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Abstract: Background and Objectives: Hereditary transthyretin amyloidosis (ATTRv) is a rare disease
caused by pathogenic variants in the transthyretin (TTR) gene. More than 140 different disease-
causing variants in TTR have been reported. Only a few individuals with a rare TTR variant,
¢.302C>T, p.(Ala101Val) (historically known as p.(Ala81Val)), primarily associated with cardiac AT-
TRv, have been described. Therefore, our aim was to analyze the clinical characteristics of individuals
with the identified ¢.302C>T TTR variant at our center. Materials and Methods: We analyzed data from
individuals with ATTRv who were diagnosed and treated at Vilnius University Hospital Santaros
Klinikos. ATTRv was confirmed by negative hematological analysis for monoclonal protein, positive
tissue biopsy or bone scintigraphy and a pathogenic TTR variant. Results: During 2018-2021, the TTR
NM_000371.3:¢.302C>T, NP_000362.1:p.(Ala101Val) variant was found in one individual in a homozy-
gous state and in three individuals in a heterozygous state. The age of onset of symptoms ranged from
44 to 74 years. The earliest onset of symptoms was in the individual with the homozygous variant. A
history of carpal tunnel syndrome was identified in two individuals. On ECG, three individuals had
low QRS voltage in limb leads. All individuals had elevated NT-proBNP and hsTroponine I levels
on baseline laboratory tests and concentric left ventricular hypertrophy on transthoracic echocar-
diography. The individual with the homozygous ¢.302C>T TTR variant had the most pronounced
polyneuropathy with tetraparesis. Other patients with the heterozygous variant had more significant
amyloid cardiomyopathy. When screening family members, the ¢.302C>T TTR variant was identified
in two phenotypically negative relatives at the ages of 33 and 47 years. Conclusions: ¢.302C>T is a rare
TTR variant associated with ATTRv cardiomyopathy. The homozygous state of this variant was not
reported before, and is associated with earlier disease onset and neurological involvement compared
to the heterozygote state.

Keywords: transthyretin; cardiac amyloidosis; TTR gene; ¢.302C>T

1. Introduction

Hereditary transthyretin amyloidosis (ATTRv) is a rare autosomal dominant disease
caused by pathogenic variants in the transthyretin (I'TR) gene on chromosome 18 [1].
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Amyloidogenic pathogenic variants destabilize the native TTR and promote the dissociation
of the tetramer into partially dispersed forms, which self-assemble into amyloid fibrils
and form amyloid deposits in the extracellular space of various tissues and organs [1].
Phenotypes associated with ATTRv are cardiac amyloidosis, amyloid neuropathy and
leptomeningeal amyloidosis/cerebral amyloid angiopathy [2].

More than 140 TTR disease-causing variants have been described in ATTRv [3]. The
prevalence of different TTR variants varies according to geographical region and ethnic-
ity. Few genotype—phenotype correlations have been observed [4]. The most common
pathogenic TTR variant associated with cardiac amyloidosis is ¢.424G>A, p.(Val142lle),
with a prevalence of 3.4% among African-Americans [5]. Other frequent TTR pathogenic
variants associated with the cardiac phenotype are ¢.391C>A, p.(Leul31Met) and ¢.262A>T,
p-(Ile88Leu) [6]. The most common pathogenic TTR variant causing ATTRv polyneuropa-
thy is c.148G>A, p.(Val50Met) (previously known as Val30Met), which is endemic in some
regions of Portugal, Sweden and Japan [7,8]. The representative genotype for ATTRv lep-
tomeningeal amyloidosis is ¢.113A>G, p.(Asp38Gly), first described in a
Hungarian family [9].

A rare TTR variant, ¢.302C>T, p.(Ala101Val) (historically known as p.(Ala81Val)), has
been described in few individuals with cardiac ATTRv [10-13]. The aim of this study was
to further delineate the cardiac phenotype resulting from the TTR ¢.302C>T variant in the
heterozygous or homozygous state, detected in four affected individuals at our center.

