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Left ventricular noncompaction (LVNC) is a rare type of cardiomyopathy, occurring less 

frequently than hypertrophic cardiomyopathy (HCM) and dilated CM (DCM). In our patient 

population, we identified a possible association between LVNC and variants in the obscurin 

(OBSCN) gene. Obscurins are giant sarcomeric proteins (≈700 to 900 kDa) that play key 

roles in myofibrillogenesis and cytoskeletal arrangement through interaction with several 

other binding partners, including the proteins titin, myomesmin, and obscurin-like-1 to 

generate a complex important for myofibrillar M-band function (1). While disrupting these 

interactions can have severe consequences for normal muscle function, obscurin’s 

pathogenic involvement in cardiomyopathies is unclear.

Two clinical studies previously reported OBSCN missense variants associated with 

cardiomyopathy (2,3). One of these studies reported two OBSCN missense variants in HCM 

patients (with 1 missense variant affecting obscurin’s binding to titin and connectin) (2). The 

other study associated 5 OBSCN missense variants with DCM in 4 patients (with decreased 

levels of obscurin mRNA, potentially indicating haploinsufficiency) (3). A functional 

cardiac role for obscurin is also supported by animal studies; specifically, zebra-fish OBSCN 
knockdowns have structural and functional abnormalities consistent with congestive heart 

failure, although mouse knockdown models only have mild myopathy (3). Taken together, 

the association between OBSCN missense variants and either HCM or DCM in 2 clinical 

studies (2,3), combined with suggestions of cardiac involvement in limited animal studies 

(3), made obscurin an intriguing target for further exploration in our cardiomyopathy patient 

cohort.

Using the TruSight One-Sequence panel (Illumina, Redwood City, California), which 

queries 4,813 genes associated with clinical phenotypes (cardiac and noncardiac), we 

identified 4 cardiomyopathy probands heterozygous for an OBSCN frameshift or splicing 

variant (4 variants total). These probands were identified from a population of 335 

cardiomyopathy patients (325 DCM and 10 LVNC) queried in its entirety, using the panel. 

Briefly, patient DNA samples had DNA regions of interest captured with the panel, 

sequenced on a HiSeq 2500 Sequencing System (Illumina, Redwood City, California) with 

v4 chemistry, and mapped with Genomic Short-read Nucleotide Alignment Program 

(GSNAP; version 2012-07-20; Thomas Wu, Genentech, San Francisco, California). Variants 
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were called with the Genome Analysis Toolkit (GATK; version 2.1-8-g5efb575; Broad 

Institute, Cambridge, Massachusetts) and classified with Annotate Variation (ANNOVAR, 

version 2012-07-28, QIAGEN, Hilden, Germany) software. Functional predictions were 

made with the database for non-synonymous single-nucleotide polymorphism functional 

predictions (dbNSFP, version 2.0, Xiaoming Liu, University of Texas Health Science Center 

at Houston, Houston, Texas). All variants were confirmed by Sanger sequencing.

Three of the 4 probands had OBSCN frameshift variants, with the remaining 1 having a 

splicing variant (Table 1). Interestingly, although most patients analyzed had DCM (325 of 

335 [97.0%]), only 1 of the 4 OBSCN probands had a DCM phenotype. The other 3 

probands had LVNC, with a noncompacted-to-compacted myocardium (NC/C) ratio of >2 

by echocardiography in end-systole or 2.3 by cardiac magnetic resonance in end-diastole 

(4,5). LVNC was rare in our population (10 of 335 [3.0%]), and the prevalence of OBSCN 
variants was significantly greater in LVNC (3 of 10) than in DCM (1 of 325) (p <0.001). All 

4 OBSCN variants identified localized to the C terminus of obscurin-B-like isoform and 

occurred upstream of the fibronectin type-III 4 and protein kinase 2 domains, which the 

frameshift variants are predicted to eliminate. The earliest variant (p.Thr7266ArgfsTer53) 

also occurred upstream of the protein kinase 1 domain. Two variants, specifically a 

frameshift substitution (p.Thr7266ArgfsTer53) and a splicing variant (c.25367-1G>C), were 

absent from the Exome Aggregation Consortium (ExAC) browser for each proband’s 

population. Of note, the splicing variant additionally had a Genomic Evolutionary Rate 

Profiling (GERP) score of >4.2. We screened all 4 probands for variants in 54 other known 

cardiomyopathy-related genes, but no pathogenic variants were detected. Family members 

of the probands were unavailable for segregation analysis of the OBSCN variants.

