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Introduction
Limb girdle muscular dystrophy (LGMD) refers to a 
group of rare, highly heterogeneous, autosomal neu-
romuscular disorders. Currently over thirty subtypes 
are described, most of which result in proximal muscle 
weakness or myalgia [1]. LGMD is divided into autoso-
mal dominant and autosomal recessive types based on 
inheritance pattern [2]. Dominantly inherited LGMD is 
less common than recessive (5–10% of all LGMD) [3]. 
More than 40 different genes associated with muscular 
dystrophy have been identified till date including nine 
autosomal dominant and 29 autosomal recessive forms 
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Abstract
Background Limb Girdle Muscular Dystrophy R1 (LGMDR1) is an autosomal recessive neuromuscular disease caused 
by mutations in the calpain-3 (CAPN3) gene. As clinical and pathological features may overlap with other types of 
LGMD, therefore definite molecular diagnosis is required to understand the progression of this debilitating disease. 
This study aims to identify novel variants of CAPN3 gene in LGMDR1 patients.

Results Thirty-four patients with clinical and histopathological features suggestive of LGMD were studied. The muscle 
biopsy samples were evaluated using Enzyme histochemistry, Immunohistochemistry, followed by Western Blotting 
and Sanger sequencing. Out of 34 LGMD cases, 13 patients were diagnosed as LGMDR1 by immunoblot analysis, 
demonstrating reduced or absent calpain-3 protein as compared to controls. Variants of CAPN3 gene were also 
found and pathogenicity was predicted using in-silico prediction tools. The CAPN3 gene variants found in this study, 
included, two missense variants [CAPN3: c.1189T > C, CAPN3: c.2338G > C], one insertion-deletion [c.1688delinsTC], one 
splice site variant [c.2051-1G > T], and one nonsense variant [c.1939G > T; p.Glu647Ter].

Conclusions We confirmed 6 patients as LGMDR1 (with CAPN3 variants) from our cohort and calpain-3 protein 
expression was significantly reduced by immunoblot analysis as compared to control. Besides the previously known 
variants, our study found two novel variants in CAPN3 gene by Sanger sequencing-based approach indicating that 
genetic variants in LGMDR1 patients may help to understand the etiology of the disease and future prognostication.
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(LGMDR1 to LGMDR24) [4]. It has been reported that 
the most common LGMD subtype is LGMDR1 (26.5–
30% of LGMD) [5] which occurs due to a number of vari-
ants in CAPN3 gene [6]. However, the frequency can vary 
widely within population [7]. Onset of symptoms ranges 
from 6 months to 14 years [8]. The most common phe-
notype of LGMDR1 is progressive muscle weakness and 
atrophy, which is usually accompanied by bilateral scapu-
lar winging and Achilles tendon contracture [9]. The clin-
ical phenotype and laboratory data are not specific for 
LGMDR1 and may overlap with other types of LGMD; 
thus, the disease can be neither clinically diagnosed 
with certainty nor investigated at the biochemical level. 
Slowly progressive LGMDR1 can cause loss of ambula-
tion during childhood and near-normal life expectancy 
[10]. To our best knowledge, calpain-3 immunoblot 
is the primary method to diagnose LGMDR1 in clini-
cally suggestive cases before conclusive diagnosis based 
on immunohistochemistry and molecular genetics [8]. 
Therefore, the current practice involves demonstration 
of calpain-3 protein expression by immunoblot analysis 
followed by genetic analysis of CAPN3 gene for diagno-
sis of LGMDR1. The histopathological findings in muscle 
biopsy of LGMDR1 include muscle necrosis, interstitial 
macrophage, regeneration, muscle fiber size variation 
[11–15]. Endomysial inflammation may be observed in 
an occasional case. The histopathological features are not 
specific; therefore, diagnosis remains a challenge [12] and 
ancillary techniques are required.