2. Materials and Methods

We reviewed the data of individuals diagnosed with ATTRv at Vilnius University
Hospital Santaros Klinikos during the years 2018-2021. The diagnosis of ATTRv was
confirmed by negative hematological analysis, positive histological or non-invasive (**™Tc-
labeled pyrophosphate (**™Tc-PYP) scintigraphy) analysis for ATTRv and the identified
pathogenic/likely pathogenic variant in the TTR gene. Individuals with the confirmed TTR
¢.302C>T variant were included for the further evaluation. This study was approved by the
Vilnius Regional Biomedical Research Ethics Committee. Written informed consent was
obtained from all probands and their examined relatives.

2.1. Clinical Evaluation

We present four unrelated families with four affected individuals who carry a TTR
¢.302C>T variant.

Family 1. At the age of 44 years, the male proband noticed numbness in the toes of
his right foot, which quickly spread to both limbs (Table 1, Proband No. 1; Figure 1A, II-1).
The numbness progressed over time, with paresthesia in the arms, legs, and trunk up to
the navel. The proband was examined by a neurologist and diagnosed with sensomotor
polyneuropathy of the upper and lower extremities and pronounced tetraparesis at the age
of 45 years. He also suffered from diarrhea, impaired pelvic organ function, weight loss and
swelling. Cardiac involvement was diagnosed 4 years later. The first cardiological evalua-
tion showed normal voltages on electrocardiogram (ECG), transthoracic echocardiography
(TTE) revealed concentric left ventricular (LV) hypertrophy (max. 13 mm) (Figure 2A,E)
with normal ejection fraction (EF) (LVEF 67%) and troponin I and NT-pro-BNP were ele-
vated. Cardiac magnetic resonance imaging (MRI) showed asymmetric LV hypertrophy
(predominantly in the interventricular septum) with suspected hypertrophic cardiomyopa-
thy. Midmyocardial gadolinium accumulation of up to 50% in the inferior LV wall and
focal fibrotic lesions in the hypertrophied part of the basal interventricular septum were
observed (Figure 3A,B). Later ECG revealed a right bundle branch block and a left anterior
fascicular block (Figure 4A). Coronary computed tomography angiography showed no
abnormalities in the coronary arteries. Hematological analysis for AL amyloidosis was
negative. Adipose tissue, duodenal, colon biopsy and bone marrow trepanobiopsy re-
vealed amyloid deposition with non-specific transthyretin immunohistochemistry reaction.
However, ™ Tc-PYP bone scintigraphy showed no myocardial uptake (Perugini grade 0)
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(Figure 5A). Subsequently, endomyocardial biopsy was performed for differential diagnosis.
Amyloid deposits were found (Figure 5B,C), but immunohistochemistry showed a likely
non-specific reaction for the transthyretin. Mass spectrometry was not available. At the age
of 52 years, the proband died due to complications of pneumonia.

Table 1. Baseline clinical findings and outcomes of the individuals with likely pathogenic TTR gene

variant ¢.302C>T.

Proband No. 1 2 3 4
Zygosity of
NM_000371.3:.302C>1T, Homozygous Heterozygous Heterozygous Heterozygous
NP_000362.1:p.(Ala101Val) Y8 Y& Y8 V&
variant in TTR
Sex Male Male Female Female
Age of onset of symptoms m 74 50 7
(years)
Age at diagnosis (years) 49 77 57 74
NYHA class of heart failure 11T 11T 1 III
Mother had heart
Mother at an older age Brother had heart disease, Mother and brother
Positive family history and aunt on mother’s disease grandmother on died of stroke at an
side had heart disease mother’s side had older age
sudden death
Low QRS voltage - + + +
Pseudoinfarct pattern on ECG - - - -
Conduction disturbances RBBB, LAFB LBBB - LBBB
Atrial fibrillation - + + -
LV hypertrophy Concentric Concentric Concentric Concentric
Maximal wall thickness (mm) 13 21 14 19
LVEF (%) 67 10 55 40
Restrictive LV filling pattern - + + +
Increased RV wall thickness + + - +
Pericardial effusion - + - -
Asymmetric
Cardiac MRI LV hypertrophy (predominantly in Symmetric Symmetric Symmetric
transventricular septum)
Ca.rdlac MRI maximal wall 16 19 14 20
thickness (mm)
Cardiac MRI LVEF (%) 77 45 50 44
Midmyocardial LGE in Diffuse Diffuse Diffuse
Cardiac MRI LGE LV septum and inferior subendocardial midmyocardial LGE subendocardial
wall LGE in LV and RV in LV and RV LGE in LV and RV
9MTe-PYP bone scintigraphy Grade 0 - - Grade 3
Amyloid deposits, likely
non-specific regctlon to TTR amyloid TTR amyloid
transthyretin on R o
. . . . . . . deposition in deposition in
Histological confirmation immunohistochemistry . . . -
. adipose tissue endomyocardial
in bone marrow . .
biopsy biopsy

trepanobiopsy and
endomyocardial biopsy
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Table 1. Cont.

