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TTR Gene

Primary Disciplinary Field(s): Genetics, Molecular Biology, Biochemistry

1. Core Definition

The TTR gene (Transthyretin gene) is a fundamental component of the human genome, located on

chromosome 18 (18q12.1). Its primary biological mandate is to provide the precise biochemical

instructions necessary for the synthesis of the protein known as Transthyretin (TTR), formerly

referred to as prealbumin. This protein is essential for maintaining systemic homeostasis,

particularly concerning the transport and distribution of crucial micronutrients and hormones

throughout the body. The proper functioning of the TTR gene is therefore intrinsically linked to

metabolic stability and neurological health, making it a subject of extensive research in molecular

medicine and genetics.

The Transthyretin protein, once synthesized according to the TTR gene's blueprint, acts as a

critical transport medium. Specifically, it is responsible for the efficient circulation of two vital

biological molecules: the thyroid hormone Thyroxine (T4) and the Vitamin A derivative Retinol.

While T4 is crucial for regulating metabolism and growth, Retinol is essential for vision, immune

function, and cellular differentiation. TTR forms a complex with the retinol-binding protein (RBP) to

facilitate Vitamin A transport, ensuring its proper delivery to target tissues and preventing its loss

through glomerular filtration in the kidneys, thereby regulating overall nutritional status.

The synthesis of Transthyretin is highly specialized, occurring predominantly in two primary

locations within the human body. The majority of TTR is synthesized and secreted by the

hepatocytes of the liver, reflecting its systemic transport role in circulation. Additionally, TTR is

produced by the epithelial cells of the choroid plexus within the brain. This localized production is

vital, as TTR plays a crucial, independent role in the central nervous system (CNS), contributing to

the maintenance of cerebrospinal fluid (CSF) composition and facilitating T4 and Vitamin A supply

to the brain, which is shielded by the blood-brain barrier.

2. Molecular Structure and Protein Dynamics

The functional Transthyretin protein is characterized by its stable quaternary structure. It exists

primarily as a homotetramer, meaning it is composed of four identical polypeptide subunits, each

encoded by the TTR gene. These four monomers associate non-covalently to form a symmetrical,

barrel-like structure. This specific architecture is fundamental to its biological activity, creating two

primary binding sites for the Thyroxine hormone. The exceptional stability of this tetrameric

structure is usually maintained under normal physiological conditions, although this structural

integrity is key to understanding the pathology associated with certain genetic mutations.
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The efficiency of TTR as a transport protein stems from its highly specific binding capacities. The

tetramer possesses channels that accommodate molecules like Thyroxine. While TTR is a major

transporter of T4, it is important to note that it shares this role with Thyroxine-binding globulin

(TBG). However, in the case of Vitamin A, TTR binds strongly to RBP, stabilizing the RBP-retinol

complex and ensuring its solubility and controlled delivery. This dual function--binding T4 directly

and the RBP-retinol complex indirectly--highlights TTR's central regulatory role in both endocrine

and nutritional pathways, reinforcing its importance beyond simple serum transport.

Crucially, the inherent stability of the TTR tetramer can be compromised by certain genetic

mutations or even by environmental factors and the stress of aging. When destabilized, the

tetramer rapidly dissociates into its constituent monomers. These unstable monomers are highly

prone to misfolding, leading to their subsequent aggregation into insoluble protein deposits called

amyloid fibrils. This process of misfolding, aggregation, and subsequent fibril formation is the

central mechanism underlying the progressive group of systemic diseases known collectively as

Transthyretin Amyloidosis (ATTR).

3. Pathophysiology: Transthyretin Amyloidosis (ATTR)

The TTR gene is perhaps most medically significant due to its involvement in Transthyretin

Amyloidosis (ATTR), a progressive, life-threatening disorder characterized by the systemic

deposition of TTR amyloid. This disease manifests in two primary forms: hereditary ATTR

(hATTR), caused by specific TTR gene mutations, and wild-type ATTR (wtATTR), which occurs

sporadically in the elderly population due to the inherent instability of the unmutated protein over

time. Both forms result in the accumulation of misfolded TTR, but the underlying genetic etiology

differentiates their onset, progression patterns, and treatment modalities.

Hereditary ATTR is an autosomal dominant disorder caused by specific substitutions in the TTR

gene sequence. Over 100 pathogenic mutations have been identified, with the V30M (Valine to

Methionine substitution at position 30) being historically the most common worldwide, particularly

prevalent in endemic foci in Portugal, Sweden, and Japan. These mutations severely destabilize

the TTR tetramer, dramatically accelerating the rate of dissociation and subsequent amyloid

formation. hATTR typically presents as a progressive peripheral neuropathy (polyneuropathy)

affecting sensation and motor function, or as a severe form of cardiomyopathy, often leading to

debilitating heart failure and autonomic nervous system dysfunction.

Wild-type ATTR, often referred to as Senile Systemic Amyloidosis, results from the misfolding of

the normal, non-mutated TTR protein. It primarily affects older males (over 70 years old) and

manifests overwhelmingly as ATTR cardiomyopathy (ATTR-CM). While the protein sequence is

normal, age-related factors and cumulative cellular stress lead to subtle destabilization of the

tetramer and subsequent myocardial infiltration. The widespread recognition of wtATTR as a
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common and treatable cause of restrictive cardiomyopathy has profoundly changed the diagnostic

approach and management of heart failure in geriatric cardiology, necessitating broad screening in

elderly patients with unexplained left ventricular hypertrophy.

4. Genetic Location and Regulatory Mechanisms

The TTR gene is situated precisely on the long arm of chromosome 18, within the band 18q12.1.