Our findings suggest a strong association between OBSCN frameshift and splicing variants, 

all clustering to the C terminus of the same isoform group, with the occurrence of the rare 

LVNC phenotype. Because LVNC is thought to have a developmental basis, investigating 

the possible role of obscurin in heart development may warrant further attention.

Acknowledgments

This work was supported by European Union grant FP7-PEOPLE-2011-IRSES 291834 SarcoSI and U.S. National 
Institutes of Health grants UL1 RR025780, UL1 TR001082, R01 HL69071, and R01 116906 (to Dr. Mestroni); and 
grants CCTSI K23 JL067915 and R01HL109209 (to Dr. Taylor). This work was supported in part by a Trans-
Atlantic Network of Excellence grant from the Leducq Foundation (14-CVD 03).

References

1. Ackermann MA, Shriver M, Perry NA, et al. Obscurins: Goliaths and Davids take over non-muscle 
tissues. PloS One. 2014 Feb 6.9:e88162. [PubMed: 24516603] 

2. Arimura T, Matsumoto Y, Okazaki O, et al. Structural analysis of obscurin gene in hypertrophic 
cardiomyopathy. Biochem Biophys Res Comm. 2007; 362:281–7. [PubMed: 17716621] 

3. Marston S, Montgiraud C, Munster AB, et al. Obscn mutations associated with dilated 
cardiomyopathy and haploinsufficiency. PloS One. 2015 Sep 25.10:e0138568. [PubMed: 26406308] 

4. Jenni R, Oechslin E, Schneider J, et al. Echocardiographic and pathoanatomical characteristics of 
isolated left ventricular non-compaction: a step towards classification as a distinct cardiomyopathy. 
Heart. 2001; 86:666–71. [PubMed: 11711464] 

Rowland et al. Page 2

J Am Coll Cardiol. Author manuscript; available in PMC 2018 April 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



5. Petersen SE, Selvanayagam JB, Wiesmann F, et al. Left ventricular non-compaction: insights from 
cardiovascular magnetic resonance imaging. J Am Coll Cardiol. 2005; 46:101–5. [PubMed: 
15992642] 

Rowland et al. Page 3

J Am Coll Cardiol. Author manuscript; available in PMC 2018 April 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rowland et al. Page 4

TA
B

L
E

 1

V
ar

ia
nt

s 
an

d 
C

lin
ic

al
 P

he
no

ty
pe

s 
of

 4
 A

ff
ec

te
d 

C
ar

di
om

yo
pa

th
y 

Pr
ob

an
ds

 W
ith

 O
B

SC
N

 F
ra

m
es

hi
ft

 o
r 

Sp
lic

in
g 

V
ar

ia
nt

s

C
M

 T
yp

e
V

ar
ia

nt
*

V
ar

ia
nt

C
on

se
qu

en
ce

E
xA

C
 A

lle
le

F
re

qu
en

ci
es

†
C

on
se

rv
at

io
n

(G
E

R
P

)
Se

x/
A

ge
‡

E
th

ni
ci

ty
Sy

m
pt

om
s

E
C

G
N

Y
H

A
F

un
ct

io
na

l C
la

ss
LV

E
F

%
/

LV
E

D
D

 (
cm

)
Im

ag
in

g

LV
N

C
1:

22
85

52
76

5
A

C
T

/A
G

p.
T

hr
72

66
A

rg
fs

 te
r5

3
0/

0
  1

.0
0

M
/5

6
A

F
D

O
E

; C
P

SR
, L

B
B

B
II

–I
II

21
/6

C
M

R
: a

pi
ca

l
N

C
/C

 >
2.

3 
In

fe
ri

or
 D

E

LV
N

C
1:

22
85

59
44

1
G

C
/G

 (
rs

71
18

07
93

)
p.

Se
r7

94
7P

ro
fs

 te
r8

2
0.