Proband No. 1 2 3 4
NT-proBNP (pg/mL) * 474 11401 3368 2471
Troponin I (ng/L) * 111 95 65 45
Polyneuropathy + - - +
Chronic kidney disease - + + -
Gastrointestinal manifestation + + - -

Carpal tunnel syndrome - - + +
Biceps tendon rupture - NA - -
Follow-up after diagnosis 3 2 3 1
(years)
Death at age 52 due to Death at age 79 due  Death at age 60 due  Death at age 75 due
Outcome pneumonia to colon to heart failure to heart failure
complications adenocarcinoma decompensation decompensation
Variant 1denfc1f1ed "™ Variant identified in
phenotypically henotypicall
Family segregation analysis NA negative phenotypieaty NA
negative 33-year-old
47-year-old dauchter
daughter &

4/ B

ST
_,A%fé;iéé

4 5 6789101112

* At first evaluation. ECG—electrocardiogram; LAFB—Ieft anterior fascicular block; LBBB—left bundle
branch block; LGE—Iate gadolinium enhancement; LV—Ileft ventricle; LVEF—left ventricle ejection fraction;
MRI—magnetic resonance imaging; NA—not applicable; NYHA—New York Heart Association; RBBB—right
bundle branch block; RV—right ventricle; TTR—tranthyretin; **™Tc-PYP—"™Tc-labeled pyrophosphate.
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Figure 1. Genealogies: (A) family 1, (B) family 2, (C) family 3 and (D) family 4. Arrows show
probands. Asterisks show familial variant NM_000371.3:¢.302C>T, NP_000362.1:p.(Ala101Val).

Figure 2. Concentric left ventricular hypertrophy in transthoracic echocardiography views: (A-D)
parasternal long axis; (E-H) parasternal short axis; (A,E) proband, family 1; (B,F) proband, family 2;
(C,G) proband, family 3; (D,H) proband, family 4.
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Figure 3. Late gadolinium enhancement (LGE) images in cardiac magnetic resonance. (A,B) Proband,
family 1: (A) midmyocardial LGE in the septum (short axis view); (B) midmyocardial LGE in inferior
wall (2-chamber view). (C,D) Proband, family 2: diffuse transmural (predominantly subendocar-
dial) LGE in LV and RV, LV and RV hypertrophy, small amount of pericardial fluid (short axis
view in (C), 4-chamber view in (D)). (E,F) Proband, family 3: diffuse midmyocardial LGE in LV and
RV, LV and RV hypertrophy (short axis view in (E), 4-chamber view in (F)). (G,H) Proband, family 4:
diffuse subendocardial LGE in LV and RV, LV and RV hypertrophy (short axis view in (G), 4-chamber
view in (H)).
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Figure 4. Twelve-lead electrocardiograms: (A) proband, family 1—sinus rhythm, right bundle branch
block and left anterior fascicular block; (B) proband, family 2—atrial fibrillation, left bundle branch
block and low QRS voltage in the limb leads; (C) proband, family 3—atrial fibrillation and low QRS
voltage in the limb leads; (D) proband, family 4—atrial fibrillation, left bundle branch block and low
QRS voltage in the limb leads.

According to the family history (Figure 1A), the father (I-1) of the proband (II-1)
was diagnosed with Parkinson’s disease and died at the age of 68. The mother had an
unspecified heart disease. The sister (II-2), aged 46, underwent surgery for carpal tunnel
syndrome on both sides. An aunt on the mother’s side had an unspecified heart disease.
Both parents of the proband were of Polish descent. Family members were not available
for genetic testing.
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Figure 5. (A) *™Tc-PYP bone scintigraphy and (B) histological findings of endomyocardial biopsy of
family 1 proband. Hematoxylin and eosin stain. Red arrows show amorphous eosinophilic deposits
in myocardium (amyloid). (C) Congo red stain. Red arrows indicate amorphous amyloid deposits
(in pink).