More than 440 different pathogenic variants of cal-
pain-3 gene have been reported till now, distributed 
along the whole length of gene product [16]. CAPN3 
gene comprises of 24 exons and is located on chromo-
some 15q15.2 [17]; it is expressed as a 3.5-kb transcript 
and encodes a 94 kDa calpain-3 protein [18]. Calpain-3 is 
a calcium dependent non-lysosomal intracellular cysteine 
protease comprising of 821 amino acids. It has an N-ter-
minal domain (domain I), proteolytic domain (domain IIa 
and IIb), a calcium and phospholipid binding C2 domain 
(domain III), calcium binding domain (domain IV with 
five EF hand sequences which help to bind with calcium 
ions) and three unique sequences known as NS1, IS1, IS2 
[19]. In addition, calpain-3 protein is involved in muscle 
membrane repair and maintenance [20] and myogenesis 
[21]. However, its physiological functions are yet to be 
studied [22]. As per literature, most frequent type of vari-
ants found in CAPN3 gene is missense variants (approx 
60%) among which incidence of heterozygous variants is 
common [23]. Currently there are no hotspot mutation 
regions knowns in CAPN3 gene [24]. Moreover, CAPN3 
variants often represent irregular distribution along the 
entire length of the gene. However few studies showed 
that cluster of variants might be present in a subgroup of 
exons in several populations [11].

Diagnosis of calpainopathy depends mainly on the 
detection of calpain-3 protein expression. Phenotypes of 
LGMDR1 are sometimes overlapped with other muscular 
dystrophies. Demonstration of protein deficiency in mus-
cle tissue by Western blot helps the diagnosis, but pro-
tein expression may be normal in some cases. Therefore, 
demonstration of CAPN3 gene mutations confirms the 
diagnosis. In the present study, we investigated calpain-3 
protein expression in muscle dystrophy cases suspected 
to have calpainopathy, for which muscle enzyme histo-
chemistry and immunohistochemistry were performed. 
We hypothesized that analysis of calpain-3 protein 
expression would help in the diagnosis. This diagnosis 
can be further confirmed at genetic level by detection of 
CAPN3 gene mutations in all 24 exons that may provide a 
new insight in diagnosis of LGMDR1 patients.

Materials and methods
The study was conducted at Post Graduate Institute of 
Medical Education and Research (PGIMER) Chandi-
garh. Patients with muscular dystrophy presenting to 
Neurology department were included. A clinical diagno-
sis of muscular dystrophy was made on clinical findings. 
The Creatine Kinase (CK) level and myopathic pattern 
on EMG were recorded. The demographic and clinical 
details of LGMD patients including age, sex and clinical 
records were taken from the Department of Neurology. 
A total of 34 cases with dystrophic features on histol-
ogy and suspected of LGMD were enrolled in the study. 
Muscle biopsy was taken mainly from biceps or deltoid; 
however, some were obtained from hamstring and vastus 
lateralis muscles. A vastus lateralis muscle samples free 
of any muscle disease obtained from the thigh flaps used 
during craniectomy procedures were taken as control 
(n = 5). Histopathologically, proven LGMD of both sexes 
were included for this study. Patients with inflammatory 
myopathy were excluded from the study. An informed 
consent from all the patients was collected. The ethical 
clearance was obtained from the institute’s ethics com-
mittee (NK/4563/PhD).

Histopathology
Muscle biopsy tissue sections were processed for Haema-
toxylin & Eosin (H&E) staining described below. 8 μm of 
tissue sections were cut and lifted on glass slides. Slides 
were mounted in DPX after completion of H&E staining.

Enzyme histochemistry
Muscle biopsy samples were processed and the his-
tochemical stains NADH-TR (Nicotinamide adenine 
dinucleotide-tetrazolium reductase), SDH (succinic 
dehydrogenase), COX-SDH (Cytochrome oxidase-suc-
cinic dehydrogenase) used on cryosections (8-µm thick-
ness). NADH-TR stain was used to differentiate Type I 
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and Type II fibers, distribution of mitochondria, abnor-
mal mitochondria; SDH to detect fibers with abnor-
mal mitochondria; Cox to detect fibers without activity; 
COX-SDH to detect fibers without cytochrome-C oxi-
dase activity.