00
20

29
/0

.0
03

08
5

  1
.6

9
F/

30
E

U
SO

B
SR

, Q
S 

in
 V

1-
2

I–
II

56
/4

.3
E

C
H

O
: a

pi
ca

l+
m

id
 v

en
tr

ic
le

N
C

/C
 >

2

D
C

M
1:

22
85

59
44

9
C

G
/C

p.
A

la
79

50
Pr

o
fs

 te
r7

9
0.

00
00

78
65

/0
.0

00
08

62
8

−
8.

01
F/

62
E

U
SO

B
R

S,
 L

B
B

B
II

–I
II

26
/7

.0
8

E
C

H
O

: N
o 

N
C

LV
N

C
1:

22
85

62
28

5
G

/C
 (

rs
55

88
32

37
)

c.
25

36
7

-1
G

>
C

0.
00

03
92

1/
0

  5
.1

6
M

/3
9

A
A

SO
B

; C
P;

 f
at

ig
ue

SR
, Q

R
S 

13
2 

m
se

c
II

I
30

–3
3/

6
C

M
R

: a
pi

ca
l

N
C

/C
 =

 2
.6

9
Se

pt
al

 D
E

* B
as

ed
 o

n 
G

R
C

h3
7(

hg
19

).

† E
xA

C
 a

lle
le

 f
re

qu
en

ci
es

 li
st

ed
 a

re
 o

ve
ra

ll 
fr

eq
ue

nc
y/

fr
eq

ue
nc

y 
fo

r 
pr

ob
an

d’
s 

po
pu

la
tio

n 
(i

.e
., 

A
fr

ic
an

 o
r 

E
ur

op
ea

n 
[n

on
-F

in
ni

sh
])

.

‡ A
ge

 a
t e

nr
ol

lm
en

t.

A
A

 =
 A

fr
ic

an
 A

m
er

ic
an

; A
F 

=
 A

fr
ic

an
; C

M
 =

 c
ar

di
om

yo
pa

th
y;

 C
M

R
 =

 c
ar

di
ac

 m
ag

ne
tic

 r
es

on
an

ce
; C

P 
=

 c
he

st
 p

ai
ns

; D
C

M
 =

 d
ila

te
d 

ca
rd

io
m

yo
pa

th
y;

 D
E

 =
 d

el
ay

ed
 e

nh
an

ce
m

en
t; 

D
O

E
 =

 d
ys

pn
ea

 o
n 

ex
er

tio
n;

 E
C

G
 =

 e
le

ct
ro

ca
rd

io
gr

am
; E

C
H

O
 =

 e
ch

oc
ar

di
og

ra
ph

y;
 E

U
 =

 
E

ur
op

ea
n;

 E
xA

C
 =

 E
xo

m
e 

A
gg

re
ga

tio
n 

C
on

so
rt

iu
m

; f
s 

te
r 

=
 f

ra
m

es
hi

ft
 te

rm
in

at
io

n;
 G

E
R

P 
=

 G
en

om
ic

 E
vo

lu
tio

na
ry

 R
at

e 
Pr

of
ili

ng
; L

B
B

B
 =

 le
ft

 b
un

dl
e 

br
an

ch
 b

lo
ck

; L
V

E
D

D
 =

 le
ft

 v
en

tr
ic

ul
ar

 e
nd

-d
ia

st
ol

ic
 d

im
en

si
on

; L
V

E
F 

=
 le

ft
 v

en
tr

ic
ul

ar
 e

je
ct

io
n 

fr
ac

tio
n;

 L
V

N
C

 =
 le

ft
 

ve
nt

ri
cu

la
r 

no
n-

co
m

pa
ct

io
n;

 N
C

/C
 =

 n
on

co
m

pa
ct

ed
-t

o-
co

m
pa

ct
ed

 m
yo

ca
rd

iu
m

 r
at

io
; N

Y
H

A
 =

 N
ew

 Y
or

k 
H

ea
rt

 A
ss

oc
ia

tio
n;

 S
O

B
 =

 s
ho

rt
ne

ss
 o

f 
br

ea
th

.

J Am Coll Cardiol. Author manuscript; available in PMC 2018 April 12.


	References
	TABLE 1

