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Purpose: The cardiac phenotype of hereditary transthyretin amyloidosis (hTTR) usually presents
as a restrictive or hypertrophic cardiomyopathy, and, although rarely observed as dilated car-
diomyopathy (DCM), TTR is routinely included in DCM genetic testing panels. However, the
prevalence and phenotypes of TTR variants in patients with DCM have not been reported.
Methods: Exome sequences of 729 probands with idiopathic DCM were analyzed for 7TR and 35
DCM genes.
Results: Rare TTR variants were identified in 2 (0.5%; 95% CI = 0.1%-1.8%) of 404 non-
Hispanic White DCM probands; neither of them had features of hTTR. In 1 proband, a T7TR
His110Asn variant and a variant of uncertain significance in DSP were identified, and in the
other proband, a TTR Val50Met variant known to cause hTTR and a likely pathogenic
variant in FLNC were identified. The TTR Vall42lle variant was identified in 8 (3.0%) non-
Hispanic Black probands, comparable with African/African American Genome Aggregation
Database controls (OR = 1.01; 95% CI = 0.46-1.99).
Conclusion: Among the 729 DCM probands, 2 had rare TTR variants identified without the
features of hTTR, and both had other plausible genetic causes of DCM. Moreover, the frequency
of TTR Vall42lle was comparable to a control sample. These findings suggest that hTTR
variants may have a limited role in patients with DCM without 77R-specific findings.

© 2022 American College of Medical Genetics and Genomics.

Published by Elsevier Inc. All rights reserved.

Introduction

The use of genetic testing to identify causes of cardiomyopa-
thies and other cardiovascular conditions is well-established.
The most common cardiomyopathies tested are dilated car-
diomyopathy (DCM) and hypertrophic cardiomyopathy

(HCM) estimated to occurin 1in 250 and 1 in 500 individuals,
respectively. DCM is characterized by a decreased left ven-
tricular (LV) ejection fraction (LVEF), LV dilatation, and
relative LV wall thinning." In contrast, HCM has a preserved
or enhanced LVEF, no LV dilatation, and a substantial thick-
ening of the LV myocardium, especially of the ventricular
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septum.’ Much less common than either DCM or HCM is
restrictive cardiomyopathy (RCM), which is characterized by a
normal-sized LV cavity, normal or mild LV thickening, pre-
served or mildly reduced LVEF, and reduced ability of the LV
myocardium to relax (reduced LV compliance).3

As genetic testing for cardiomyopathy has proliferated, the
use of large panels of genes has become the standard.”
However, the choices of which genes to add to these panels
and the interpretation of rare variants identified at testing are
driven in part by established gene—phenotype relationships.”
Recent studies have shown that searching for uncommon or
even rare genetic causes of certain phenotypes is important.
For example, rare variants in GLA cause Anderson-Fabry
disease, a lysosomal storage disease with multisystem
involvement, which rarely presents with isolated cardiac hy-
pertrophy that mimics HCM.® Although accounting for >1%
of HCM, GLA has been added to HCM genetic testing panels
not only to establish a medical diagnosis but also because
gene-specific treatments are now available.

Hereditary transthyretin amyloidosis (hTTR), an auto-
somal dominant, multisystemic disease caused by missense
variants in 77TR, is the most common inherited cause of
RCM. These TTR variants lead to the formation of unstable
transthyretin tetrameric proteins, which break into mono-
mers and denature into fibrils that accumulate to form
insoluble extracellular deposits. Multiorgan involvement
can occur, leading to cardiomyopathy, heart failure, cardiac
arrhythmias, sensory and motor polyneuropathy, autonomic
dysfunction, gastroparesis, visual disturbances, nephropa-
thy, and orthopedic disorders. The usual RCM phenotype
seen in hTTR is onset in the seventh to eighth decade of life
with slowly progressive dyspnea on exertion and slow
emergence of heart failure.

The most common genetic cause of hTTR in North
America is the valine 142 isoleucine (Vall42Ile) variant,
which is found in 3% to 4% of African Americans and is
known to have reduced penetrance.” Although cardiac
amyloidosis is the archetypal example of an RCM, it can

also be a mimicker of other cardiac conditions, including
low-flow low-gradient aortic stenosis,8 HCM,Q and much
less commonly DCM'*'* (Table 1). Gene-specific treat-
ments are now also available for hTTR. Although the fre-
quency of relevant TTR variants has been examined in large
cohorts of patients with HCM and aortic stenosis, no such
study is available for DCM. Moreover, even though T7TR is
included in nearly all DCM genetic testing panels, sufficient
data has not been available to assess the relevance of rare
variants identified in TTR for patients with DCM.

