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Novel Missense Variant in MYL2 Gene
Associated With Hypertrophic Cardiomyopathy
Showing High Incidence of Restrictive Physiology
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quent inherited cardiac disease, and its prognosis can
be severely worsened by the presence of restrictive
filling pattern and atrial fibrillation (AF)."? Here, we report a
novel, highly penetrant MYL2variant in a multigenerational
HCM family showing high incidence of restrictive filling
pattern and AR
Genetic testing was performed in affected subject IV-5
(Figure [A]), using a next-generation sequencing panel of
56 genes previously associated with inherited cardiomyopa-
thies. Four different variants have been identified: c.496G>C
p.D166H in MYL2 gene; c83C>T p A28V in TNNTZ2 gene;
c1718C>T pSH73L in LMNA gene; and c2611C>T
p.R871C in MYH6 gene. Moreover, a rare missense variant
(cB279C>T; p.T1760M) in MYH7 gene was identified in
subjects IlI-4; I1I-7; 11I-17; IV-11; and IV-13. Importantly, the
MYLZ2 variant had not been previously reported in the gno-
mAD database, whereas all the other variants were already
present with a minor allele frequency <0.1%. Prediction
tools and conservation scores indicated that MYL2, MYH?7,
and MYHG6 variants could be damaging, while TNNTZ and
LMNA variants could be benign. On the basis of American
College of Medical Genetics and Genomics guidelines, we
classified the LMNA variant as likely benign, the MYH?,
TNNTZ, and MYHG variants as uncertain significance and
the MYL2variant as likely pathogenic. Specifically, the MYL2
variant affects the last and highly conserved amino acid of
the protein, which lies at a critical region of the regulatory
light chain that makes contact with the bent structure of the
myosin lever arm. In silico structural analyses suggested that

Hypertrophic cardiomyopathy (HCM) is the most fre-

p.D166H may lead to an altered lever arm steric conforma-
tion during the cross-bridge cycle (Figure [B]), as already
hypothesized for the p.D166V variant previously associated
with malignant HCM phenotype.®

The novel MYL2 missense variant was identified in 12
additional family members (Figure [A]); 11 of them had been
diagnosed with HCM and one (a 26-years-old woman, IV-2)
showed a borderline phenotype (maximal left ventricular wall
thickness =12 mm). This familial segregation yielded a loga-
rithm of the odds score of 5.35 at a recombination fraction
=0.00 (disease allele frequency of 1/500 and penetrance
of 0.9), thus strongly supporting the association between the
MYL2variant and the HCM phenotype.

The proband (subject I1I-7) is a 76-year-old woman
diagnosed with HCM at the age of 31. She experienced
paroxysmal AF complicated with acute decompensated
heart failure. Sinus rhythm was temporarily obtained
by electrical cardioversions, but after a relapse, the
AF became permanent and symptoms worsened (New
York Heart Association class Ill). The proband'’s brother
(subject I1I-4) was diagnosed when he was 20-years-
old. At the age of b5, he evolved toward the end-stage
phase, worsened by AF onset. He was implanted with
a cardioverter-defibrillator for primary prevention, and 3
years later, the device appropriately interrupted ventric-
ular fibrillation. His clinical course progressively evolved
toward left ventricular dilation with severe impairment
of systolic function (ejection fraction =24%) and devel-
opment of refractory heart failure; he eventually died at
the age of 66.
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# = MYH7 ¢.5279C>T p.T1760M
* = MYL2 c.496G>C p.D166H
® = TNNT2 ¢c.83C>T p.A28V
= LMNA ¢.1718C>T p.S573L
§ = MYH6 ¢.2611C>T p.R871C
= = negative for variants

NA= DNA not available

15: 1%
Variable MYL2 carriers
(n=13)

HCM evidence 12 (92%)
Age at the end of follow-up, years 49420
Age at diagnosis, years 32417
Follow-up, years 1348
Male sex 6 (46%)
Hypertension 2(15%)
NYHA class (time of diagnosis)

S 13 (100%)

- v 0(0%)
NYHA class (follow-up)

- wn 8(62%)

= v 5 (38%)
End-stage HCM 1(8%)
Aurial fibrillation 8(62%)

= Paroxysmal $(39%)

= Permanent 3(23%)
Onset of atrial fibrillation, years 48+20
1CD implantation 3(23%)

- ICD discharge 1 (8%)
Cardiovascular deaths 5(38%)

- Heart failure 3(23%)

- Cardiac transplantation 1(8%)

- Stoke 1 (8%)
Variable Timeal  Follow-

diagnosis up

Maximal left ventricular wall thickness, mm 1644 1543
Left atrial anteroposterior diameter, mm 45412 54414
Diastolic dysfuncrion B(62%) 11(85%)

= A< T(54%)  5(38%)

= Pseudo-normial filling pattern 0 (0%) 1(8%)

- Restrictive filling pattern 1(8%)  5(38%)
Obstruction 0(0%) 0(0%)
Ejection fraction, % 666 58411

Figure. Novel missense variant in MYL2 gene and hypertrophic cardiomyopathy.