The gene structure spans approximately 6.6 kilobases (kb) of genomic DNA and is functionally

organized into four distinct exons and three intervening introns. Exon 1 contains the necessary

signal peptide sequence crucial for directing the newly synthesized protein into the endoplasmic

reticulum and subsequently facilitating its secretion into the bloodstream, while Exons 2, 3, and 4

encode the structural elements of the mature TTR polypeptide chain. The precise splicing and

transcription of these elements are tightly controlled to ensure adequate levels of TTR production.

Transcriptional control of the TTR gene is primarily mediated by specific sequences in the

promoter region located immediately upstream of Exon 1. In the liver, where the majority of

circulating TTR is produced, expression is strongly regulated by hepatocyte-specific nuclear

factors, ensuring high-volume, constitutive production necessary for systemic transport functions.

These factors respond to metabolic signals, ensuring TTR production is aligned with the body's

needs for Thyroxine and Vitamin A transport, although TTR levels are more significantly influenced

by acute phase reactions like inflammation.

In the choroid plexus, however, regulatory mechanisms differ, suggesting the existence of distinct

tissue-specific control factors that allow TTR production to proceed independently of the systemic

hepatic needs. This differential regulation reinforces the conceptual understanding of TTR's dual

role: a systemic transporter originating in the liver, and a localized neuroprotective factor

originating in the brain. Comparative genetics has also identified TTR pseudogenes in the human

genome, which are non-functional DNA sequences similar to the TTR gene, alongside highly

conserved TTR homologs across numerous vertebrate species, emphasizing the protein's ancient

and critical metabolic function.

5. Diagnostic and Screening Importance

Measurement of Transthyretin levels in serum is utilized in various clinical contexts beyond

amyloidosis diagnosis. Because TTR has a relatively short half-life (approximately 2 days), its

concentration is a sensitive indicator of recent nutritional status and hepatic synthetic function. Low

serum TTR levels (often measured clinically as prealbumin) can indicate acute malnutrition, severe

inflammatory states, or significant liver disease. However, its interpretation must be carefully

balanced, as TTR is a negative acute-phase reactant; levels drop rapidly during inflammation,

regardless of caloric intake, limiting its utility as a pure nutritional marker.
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For individuals suspected of having hereditary ATTR, genetic sequencing of the TTR gene is the

definitive diagnostic tool. Identifying a heterozygous pathogenic mutation confirms the diagnosis of

hereditary amyloidosis, allowing for crucial early intervention and appropriate genetic counseling

for the patient and at-risk family members. Furthermore, high-resolution mass spectrometry is

employed to analyze TTR deposits in tissue biopsies (e.g., nerve, abdominal fat, or heart muscle)

to definitively confirm that the deposited protein is TTR, effectively distinguishing it from other types

of systemic amyloidosis, such as AL amyloidosis (Light Chain).

Advanced cardiac imaging modalities have become indispensable for diagnosing ATTR

cardiomyopathy non-invasively. Specifically, cardiac scintigraphy using bone tracers (like

technetium pyrophosphate, or 99mTc-PYP) is utilized. The tracer binds with high specificity to the

TTR amyloid deposits within the heart muscle. A highly positive cardiac scintigraphy scan, coupled

with the absence of a monoclonal gammopathy in the blood and urine (which rules out AL

amyloidosis), is often sufficient to diagnose ATTR-CM without requiring an invasive

endomyocardial biopsy, significantly streamlining the diagnostic pathway.

6. Therapeutic Strategies and Future Directions

Modern therapeutic strategies for ATTR primarily aim to prevent the TTR tetramer from

dissociating, thereby blocking the formation of toxic amyloid fibrils. This approach utilizes

pharmacological agents known as TTR stabilizers. Drugs such as Tafamidis and Diflunisal bind

specifically and tightly to the Thyroxine binding sites within the TTR tetramer, locking the four

subunits together and dramatically enhancing its conformational stability. By preventing the rate-

limiting step of dissociation, stabilization therapies have demonstrated efficacy in slowing the

progression of both hATTR polyneuropathy and wtATTR cardiomyopathy, improving quality of life

and survival rates.

A second, highly effective class of treatments involves reducing the hepatic production of the

problematic TTR protein through gene silencing technologies. These sophisticated biological

therapies, including small interfering RNA (siRNA) like Patisiran and antisense oligonucleotides

(ASOs) like Inotersen and Vutrisiran, target the TTR mRNA transcript in the liver. By either

degrading or sterically blocking the messenger RNA, they prevent the cellular machinery from

translating the TTR protein. This mechanism leads to profound reductions (often greater than 80%)

in circulating TTR levels, providing significant clinical benefit, particularly for patients suffering from

hATTR polyneuropathy.

Historically, liver transplantation was the only effective treatment for hATTR, as the transplanted

liver produces non-mutated TTR, thereby halting the introduction of mutant protein into the

circulation. While still a viable option for selected patients, pharmacological therapies have largely

superseded transplantation. Current cutting-edge research focuses heavily on developing drugs
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that promote the clearance or degradation of existing amyloid deposits (fibril disruptors) from

affected organs. Furthermore, advanced gene editing techniques, such as CRISPR/Cas9, are

being explored for their potential to correct the TTR gene mutation directly in the liver cells, offering

the prospect of a single-treatment curative approach for hereditary ATTR.

7. Further Reading

TTR Gene (Transthyretin) - Genetics Home Reference

Transthyretin Amyloidosis - Mayo Clinic

Transthyretin Protein Structure and Function - Wikipedia
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