The DCM Precision Medicine Study'’ recruited a
multiethnic cohort of families affected by DCM to under-
stand DCM genetics. Although focused on established
DCM genes,'® the study’s exome sequence permitted
consideration of uncommon genetic causes of DCM. Thus,
we examined a cohort of patients with DCM to describe the
prevalence of TTR variants and to describe the phenotypes
of patients with TTR variants.

Materials and Methods
Study participants

Patients and family members with idiopathic DCM were
enrolled in the DCM Precision Medicine Study, a family-based
study designed to test the hypothesis that most idiopathic DCM
has a genetic background.'” Eligible subjects included those
with a diagnosis of idiopathic DCM as previously described,
including the exclusion of a diagnosis of amyloid cardiomy-
opathy.'” All subjects provided informed consent, and study
review and approval were obtained from the Institutional Re-
view Board at the University of Pennsylvania.

Clinical data

Probands’ clinical data were collected as previously
described,”” and sex- and height-specific z-scores for LV

Table 1  Clinical data of patients previously reported with cardiac amyloidosis who presented with dilated cardiomyopathy
Congo Red
Age, Coronary at Cardiac
Number vy Sex ECG Symptoms Angiography  Echocardiogram Results Biopsy Amyloid Type  Reference
1 42 Female Poor R-wave Angina Normal RV/LV dilatation/global Positive ~ Not provided  Talwar
progression hypokinesis et al'?
2 68 Male Atrial fibrillation; Not provided  Moderate LV dilated, severe mitral  Positive  Not provided  Shimada
poor R-wave coronary regurgitation, LV et al'’!
progression artery ejection fraction = 48%
disease
3 63 Male Normal Not provided Not provided LV enlargement Positive  hTTR Kristen
et al*
4 80 Male Normal Not provided  Not provided LV enlargement Positive ~ Wt-TTR Ishida
et al*?
5 77 Male Not provided Angina Normal LV enlargement, severe LV Positive ~ Wt-TTR Kang
dysfunction et al'

hTTR, hereditary transthyretin amyloidosis; LV, left ventricular; RV, right ventricular; Wt, wild type.
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end-diastolic dimension were calculated using established
standards'”’ as previously reported.'” All probands met study
entry criteria for LV systolic dysfunction (LVEF <50%) or
LV end-diastolic dimension z-score >95th percentile.'”

Variant identification and adjudication

Exome sequencing and postprocessing were conducted as
described previously.'® Individual-level coverage metrics for
the TTR transcript of interest (NM_000371.3) were calculated
by considering the number of reads with minimum base quality
>10 and mapping quality >20 at each genomic position in
coding exons and 5 bases into surrounding sequence (introns or
untranslated regions). Genomic positions residing outside of
exome capture target intervals were counted as having
0 coverage. Sequencing coverage was uniformly high across
the 950 individuals who contributed to the variant call format
files used in this analysis by both the mean reads per relevant
base (median across individuals: 52.04; range: 33.82-165.4)
and the percentage of relevant bases with >20X coverage
(median: 100%; range: 93.8%-100%) metrics. Similar
coverage metrics for the 35 DCM-associated genes considered
in the DCM Precision Medicine Study have been presented
elsewhere.'®