Family 2. At the age of 74 years, the male proband underwent cardiological examina-
tion due to dyspnea and chest pain that had persisted for a few years (Table 1, Proband
No. 2, Figure 1B, II-1). TTE showed severely reduced systolic function and concentric hyper-
trophy of both ventricles (Figure 2B,F). Cardiac MRI revealed a restrictive cardiomyopathy
phenotype with reduced LVEF to 45% and significant symmetric LV hypertrophy. Diffuse
myocardial infiltration with gadolinium (predominantly subendocardial) was observed
in the LV and right ventricular (RV) myocardium (Figure 3B,F). There was significant
elevation of NT-proBNP and a mild increase in troponine I. Serum-free light chains, serum,
and urine immunofixation were negative. Histological examination of an abdominal fat
aspirate revealed amyloid in the adipose tissue (transthyretin amyloid deposition). There
was no history of carpal tunnel syndrome. The proband had permanent atrial fibrillation
and left bundle branch block on ECG (Figure 4B), stage III chronic kidney disease and
chronic superficial gastritis. Two years later, at the age of 79 years, the proband died due to
colon adenocarcinoma.

According to the genealogy (Figure 1B), the proband’s (II-1) brother (II-3) had an
unspecified heart disease. The familial TTR variant was detected in the propband’s pheno-
typically negative 47-year-old daughter (III-2). She underwent TTE and cardiac MRI with no
signs of cardiac amyloidosis. Other family members were not available for genetic testing.

Family 3. The proband, a 50-year-old female, presented to an outpatient cardiology
clinic because of worsening dyspnea on exertion and lower-extremity edema that had
persisted for 12 months (Table 1, Proband No. 3, Figure 1C, II-3). Since the age of 36, she
had been diagnosed and treated for primary arterial hypertension and heart failure NYHA
class II. She was also diagnosed with inflammatory polyarthropathy and was treated with
steroids and methotrexate. At the outpatient clinic, TTE revealed concentric LV hypertrophy
with maximal wall thickness of 14 mm, preserved ejection fraction (LVEF 55%), restrictive
LV filling pattern, biatrial enlargement and signs of pulmonary hypertension (Figure 2C,G).
A chest computed tomography with angiography was performed for suspected pulmonary
thromboembolism, but no thrombi were detected in the central and segmental branches of
the pulmonary artery. Additionally, lung ventilation-perfusion scintigraphy was performed,
which revealed a small branch pulmonary embolism in the left lung. Anticoagulation ther-
apy was initiated. The proband was referred to a hematologist for suspected thrombophilia.
Elevated factor VIII activity was found and genetic analysis showed the c.126A>C MTHFR
gene variant in the heterozygous state. However, the heterozygous variant is not associated
with hyperhomocysteinemia or increased risk of venous or arterial thrombosis. Coronary
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angiography was performed to exclude coronary artery disease and showed significant
stenosis (80%) at the proximal segment of the right coronary artery. Therefore, percu-
taneous coronary intervention with stent implantation followed. Subsequently, cardiac
MRI was performed, which revealed symmetric LV hypertrophy with slightly reduced
ejection fraction (LVEF 50%) and diffuse midmyocardial late gadolinium enhancement
(LGE) in the LV and RV (Figure 3E,F). Accordingly, infiltrative cardiomyopathy with the
highest likelihood of amyloidosis was considered. Three years later, bilateral carpal tunnel
syndrome was surgically treated. Finally, biopsy of adipose tissue and myocardium was
performed, and histological analysis confirmed transthyretin cardiac amyloidosis. Later,
ECG revealed persistent atrial fibrillation (Figure 4C). Cardioversion was withheld because
repeated transesophageal echocardiography showed persistent thrombus in the left atrial
appendage despite adequate anticoagulation with vitamin K antagonist. During the fol-
lowing years, repeated pleural drainage was performed due to pleural effusions; therefore,
a long-term pleural catheter was implanted. The proband died at the age of 60 due to heart
failure decompensation.

