTR, transthyretin.

Barrier to treatment
• The BBB consists of endothelial cells that are closely 

connected by tight junctions
• It has low permeability to systemically delivered 

therapeutics due to its restrictions on size and charge
• Most therapeutic molecules, including DNA-based 

approaches are too big and too polar to cross the BBB
• The small molecule, tafamidis, is the only approved 

therapeutic for ATTR amyloidosis that can cross the 
BBB

• However, ≤1.5% of the plasma circulating drug 
actually reach the cerebrospinal fluid

Challenge: how to target the CNS with the 
lowest possible toxicity and application 

burden for the patient
• Direct administration into the CNS via 

intrathecal delivery could be an option
• Currently, nusinersen is the only intrathecally 

delivered antisense oligonucleotide approved by 
the Food and Drug Administration and European 
Medicines Agency, but this gives hope for future 
developments in other indications

• In ATTRv amyloidosis, Alnylam has conducted 
pre-clinical studies using mouse models for 
targeted ocular TTR transcript knockdown

• Efficient and durable gene silencing after 
single intravitreal administration of siRNA 
conjugates has been achieved1

Are we creating a different phenotypic pattern?
What will happen when ATTR amyloidosis patient lifespan 

increases but central amyloid production continues untreated?
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TTR knockdown in the CNS and therapeutic implications

ATTRv amyloidosis, hereditary transthyretin amyloidosis; CNS, central nervous system; CRISPR, clustered regularly 
interspaced palindromic repeats; TTR, transthyretin.

Barrier to treatment
• TTR represents 20% of total proteins in 

the CNS, and animal studies have 
suggested that TTR has a 
neuroprotective role in peripheral nerve 
injury, cerebral ischemia, and 
Alzheimer’s disease

• In the CNS, TTR is thought to be 
irreplaceable, with few known proteins 
able to take over its function

• While its role in transporting retinol 
binding protein could be partially 
replaced by vitamin A substitution, 
whether its direct interaction with 
other proteins is necessary requires 
further investigation

Challenge: how to selectively reduce the expression 
of mutant, but not essential wild-type allele

• For CNS-delivered genetic therapeutics, an allele-specific 
approach would permit for wild-type TTR to remain the primary 
thyroxin and retinol binding protein transporter, while significantly 
diminishing the mutant transcripts

• However, a potential limitation to sequence-specific therapeutics 
is that each modification of the drug for each of the over 130 
amyloidogenic variants would be required to undergo Phase 2 
and 3 clinical trials, which may not be viable 

• Targeting frequent polymorphisms located in cis with the 
mutated allele would require a more detailed genetic testing, 
including zygosity studies, but enable optimization of the 
development pipeline focusing on just a few frequent mutations

• For ATTRv amyloidosis, a Phase 1, open-label, multi-center study 
is currently underway in the UK to evaluate the efficacy, safety, and 
tolerability of NTLA-2001, a CRISPR/Cas9 system
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Are we creating a new phenotype? Ethical aspects

ATTR amyloidosis, transthyretin amyloidosis; ATTRv, hereditary transthyretin amyloidosis; THAOS, Transthyretin 
Amyloidosis Outcome Survey.

Do the benefits of treatment outweigh the harm?
The risk of ‘creating’ a new ATTRv amyloidosis phenotype driven by amyloid in the CNS as a result of current ATTR 
amyloidosis treatment is unknown, as we do not know the severity of emerging symptoms from the new phenotype. 
These risks must be weighed against ATTRv amyloidosis without treatment

Informed consent and treatment plan
To enable an autonomous decision, information regarding the potential new phenotype must be included in the informed 
consent process. This should enable patients to consider what impacts the phenotype could have on their quality of life

Evidence-based decisions without the evidence 
In rare diseases, it is challenging to achieve well-designed, randomized, controlled clinical trials to enable ethical clinical 
practice. Systematic collection of patient data has been suggested as an alternative, although some information is 
currently lacking. For example, THAOS systematically collects data, but does not assess the phenotype changes under all 
available treatment options

Stakeholder perspectives
There is no published information on the perspectives of patients and their caregivers on the development of new 
symptoms and their consequences on quality of life, or the opinions of healthcare professionals
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Conclusions and implications
Implications
• The authors state that, considering the issues discussed, 

central TTR knockdown might be helpful or needed to prevent 
CNS ATTRv amyloidosis

• However, this may favor the development of dementia. As such, 
TTR stabilization could be a compromise, at least until disease 
progression eventually requires protein knockdown

• The authors state that the main focus now should be on the 
development of agents that can help prevent or treat the 
foreseeable symptoms of a possible new phenotype

• Gathering experiences of healthcare professionals in the 
context of the consequences of patients developing new 
symptoms would be helpful in the disease management 
decision making process

Read more: 
page 9 of published paper 
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Discussion points
• With longer survival of treated patients with ATTRv

amyloidosis, TTR variants that have so far not been primarily 
associated with CNS and ocular disease manifestations 
might lead to clinically relevant amyloid angiopathy and 
vitreous opacities

• This means that cerebral hemorrhage, dementia, and 
blindness could be the new phenotype of treated patients 
with ATTRv amyloidosis in the long term

• Considering the number of promising future treatment 
options for ATTRv amyloidosis, a combination of TTR 
stabilizers with the potential to cross the BBB, 
intrathecally administered RNAi and ASOs, and genome 
editing strategies may be the best tailored options

ASO, antisense oligonucleotide; ATTRv amyloidosis, hereditary transthyretin amyloidosis; BBB, blood–brain barrier; 
CNS, central nervous system; RNAi, RNA interference; TTR, transthyretin.
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Glossary

• Allele-specific approach: targeting specific alleles (variant) of a gene
• Intrathecal delivery: the direct injection of a drug into the cerebrospinal fluid
• Polymorphisms located in cis with the mutated allele: two or more forms of a gene on the same side as 

the mutated allele
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