We identified the common variant Vall42lle, NM_
000371.3:c.424G>A (NP_000362.1:p.Vall42Ile), as poten-
tially relevant on the basis of previous literature. Filtering was
applied to identify potentially relevant rare variants affecting
the TTR transcript of interest in addition to variants in 35 DCM-
associated genes being identified and adjudicated using
American College of Medical Genetics and Genomics/Asso-
ciation for Molecular Pathology guidelines'® that were modi-
fied for the DCM Precision Medicine Study.'® A total of 17
TTR variants remained after removing variants that were
flagged as low quality (GATK QDFilter flags) in any variant
call format file (Supplemental Table 1).'® Five of these, which
were all missense variants, remained after filtering out variants
with Sequence Ontology impacts indicating minimal impact on
the protein produced by the transcript of interest (ie, variants
not having at least one of the following calculated impacts on
NM_000371.3: transcript ablation, splice acceptor variant,
splice donor variant, stop-gained variant, frameshift variant,
stop-lost variant, start-lost variant, transcript amplification,
inframe insertion, inframe deletion, missense variant, protein
altering variant, or regulatory region ablation).'®'” Removing
any variants with alternate allele frequency >0.1% (on the basis
of the lower bound of the 99.99% CI estimated using Wilson’s
method””) in any nonfounder Genome Aggregation Database
(gnomAD) v2.1.1°" population (African/African American
[AFR], Admixed American/Latino, East Asian, non-Finnish
European, South Asian) resulted in 2 variants:
NM_000371.3:c.148G>A (NP_00362.1:
p.Val50Met) and NM_000371.3:c.328C>A (NP_000362.
1:p.His110Asn). Both of these were retained by the final
filtering criterion, which removed any variant with an alternate
allele frequency >0.05% in any nonfounder gnomAD

population using the definition provided earlier and REVEL
score <0.15.'%?* These 2 variants were manually adjudicated
using DCM Precision Medicine Study criteria adapted from the
American College of Medical Genetics and Genomics and
Clinical Genome Resource variant classification guidance for
DCM gene architecture.'® Sequencing read alignments for
individuals carrying these variants were manually inspected to
ensure that these were not artifacts.

Statistical analysis

All analyses were performed in R version 4.0.2 (R Founda-
tion). Race and ethnicity were self-reported by study partic-
ipants using structured race (African American, Asian, Native
American or Alaska Native, Native Hawaiian or Pacific
Islander, White, more than one race, or unknown) and His-
panic ethnicity (yes, no, or unknown) categories. Probands
were stratified into the race-ethnicity groups used to target
recruitment on the basis of this self-report: probands selecting
African American for race and no for Hispanic ethnicity were
classified as non-Hispanic Black, probands selecting only
White for race and no for Hispanic ethnicity were classified
as non-Hispanic White, and probands identifying as any race
and selecting yes for Hispanic ethnicity were classified as
Hispanic. For the proportion of probands harboring relevant
rare TTR variants, a 95% CI was calculated for each race-
ethnicity stratum using Wilson’s method.”’ To compare the
proportion of DCM probands of a particular race-ethnicity
harboring Vall42lIle variants with that of the general popu-
lation, we used the appropriate subpopulation of the gnomAD
v2.1.1 controls cohort’’ as the comparison group and
calculated the number of individuals with at least 1 Val142lle
variant allele as the number of alternate alleles minus the
number of homozygotes. The conditional maximum likeli-
hood estimate of the odds ratio and the 95% CI obtained by
inverting Fisher’s exact test with a 2-sided mid-P value were
obtained using the exact2x2 package in R.****

Results

Demographic and selected clinical data are presented for 729
probands with a history of idiopathic DCM by race-ethnicity
group (Table 2). The Vall42lle missense variant was identi-
fied in 8 non-Hispanic Black probands (Table 2). The pro-
portion of non-Hispanic Black probands with this variant
(3.0%) was comparable to the AFR gnomAD controls (2.9%;
OR = 1.01; 95% CI = 0.46-1.99), which is consistent with the
lack of known effect of this variant to commonly cause the
DCM phenotype. In particular, the key findings of LV dilata-
tion, reduced LVEF, and relative LV wall thinning in DCM
vary from the more typical RCM phenotype of a normal LV
size, mild LV wall thickening, and usually preserved LVEF
caused by this variant. The absence of this variant in non-
Hispanic White and Hispanic probands was also consistent
with non-Finnish European (0.01%; OR = 0.00; 95%
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Table 2 Demographic and clinical characteristics of study participants by rare or common TTR genotype
Hispanic® Non-Hispanic Black Non-Hispanic White

TTR Negative TTR Negative TTR Positive TTR Negative TTR Positive

Variable (n = 54) (n = 263) (n=28) (n = 402) (n=2)

n (%) or Mean + SD (Min-Max), n Available” Actual Data
TTR variant characteristics
Rare P/LP/VUS - - 0 (0) - 2
Val142Ile - - 8 (100) -