Immunohistochemistry
IHC was done to exclude other types of dystrophies with 
various primary antibodies such as anti-dystrophin anti-
body (#Invitrogen PA5-32388), anti-sarcoglycan alpha 
antibody (#Novus Biologicals NBP2-67150), anti-sarco-
glycan beta antibody (#Novus Biologicals NBP2-54977), 
anti-sarcoglycan gamma antibody (#Novus Biologicals 
NBP1-90299), anti-dysferlin antibody (#Abcam 124,684).

Western blotting of calpain-3 protein
Total protein was extracted from snap-frozen muscle 
biopsy tissues (10  mg) using lysis buffer (0.125  M Tris, 
10% glycerol, 4% SDS; pH 8.0) [25] and supernatant was 
quantitated by bicinchoninic acid (BCA) assay. Forty 
microgram (40  µg) protein was subjected to 10% SDS-
PAGE (sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis) and electroblotted by using a semi-
dry transfer system. Membrane was blocked with 5% 
skimmed milk in 1x TBST (Tris Buffered Saline with 
0.1% Tween-20) 4°C overnight. Next day, membrane 
was incubated with primary antibody (Anti-calpain-3, 
Abcam 103,250) for 2  h at room temperature. Then 
membrane was incubated with secondary antibody for 
1  h at room temperature and then developed with che-
miluminescence substrate. After this, the membrane was 
stripped off and probed with anti-GAPDH antibody as 
GAPDH was used as a loading control. Results of indi-
vidual patients were analyzed with control. Here, we used 
one control per one blot for analysis. Further, analysis 
of Western blotting was done by using ImageJ software 
(https://imagej.en.softonic.com/download). We could 
not repeat the GAPDH analysis with a low exposure 
because we do not have enough samples to repeat.

Mutation analysis of CAPN3 gene by Sanger sequencing
The genomic DNA was isolated from peripheral blood 
using DNA isolation kit (Qiagen) as per manufacturer’s 
protocol. The isolated DNA was subjected to PCR ampli-
fication with primers for all 24 exons of CAPN3 gene. 
PCR was done with 70–200 ng DNA and amplified DNA 
was analyzed by 2% agarose gel electrophoresis. Ampli-
fied PCR products were purified using PCR purification 
kit (Qiagen) as per manufacturer’s protocol. Purified 
PCR products then proceeded for DNA sequencing 
using terminator kits based on Sanger Sequencing. The 
sequencing data obtained from Sanger Sequencing was 
visualized using chromatogram viewer FinchTV 1.4 soft-
ware (https://finchtv.software.informer.com/1.4/) and 

matched with NCBI reference sequence using Nucleotide 
blast. Data annotation was done by Ensemble genome 
browser (https://asia.ensembl.org/index.html). The 
nomenclature of variants reported in this study is based 
on transcript NM_000070.3 (CAPN3). Variants were also 
validated in parents as per the availability of samples. In-
silico analysis was done for pathogenic and likely patho-
genic variants using these prediction tools: PolyPhen-2 
(http://genetics.bwh.harvard.edu/pph2/), Provean 
(http://provean.jcvi.org/index.php), Mutation Taster 
(http://www.mutationtaster.org/), Human Splice Site 
Finder. Clinvar database was searched for the variants. 
The variants found in this study were classified according 
to ACMG (American College of Medical Genetics and 
Genomics) guidelines by Richard et al. 2015 [26].

Statistical analysis
Statistical analysis was performed using GraphPad Prism 
10 Software. Data were tested for normal distribution 
using Shapiro-Wilk test. Data were presented as median. 
Mann-Whitney test was used for group comparison 
where data were non-normal. The difference between 
two groups was considered significant where the P value 
was < 0.05.