The family history revealed that the proband’s mother (I-2) and maternal grandmother
had unexplained heart disease (Figure 1C). The familial TTR variant was identified in one
phenotypically negative daughter at the age of 33 years (III-4). She underwent TTE and
cardiac MRI, which showed with no signs of cardiac amyloidosis. Other family members
were not available for genetic testing.

Family 4. The proband, a 72-year-old female, was admitted to the hospital for the
first time after suffering a stroke (Table 1, Proband No. 4, Figure 1D, II-2). Urgently,
thrombectomy was performed and complete symptom regression was observed. During
hospitalization, ECG showed tachycardia, atrial fibrillation, left bundle branch block and
low QRS voltage in the limb leads (Figure 4D). The proband denied palpitations but com-
plained of worsening dyspnea on exertion and lower-extremity edema that had been noted
for several years. Sinus rhythm was restored by electrical cardioversion. She denied any
other chronic illnesses and medication use. TTE showed concentric LV hypertrophy with
maximal wall thickness of 19 mm, reduced ejection fraction (LVEF 40%) and restrictive
LV filling pattern (Figure 2D,H). Troponin I and NT-pro BNP were significantly elevated.
Adipose tissue biopsy showed amyloid deposition. *™Tc-PYP bone scintigraphy revealed
grade 3 myocardial uptake suggestive of ATTRv amyloidosis. Coronary angiography
showed no abnormalities in the coronary arteries. Cardiac MRI revealed concentric LV
hypertrophy with maximal wall thickness of 20 mm, reduced LVEF (44%) and diffuse
subendocardial LGE in the LV and RV (Figure 3G,H). Carpal tunnel syndrome was con-
firmed by a neurologist after a comprehensive evaluation. The woman did not consistently
comply with prescribed treatment, atrial fibrillation returned, and heart failure (dyspnea
and edema) progressed, thus she was hospitalized several times. After 1 year of follow-up,
the proband died due to heart failure decompensation.

According to the genealogy (Figure 1D), the proband’s mother (I-2) and brother (II-3)
died from stroke at the ages of 87 and 77, respectively. Her father (I-1) died at the age of
65 after surgery for suspected thrombosis, and her sister (II-1) died at the age of 60 from
colorectal cancer. Family members were not available for genetic testing.

2.2. Genetic Evaluation
2.2.1. DNA Extraction

DNA was isolated from the peripheral blood using the phenol-chloroform-isoamyl
alcohol method.

2.2.2. Next Generation Sequencing

For the probands from families 1 and 2, next-generation sequencing (NGS) analysis
of genomic DNA was performed using TruSightOne Sequencing panels (Illumina Inc.,
San Diego, CA, USA). For the probands from families 3 and 4, NGS of genomic DNA
was performed using Human Core Exome Kits (Twist Bioscience, South San Francisco,
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California, USA) as previously described [14]. APOA1, APOA2, APOC2, APOC3, B2M,
CST3, FGA, GSN, NLRP3 LYZ and TTR genes, associated with amyloidosis, were analyzed.
Variants were classified following the guidelines of the American College of Medical
Genetics and Genomics (ACMG) [15]. Only variants that passed quality and coverage
filters and showed >99.9% detection reliability were analyzed.

2.2.3. Sanger Sequencing

For the following segregation analysis, Sanger sequencing was performed using gDNA
samples of the proband’s sister and daughter in family 2 and the proband’s two daughters
in family 3. Polymerase chain reaction (PCR) of gDNA sequence flanking the familial
variant of the TTR gene was performed using specific primers designed with the Primer
Blast tool (available upon request). PCR was performed using Phusion High-Fidelity PCR
Master Mix (Thermo Fisher Scientific, Waltham, Massachusetts, USA). PCR products were
fractioned by 1.5% agarose gel (TopVision, Thermo Fisher Scientific, USA) electrophoresis
and visualized under ultraviolet light. The PCR products were sequenced with BigDye®
Terminator v3.1 Cycle Sequencing Kits (Thermo Fisher Scientific, USA) and ABI 3130xL
Genetic Analyser (Thermo Fisher Scientific, USA). The resulting sequences were aligned
with the reference sequence of TTR (NCBI: NM_000371.3).