Female 25 (46) 121 (46) 2 (25) 176 (44) 1

Age at diagnosis, y 41.62 + 15.53 42.16 + 13.05 50.73 + 11.23  45.91 + 13.64 46.6, 47.5
(18.06-76.31)  (9.78-82.67) (30.14-64.02)  (4.73-79.76)

LV ejection fraction (%) 22.6 £ 9.1 21.6 + 8.2 22.8 £ 9.4 24.6 + 10.6 25.0, 42.5
(10.0-47.5) (7.5-49.4), 262 (10.0-42.0) (5.0-49.9), 399

LV end-diastolic dimension (z-score) 4.28 + 1.71 4.47 + 1.80 4.28 + 1.25 417 + 1.74 4.98, 2.75
(1.66-9.95) (1.66-10.30), 262 (2.37-5.92) (1.67-10.07), 398

Septal wall thickness, diastole (mm) 9.5+ 2.3 9.7 + 2.4 11.1 + 4.4 9.3+ 2.0 9,10
(5.0-17.0), 49 (0.9-19.4), 194 (7.1-20.4), 7 (4.0-14.7), 335

Posterior LV wall thickness, diastole (mm) 9.6 + 2.0 10.0 + 2.2 10.8 + 2.4 9.6 + 1.9 9,11
(5.7-17.0), 50  (0.8-18.1), 219 (9.0-16.2) (4.0-16.0), 363

TTR negative indicates individuals with no T7R variant meeting search criteria. TTR positive indicates individuals with at least 1 TTR variant meeting search

criteria.

LV, left ventricular; P/LP/VUS, pathogenic, likely pathogenic, or variant of uncertain significance.

Includes 49 White and 5 Black individuals.

Py available is included only if different from n reported in the column header.

CI = 0.00-207.70) and Admixed American/Latino (0.1%; OR
=0.00;95% CI=0.00-57.29) gnomAD controls. One proband
who harbored the Vall42lle variant had septal and posterior
LV wall thicknesses of 20 and 16 mm, respectively, an LVEF
of 25%, and distinct LV enlargement with a LV end-diastolic
dimension z-score of 4.5, meeting study criteria for inclusion.'
The study did not have an exclusion criterion for increased wall
thickness because individuals with DCM can be identified with
a mixed phenotype as was evident in this study with LV hy-
pertrophy, as recently reviewed.” That individual also harbored
a MYBPC3 Argl263Trp variant, NM_000256.3:¢.3787C>T
(NP_000247.2:p.Arg1263Trp), which has been observed
multiple times in patients reported to have HCM. This variant,
which had a gnomAD AFR frequency of 0.07% and was
categorized as a variant of uncertain significance (VUS) by this
study and by ClinVar, may explain the observed LV hyper-
trophy. The 7 others who harbored the Val142lle variant had
wall thicknesses within normal limits. Of the 8 individuals who
harbored Val142lle, 4 had at least 1 additional VUS in a DCM-
associated gene. The other 4 individuals did not have any
variants identified in other DCM-associated genes. None of
those with the Vall42Ile variant harbored a likely pathogenic
or pathogenic variant (Supplemental Table 2).

Rare TTR variants were identified in 2 non-Hispanic
White probands (0.5%; 95% CI = 0.1%-1.8%):
NM_000371.3:¢.328C>A (NP_000362.1:p.His110Asn) and
NM_000371.3:c.148G>A (NP_000362.1:p.Val50Met). No
rare TTR variants meeting our criteria were identified in non-
Hispanic Black and Hispanic probands, ruling out preva-
lence of >1.4% (95% CI = 0%-1.4%) and >6.6% (95%
CI = 0%-6.6%) in these groups.