A, Pedigree of the family. B, Cartoon representation of the human B-cardiac myosin interacting heads motif (IHM) 3-dimensional structure (PDBid:
5TBY). Myosin heads are represented in light and dark blue, respectively. MYL3 acting as an essential stabilizing light chain is represented with green
nuances while the regulatory MYL2 chains are in red and yellow. Zoomed: overview of the myosin heavy chain/MYL2 interaction interface. Residues
at the interface are visualized as sticks, with dotted lines highlighting electrostatic interactions. C, ECG of subject IlI-25 showing first degree AV block
and left anterior hemiblock (before pacemaker implantation). D, Four chambers echocardiographic view of subject III-25 showing (Continued)
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Figure Continued. biatrial enlargement and septal hypertrophy (before pacemaker implantation). E, Gross view of the left cardiac chambers
of subject IlI-25: note the severe dilatation of the left atrium with an almost preserved left ventricular volume. The thickness of the left ventricular
(LV) free wall and ventricular septum is 13 and 14 mm, respectively, in keeping with symmetrical mild hypertrophy. F, Histology of the LV free
wall of subject l1I-25: note the diffuse disarray of the cardiac myocytes with tiny interstitial fibrosis (trichrome stain). G, Demographic and clinical
characteristics of MYL2 carriers. H, Echocardiographic findings of MYL2 carriers.

Four other patients harboring the MYLZ2 variant also
experienced a particularly adverse clinical outcome. Sub-
ject 111-25 (Figure [C—F]) was a female diagnosed with
HCM at the age of 26, with exertional dyspnea and angina,
who underwent pacemaker implantation for complete
atrioventricular block and thereafter progressed toward
congestive heart failure; she died at 54. Subject V-8
showed a restrictive HCM with mild hypertrophy since the
time of diagnosis at 15-years-old, with preserved ejection
fraction, and severe atrial enlargement. He had become
symptomatic for dyspnea and palpitation since his early
adolescence and developed paroxysmal AF at the age of
17 with subsequent episodes of pulmonary embolism in
the context of right atrial thrombi, which represent a very
unusual echocardiographic finding. Heart failure symp-
toms had rapidly become severe (New York Heart Asso-
ciation class IlI-IV), requiring cardiac transplantation at
the age of 20; unfortunately, he succumbed 16 days after
surgery to malignant pulmonary hypertension. Patient I1-1
was diagnosed with HCM at the age of 51, and after 10
years, he underwent implanted with a cardioverter-defibril-
lator implantation for symptomatic bradycardia and high
risk of arrhythmic events. He became progressively symp-
tomatic with frequent hospitalizations for recurring heart
failure in the presence of restrictive HCM with preserved
ejection fraction and AF; he died of refractory heart failure
at age 72. Patient I1I-15 was diagnosed when she was 44
and died at age 66 of embolic stroke.

The restrictive phenotype (eg, no or minimal left ven-
tricular hypertrophy—maximal left ventricular wall thick-
ness <15 mm—and severe diastolic dysfunction) that we
describe in subject IV-8 had been reported by Kubo et
al* in 19 (1.5%) out of 1226 affected individuals from
688 families. Compared with other patients with HCM,
those with the restrictive phenotype showed a higher
prevalence of AF, New York Heart Association functional
class IlI/1V, greater left atrial diameters, and lower mag-
nitude of maximal left ventricle wall thickness while no
one had left ventricular outflow tract obstruction.

Within the family reported here, 62% of MYLZ2 carri-
ers experienced AF (Figure [G]); this value is three times
higher than that found in the general HCM population’
and could be linked to the severe diastolic dysfunction
present in this family (Figure [H]). Specifically, 38% of
MYL2 carriers in the kindred we are describing, showed
a restrictive filling pattern, much higher than what had
previously been reported.* Other parameters linked to AF
are age, atrial enlargement, and fibrosis of the atrial myo-
cardium, the latter of which may represent the substrate
for reentry. In particular, left atrial diameter is a strong

Circ Genom Precis Med. 2020;13:¢002824. DOI: 10.1161/CIRCGEN.119.002824

predictor for AF and stroke in patients with HCM, and
when >45 mm it should trigger further investigations to
detect AR® Among the subjects displaying the MYL2
variant in this family, we found a mean left atrial antero-
posterior diameter of 45112 at baseline, which further
increased to 54£14 mm during follow-up.

In conclusion, the novel MYL2 variant that we
described here is associated with high incidence of
restrictive physiology, AF, and poor clinical outcomes. Of
course, given that all affected individuals belong to the
same family, one could not rule out the possibility that
other shared genetic—and environmental—factors might
also contribute to their cardiac phenotype. Further mul-
ticentric studies will be needed to thoroughly assess the
impact of MYL2 variants on HCM prognosis.
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