2.2.4. Real-Time PCR Analysis

Real-time PCR analysis was performed for the family 1 proband to exclude a hemizy-
gosity due to deletion. A pair of primers specific to the deletion region of exon 3 in the TTR
(MIM#176300) gene was designed for this purpose (forward primer:
5-TGTTTCCTCCATGCGTAACT-3'; reverse primer: 5-AAACCAAAACAACCCTCGAAG-
3). SERPINB13 (MIM#604445) gene primers (forward primer: 5-CCAGGTGT-
TTCACTCTGAAAAAGA-3'; reverse primer: 5-CCCAGAGACCCCACACCTAA-3') were
used to amplify the target in exon 3, which was considered as endogenous control outside
the deletion region in the same chromosome 18. Additionally, RNASE2 (MIM#131410)
gene primers (forward primer: 5'-TGCGAAACTGCGTGGACATT-3’; reverse primer: 5'-
ATGCGGAAGCCCATTTCCAT-3") were used to amplify a region of interest outside chro-
mosome 18, serving as a second endogenous control and normalizer gene. Primers were
created using the Primer3 program [16]. Control samples from both sexes without the
clinical phenotype and a negative reaction control (water) were included in the analysis.

One real-time PCR reaction contained 1.5 pmol of each primer and SYBR Green PCR
Mix (Applied Biosystems, Waltham, Massachusetts, USA). Each reaction was replicated
3 times using 10 pg/mL of genomic DNA (1.2 uL) in a 15 uL total reaction volume. Real-
time PCR was conducted using the ABI Prism 7900HT sequence detection system and SDS
software v2.3 (Applied Biosystems) according to the following conditions: initiation at
50 °C for 2 min, initial denaturation at 95 °C for 2 min, followed by 40 cycles of denaturation
at 95 °C for 15 s with annealing and extension at 60 °C for 1 min. Finally, an additional
dissociation stage was added at 95 °C for 15 s and at 60 °C for 15 s. The obtained results
were interpreted in a relative quantification approach using the Comparative Ct (AACt)
method normalizing to endogenous control (RNASE? gene).

3. Results

Next-generation sequencing of the family 1 proband revealed a likely pathogenic
homozygous variant NM_000371.3:c.302C>T, NP_000362.1:p.(Alal01Val), rs1555631417 in
the TTR gene. As parental testing was not available, real-time PCR analysis was performed,
and no heterozygous deletion of exon 3 of the TTR gene was detected. To our knowledge,
this variant in the homozygous state has not been described in the literature before. For the
three other non-related probands (families 2, 3 and 4), the same variant was found in the
heterozygous state. The familial variant was also detected in the proband’s daughter in
both family 2 and family 3.
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This missense variant is located in coding exon 3 of the TTR [17]. It is not present in
large population databases (GnomAD—0). The variant is located in a hot-spot of pathogenic
missense variants in TTR. ClinVar classifies this variant as of likely pathogenic/uncertain
significance. This heterozygous variant has been previously reported in the literature in
patients with cardiac amyloidosis [11,13,18].

4. Discussion

We report four unrelated Lithuanian individuals with rare TTR gene variant ¢.302C>T
(one homozygous and three heterozygous) at a single center and present detailed evaluation
of their cardiac phenotypes. Only a few individuals with the ¢.302C>T TTR variant have
been reported before. This variant has most commonly been found in individuals of Polish
and Russian descent and is mostly associated with cardiac ATTRv [2,10-13].