Patient 1

Patient 1 was a 62-year-old non-Hispanic White woman
who had a history of hypertension and was diagnosed with
cardiomyopathy at age 47 years after presenting with a
syncopal episode. On echocardiography, her LVEF was
found to be severely depressed, and she underwent a coro-
nary angiogram that was negative for coronary artery dis-
ease. She was placed on guideline-directed medical therapy
for heart failure with reduced ejection fraction. She under-
went an ablation for supraventricular tachycardia at age 47
years. On her most recent echocardiogram, she had severe
LV dilatation with an LV internal dimension in diastole of
6.3 cm, a normal LV wall thickness (0.9 cm septal and 0.9
cm posterior wall), and a severely reduced LVEF (20%-
25%). On electrocardiogram, she had premature atrial and
ventricular contractions, left anterior hemiblock, and poor
R-wave progression. She had numerous inappropriate
implantable cardio-defibrillator shocks owing to atrial
fibrillation and also had an episode of sudden cardiac arrest
successfully aborted by her implantable cardio-defibrillator.
She reported no symptoms of peripheral neuropathy or other
features associated with systemic amyloidosis, such as
orthostatic hypotension, carpal tunnel syndrome, or lumbar
spinal stenosis. She had an extensive family history of
cardiomyopathy, including sudden cardiac death of her fa-
ther, mother, and paternal uncle at ages 46, 43, and 55 years,
respectively. Given her dilated phenotype and family his-
tory, she was diagnosed with familial DCM.

Analysis of this patient’s exome data confirmed the pres-
ence of a TTR His110Asn variant (NM_000371.3:¢.328C>A;
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NP_000362.1:p.His110Asn). Although this variant is rare
and has been reported in patients with amyloidosis,”’ the
patients in these reports also had a second T7TR variant that
may have been pathogenic. The His110Asn variant, at times
referred to as His90Asn in the literature, has also been
observed in unaffected individuals.?®" Moreover, it has a
frequency of 0.8% among Ashkenazi Jewish gnomAD con-
trols and has not been reported in association with an
increased frequency of hTTR in this group. Therefore, the
TTR His110Asn is a VUS by DCM Precision Medicine Study
variant adjudication criteria.'® Furthermore, sequence evalu-
ation of DCM-associated genes in this patient’s DNA
identified a VUS in DSP (NM_004415.2:c.1061T>C;
NP_004406.2:p.Leu354Pro). Computational data supported
a pathogenic effect, and 1 segregation was observed in her
family. The patient also had a history of arrhythmia and
sudden cardiac death, which could be consistent with a DSP-
related cardiomyopathy phenotype.’'*? Nevertheless, the
VUS attribution indicates that this variant does not have
proven relevance for this patient’s DCM phenotype.

Patient 2

Patient 2 was a 48-year-old non-Hispanic White man with a
remote history of polysubstance abuse, including cocaine
and amphetamines, who was diagnosed with cardiomyopa-
thy after presenting with poor exercise tolerance. He initially
showed improvement in symptoms when digitalis, angio-
tensin converting enzyme inhibitors, and loop diuretics were
administered. He had a family history notable for familial
amyloid polyneuropathy, with multiple family members
having had neurologic manifestations and a known TTR
Val50Met pathogenic variant. The patient was also identi-
fied to have the Val50Met variant through cascade testing
before research exome sequencing. The patient’s presenting
echocardiogram revealed a dilated LV (LV internal dimen-
sion in diastole of 6.2 cm) with a moderately reduced LVEF
of 35% to 40% and normal LV wall thickness (posterior LV
wall of 1.0 cm and septum of 1.1 cm). His history was
notable for an absence of neuropathic complaints. A cardiac
biopsy was performed that yielded 2 endomyocardial sam-
ples from the right ventricular septum that were negative for
Congo red staining.

Analysis of this patient’s exome data confirmed the pres-
ence of the TTR Val50Met variant (NM_000371.3:
c.148G>A; NP_000362.1:p.Val50Met). This prediction of a
pathogenic effect by computational tools>® has been sup-
ported by functional studies,”” > and the Val50Met variant
has been well-described in the literature as a cause of familial
amyloid polyneuropathy and/or cardiac amyloidosis.’® This
variant, also referred to as Val30Met in the literature, is
classified as pathogenic for hTTR by study criteria. Further
evaluation of DCM-associated genes identified a likely
pathogenic FLNC variant (NM_001458.4:c.62084+-1G>A)
and a VUS in EYA4 (NM_004100.4:c.866C>T; NP_0
04091.3:p.Thr289Met). The FLNC likely pathogenic variant

is rare and has a predicted loss of function effect. The VUS in
EYA4 has been observed at a frequency higher than expected
to be consistent with a DCM-causing role and has not been
reported in the literature in DCM cases. Therefore, the
FLNC (NM_001458.4:c.6208+1G>A) variant is likely
the major contributor to the observed DCM phenotype
described.

Discussion

We present the results of a systematic search for 77R rare
variants and Vall42Ile variants in a large, diverse cohort of
patients with DCM and no prior evidence of amyloidosis.
These findings are clinically important because T7TR is
currently included in cardiomyopathy genetic testing panels,
and differentiating truly pathogenic gene variants from
incidental findings can be challenging for physicians and
can lead to patient confusion. The number of TTR rare
variants identified in this cohort was 2, representing a
prevalence of 0.5% among non-Hispanic White probands.
The first patient’s TTR variant was classified as a VUS, with
insufficient prior clinical or genetic data to assess its rele-
vance for hTTR with certainty. The second patient carried a
TTR variant that has been established to cause hTTR and
cardiac amyloidosis. Neither patients had extra-cardiac
syndromic features of hTTR nor cardiovascular clinical
evidence to suggest cardiac amyloidosis. Both patients had
usual DCM phenotypic presentations with LV enlargement,
systolic dysfunction, and no evidence of LV hypertrophy.
Furthermore, a cardiac biopsy in patient 2 was negative for
amyloidosis. Both patients also harbored variants in DCM-
associated genes, DSP and FLNC, respectively, that likely
had a role in causing their DCM phenotypes, although as
noted earlier, the DSP variant remained classified as a VUS.
Although it is possible that biologically relevant TTR vari-
ants could also modulate the DCM phenotype driven by
variation in a primary DCM gene, the available clinical
evidence identified in these patients does not suggest a role
of the TTR variants in their clinical presentation or disease
progression of DCM.

Relevant key insights for genetic analysis of cardiomy-
opathy can be derived from this study. First, rare TTR var-
iants are unlikely to be identified in patients similar to those
in this study who fully meet DCM clinical characteristics, as
was shown by 95% upper confidence limits ruling out a
prevalence of >1.8% in non-Hispanic Black and White
subpopulations considered in this series of carefully phe-
notyped patients in the DCM Precision Medicine Study.

More importantly, although DCM testing panels
routinely include TTR analysis, these findings suggest that
even variants considered pathogenic may not be clinically
relevant in patients meeting expected clinical characteristics
of DCM but without syndromic features suggestive of
hTTR, at least in the absence of other supportive data, such
as a positive cardiac biopsy. This is particularly important
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because new treatments for hTTR have led to increased
interest in genetic testing, which may be conducted more
widely with DCM phenotypes. Moreover, we suggest that
even if an established pathogenic 77R variant is identified in
a patient with a classic DCM phenotype, a more plausible
alternative genetic cause may be observed, as was in the
case of patients 1 and 2.

The data in this report suggest that the more common
TTR Vall42lle variant does not have a large effect on the
DCM phenotype and may have minimal effect on idiopathic
DCM risk in non-Hispanic Black individuals. Although the
95% Cls produced for this analysis remain wide owing to
the small sample sizes, a future analysis of the DCM
Precision Medicine Study is anticipated to have >500 non-
Hispanic Black probands, which should provide a narrower
range of plausible values. An echocardiographic ancillary
study has begun analysis of LV strain, which may also
contribute to a future larger analysis.

Underlying all of the earlier questions is the more general
question of how rare variants in multiple genes interact to
give the final DCM phenotype. In a recent preliminary ge-
netic analysis,'® 21% of DCM probands in the DCM Pre-
cision Medicine Study carried various combinations of >1
pathogenic, likely pathogenic, or variants of uncertain sig-
nificance. It is also unclear whether a T7TR variant capable of
causing amyloid cardiomyopathy, in many cases a process
that takes decades to present with RCM, would accelerate
the DCM phenotype or be protective, the latter perhaps
owing to a reduced tendency of the LV to dilate from the
structural impact of the amyloid fibrils.

Other usual clinical genetics principles also apply when
identifying a proband with a TTR variant, which include
implications for cascade testing of at-risk family members,
especially given the increasing awareness and treatment
indicated for hTTR, which could contribute more generally
to the practice of precision medicine. Earlier awareness of a
pathogenic 77TR variant will be able to prompt presymp-
tomatic screening with cardiac imaging (eg, nuclear scin-
tigraphy, cardiac magnetic resonance imaging) and
neurologic assessment.