The ¢.302C>T variant was first described in 2007 as a p.Ala81Val amino acid change.
At the time, the variant was associated with heart involvement and was found in the
United Kingdom [18]. In studies by D. Rowczenio et al., the ¢.302C>T (p.Alal01Val)
TTR variant was identified in three Polish and Russian individuals with the cardiac
phenotype [11,12]. The individual with the homozygous TTR ¢.302C>T variant in our
study was also of Polish descent. In a Polish study of 10 patients diagnosed with hereditary
ATTRy, only one patient was identified as having the ¢.302C>T TTR variant. He was a
67-year-old male with a severely hypertrophied LV and RV (max. thickness of interven-
tricular septum was 2.7 cm), reduced LV systolic function (LVEF 35%) and progressive HF
(NYHA functional class II/III). This individual also had atrial fibrillation, bilateral carpal
tunnel syndrome, orthostatic hypotension and mild polyneuropathy. There was no positive
family history. The proband was diagnosed with cardiac ATTRv via mass spectrometry
as the hematological analysis showed monoclonal gammopathy of unknown significance
and tissue biopsy revealed only microdeposits of amyloid. He died 4 years later at the age
of 71 due to stroke [10]. Only one Chinese male patient with ¢.302C>T TTR variant was
reported. ATTRv amyloidosis started with bilateral carpal tunnel syndrome at 58 years of
age; seven years later, lumbar spondylosis developed. The disease then progressed rapidly,
and within a year, cardiomyopathy and orthostatic hypotension developed. TTR amyloid
deposits were identified by mass spectrometry from a sural nerve biopsy specimen. His
mother had a history of neuropathy. The patient died at the age of 67 due to pneumo-
nia [13]. In our study, the proband with the homozygous TTR ¢.302C>T variant had the
most pronounced polyneuropathy with tetraparesis. Cardiac involvement was diagnosed
4 years later. Other heterozygous patients had more significant amyloid cardiomyopathy.

Homozygous TTR gene variants are rare. The homozygous variant TTR ¢.302C>T
has not been previously described in the literature to our knowledge. However, other
homozygous variants of the TTR gene have been reported [19-24]. The mean age at cardiac
ATTRv diagnosis was 10 years younger for individuals with the homozygous Val122lle
variant than those with the heterozygous variant (64 + 6 years versus 72 + 8 years) [21]. As
in our report, the proband with the homozygous variant had the earliest onset of symptoms
at 44 years, approximately 6 years earlier than the family 3 proband with a heterozygous
variant. Homozygous patients tend to have higher misfolded (variant) TTR serum levels
than heterozygous patients. In a study by Holmgren G. et al., the level of variant TTR
in two homozygous individuals with familial amyloidotic polyneuropathy was twice as
high as that in other heterozygous individuals with Val30Met variants [25]. In an animal
model, mice with homozygous human TTR (Val30Met) produced twice as much human
TTR mRNA and protein in the liver as heterozygous mice with mouse/human TTR [26].
Therefore, homozygous patients may have a more severe form of the disease and develop
symptoms earlier than heterozygous individuals [27].

In a proband with a homozygous TTR ¢.302C>T variant, ™ Tc-PYP bone scintigraphy
was negative, though amyloid deposits were detected in endomyocardial biopsy. Immuno-
histochemistry could not specify the amyloid type as it showed a non-specific reaction to
transthyretin, and mass spectrometry was not available at our center. In the absence of
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monoclonal protein in serum and urine, the specificity and positive predictive value of
bone scintigraphy are almost 100% [28]. Nevertheless, there are some situations that can
lead to negative cardiac uptake: very early disease, rib fracture, recent myocardial infarc-
tion, premature or delayed acquisition and some TTR variants with usually neurological
involvement [29]. Bone scintigraphy can produce false negative results in patients with
type B amyloid fibres that are found in early-onset Val30Met and Tyr114Cys variants [30].
Type B fibres consist of full-length TTR, and type A fibres consist of a mixture of full-length
TTR and C-terminal fragments [31]. Individuals with type B amyloid fibrils tend to have
early onset of disease and less clinical cardiac involvement than type A patients [32]. In
patients with the TTR Phe64Leu variant, the sensitivity of bone scintigraphy with %™ Tc—
diphosphonate or ™ Tc-hydroxyl-methylene diphosphonate was reported to be extremely
low (10.5%) in detecting cardiac ATTRv [33]. Also, low sensitivity was reported in Ser9Tyr
TTR variants [29]. If the amyloid type remains unclear, mass spectrometry is recommended
to support the diagnosis [29,34].

5. Conclusions

The rare TTR ¢.302C>T variant is associated with cardiac ATTRv. This is the first
report of a homozygous ¢.302C>T TTR variant. The earlier disease onset and neurological
involvement in the homozygous state suggest that, like other TTR gene variants, the
homozygous variant of this gene may be associated with more severe ATTRv. More
detailed studies are needed to clarify the differences between patients with homozygous
TTR variants and those with heterozygous variants.
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