The prevalence of hTTR is uncertain but is considered to
be uncommon to rare, estimated to be 1 in 50,000.%>” Recent
reports suggest that, with increased awareness and diag-
nostic tools, the prevalence had been underestimated.”*
The penetrance of variants for cardiac hTTR varies
greatly, with reduced penetrance of the Vall42lle variant.’
This reduced penetrance likely explains some of the gap
between the 3% to 4% population prevalence of the
Vall42Ile variant in Black patients and the lower prevalence
of TTR-related myocardial disease.

The diagnosis of cardiac amyloidosis is often chal-
lenging. Confirmation of cardiac amyloidosis requires
additional invasive and noninvasive tests. Nuclear scintig-
raphy using 99m Tc-pyrophosphate, combined with nega-
tive serum and urine monoclonal protein testing, has a high
sensitivity and specificity for the diagnosis of T7TR
amyloidosis. Finally, endomyocardial biopsy is the gold

standard for diagnosis of cardiac amyloidosis. Congo red,
immunostaining, mass spectrometry, and electron micro-
scopy allow for the identification and typing of amyloid
fibrils.

Further research efforts such as the DCM Precision
Medicine Study may enable us to learn more about the
incidence of the disease and may help us find new variants;
they also may lead to enhanced understanding of the rela-
tionship between genotype and phenotype. Precision medi-
cine allows identification of DCM not as a single entity but a
spectrum of genetic abnormalities, encoding for different
proteins and metabolic pathways, causing unique differ-
ences in the phenotypes both within and between families
from diverse ancestral backgrounds, reiterating that not all
patients with DCM are the same and therefore should not
necessarily be treated the same.

Limitations

The observations presented in this study provide a useful
description of TTR variants among patients with idiopathic
DCM seen in a tertiary care setting but cannot establish a
causal relationship, if any exists, between TTR variants and
DCM phenotypic presentation.

Conclusions

In 729 carefully phenotyped individuals with DCM, a
potentially relevant TTR rare variant was identified in 2 non-
Hispanic White individuals, both of whom had an alterna-
tive and more likely genetic cause for their DCM and no
evidence of a TTR-related phenotype. Moreover, the pro-
portions of probands with the 7TR Vall42lle variant,
whether non-Hispanic Black or White, were similar to those
found in general population controls, although conclusions
from this analysis are limited by the method of adjustment
for ancestry and limited sample size. Although preliminary,
these results suggest that 77R pathogenic variants are
infrequently identified in patients who fulfill rigorous idio-
pathic DCM phenotyping criteria excluding amyloidosis
and that a 77R variant thus identified may have a limited
role in the DCM phenotype in such cases. The role for in-
clusion of TTR in DCM genetic testing panels remains to be
established.
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Supplemental Table 1. Filtering of 17 TTR variants passing QDFilter found in probands.

Max lower bound
for alternate allele
frequency in

Elimination Sequence Ontology gnomAD REVEL | ClinVar interpretation

Criterion HGVS Nomenclature® impacts (population)’ score (accession)

Minimal impact | NC 000018.9:2.29178513G>C Intron variant 0.15 (AMR) - B (VCV000036892.13)

on protein

product NC_000018.9:2.29178659C>A 3’ UTR variant 0.07 (AFR) - B (VCV000326564.8)
NC _000018.9:2.29175051C>T Intron variant 0.01 (AFR) - LB (VCV000994143.3)

NC_000018.9:2.29171964C>T

Intron variant

0.00008 (NFE)

LB (VCV000993730.3)

NC _000018.9:2.29175237G>A Intron variant 0.008 (AFR) - Conflicting (B, LB, US)
(VCV000036891.8)
NC 000018.9:2.29178517 29178520del Intron variant 0.002 (AFR) - B (VCV000178662.8)

NC_000018.9:g.29172833T>C

Intron variant

0.00003 (AFR)

None

NM _000371.3:¢.360C>T Synonymous variant 0.03 (EAS) - B (VCV000043453.25)
NP_000362.1:p.Ser120=

NC_000018.9:2.29175052G>A Intron variant 0.0004 (AMR) - None

NC _000018.9:2.29178528T>C Intron variant 0.000002 (AMR) - Conflicting (B, US)

Splice region variant

(VCV000229596.9)

NC_000018.9:2.29171851C>T

5’ UTR variant

0.000008 (NFE)

B (VCV001230561.3)

NC_000018.9:2.29173012C>T

Intron variant

0.0005 (NFE)

None

B = Benign; LB = Likely benign; US = Uncertain significance; LP = Likely pathogenic; P = Pathogenic

2 HGVSg nomenclature is provided for intronic, 5> UTR, and 3° UTR variants; HGVSc and HGVSp nomenclature are both provided for protein-coding variants.

» Maximum across non-founder gnomAD v2.1.1 populations (African/African American, AFR; Mixed American, AMR; East Asian, EAS; Non-Finnish

European, NFE; South Asian, SAS) of the lower bound of the 99.99% confidence interval for the alternate allele frequency estimated by Wilson’s method in each

population.

¢ REVEL scores are only available for missense variants.




Max lower bound
for alternate allele
frequency in
Elimination Sequence Ontology gnomAD REVEL | ClinVar interpretation
Criterion HGVS Nomenclature® impacts (population)® score® (accession)
Alternate allele | NM_000371.3:c.76G>A Missense variant 0.07 (NFE) 0.174 B (VCV000013452.20)
frequency NP_000362.1:p.Gly26Ser
o/d
>0.1% NM _000371.3:c.416C>T Missense variant 0.002 (NFE) 0.682 Conflicting (B, LB, US)
NP_000362.1:p.Thr139Met (VCV000013434.32)
NM_000371.3:c.424G>A Missense variant 0.01 (AFR) 0.645 P/LP (VCV000013426.33)
NP_000362.1:p.Vall1421Ile*
Not eliminated | NM_000371.3:c.148G>A Missense variant 0.00007 (NFE) 0.711 P (VCV000013417.36)
NP_000362.1:p.Val50Met
NM 000371.3:¢.328C>A Missense variant 0.0003 (NFE) 0.430 Conflicting (B, LB, US)
NP_000362.1:p.His110Asn (VCV000013427.28)

B = Benign; LB = Likely benign; US = Uncertain significance; LP = Likely pathogenic; P = Pathogenic

“ HGVSg nomenclature is provided for intronic, 5> UTR, and 3° UTR variants; HGVSc and HGVSp nomenclature are both provided for protein-coding variants.
» Maximum across non-founder gnomAD v2.1.1 populations (African/African American, AFR; Mixed American, AMR; East Asian, EAS; Non-Finnish
European, NFE; South Asian, SAS) of the lower bound of the 99.99% confidence interval for the alternate allele frequency estimated by Wilson’s method in each
population.

¢ REVEL scores are only available for missense variants.

?Based on the lower bound of the 99.99% confidence interval estimated using Wilson's method being >0.1% in any non-founder gnomAD v2.1.1 population
(African/African American, AFR; Mixed American, AMR; East Asian, EAS; Non-Finnish European, NFE; South Asian, SAS).

¢ The common Vall42lle variant was analyzed separately due to established relevance for hTTR.



Supplemental Table 2. Additional variants identified in DCM-associated genes in patients with idiopathic DCM harboring the
Vall42lle variant in 77TR.

Subject” | Variant Classification Gene HGVSc HGVSp

A Unknown Significance MYPN NM 032578.3:¢c.1541C>T NP_115967.2:p.Thr514lle

B Unknown Significance MYBPC3 NM _000256.3:¢.1286C>T NP_000247.2:p.Ala429Val

C Unknown Significance EYA4 NM 004100.4:c.251G>A NP_004091.3:p.Ser84Asn
Unknown Significance LDB3 NM 001171610.1:c.917C>A, NP_001165081.1:p.Ala306Asp,

NM _007078.2:¢.713C>A NP _009009.1:p.Ala238Asp

Unknown Significance SCNS5A NM_198056.2:c.3751G>A NP 932173.1:p.Vall251Met

D Unknown Significance MYBPC3 NM_000256.3:¢.3787C>T NP_000247.2:p.Arg1263Trp

“While a total of 8 subjects were found to carry the 77R Vall42Ile variant, only 4 had any variants identified that met criteria for a clinical classification by the
ACMG and ClinGen-based variant adjudication standards designed for this study. The other four did not have any variants of interest identified in the 35 DCM-
associated genes analyzed for this study.
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