Results
Clinical finding
According to Calpainopathy Review in Gene Reviews 
2022, calpainopathy patients present some clinical fea-
tures such as tiptoe walking, difficulty in running, scap-
ular winging, waddling gait, laxity of the abdominal 
muscles, Achilles tendon shortening, and scoliosis. These 
patients do not have cardiac involvement or intellectual 
disability.

Previous study by Piluso G et al., 2005 [16] reported 
autosomal recessive calpainopathy phenotypes based 
on the distribution of muscle weakness and age at onset 
into five categories: (A) Severe LGMD patients had seri-
ous weakness and required wheelchair before the age of 
35; (B) intermediate LGMD patients had weakness and 
difficulty in deambulation, but they were able to walk 
alone beyond the age of 35; (C) mild LGMD patients had 
symmetrical scapular winging and hyperCKaemia; (D) 
isolated hyperCKaemia; and (P) was characterized by 
presymptomatic patients who were too young to be clas-
sified by clinical criteria but showed laboratory findings 
such as increased CK, myopathic biopsy, and others.

In our study, all patients showed mainly proximal 
limb weakness (proximal > distal), difficulty in climbing 
upstairs and getting up from sitting position as clini-
cal manifestations. Serum CK level ranged between 472 
and 20,000 IU/L. None of the patients had facial or car-
diac disease. Scapular winging was observed as one of 
the major clinical features. Out of 13 LGMDR1 patients, 
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there were 9 males and only 4 females with male: female 
ratio of 2.25:1. The median age of presentation was 22 
with a range of 5–57 years. The Table 1 represents gen-
otype-phenotype correlation of LGMDR1 patients with 
CAPN3 variants in different exons.

Pathological finding
The muscle biopsies on histology showed dystrophic 
features. The transverse muscle fibers revealed mild to 
moderate muscle fiber size variation. Many round atro-
phic and hypertrophic fibers were observed with inter-
nalization of nuclei (Fig.  1a). Lobulated (Fig.  1b) and 
split fibers were also noted. Occasional fibers showed 
subsarcolemmal reaction products but no ragged fibers 
were seen. There was no evidence of granuloma, vascu-
litis or amyloid deposition. Few necrotic fibers with focal 
myophagocytosis were observed. There was an increase 
in interstitial macrophages destroying muscle fibers. In 
most of the cases, mild inflammatory components were 
noted (supplementary Fig. 1).

Enzyme histochemistry and immunohistochemistry
Enzyme histochemistry was done using NADH-TR, 
COX, SDH, COX-SDH stains (Fig.  2a-d). NADH-TR 
stain highlighted the lobulated fibers. On NADH, the 
Mitochondria and sarcoplasm stained blue-purple due 
to formazan precipitate. Type I fibers (red slow oxida-
tive) were darker than type II (white fast glycolytic). On 
COX stain, type I fibers were darker than type II. SDH 
stain was used to check mitochondrial proliferation and 
showed dark fibers rich in mitochondria. Combined 
COX-SDH stain showed fibre (blue) devoid of COX but 
expressing SDH.

Immunohistochemistry on frozen muscle sections 
using antibodies against dystrophin, sarcoglycan alpha, 
sarcoglycan beta, sarcoglycan gamma, dysferlin revealed 
normal expression on myofibers (Fig. 3a-e).

Immunoblot analysis of Calpain-3 protein
A total 34 LGMD patients and 5 control subjects were 
subjected to immunoblot analysis of Calpain-3 protein. 
Out of 34 LGMD patients, 13 patients showed decreased 
expression of calpain-3 protein among which 2 patients 
showed complete loss of calpain-3 protein, whereas 11 
patients showed partial loss of calpain-3 protein at its 
molecular weight location (94 kDa). As seen from Fig. 4a 
and supplementary Fig.  2, Patients (P) 1, 2, 3, 5 and 6 
showed partial loss of Calpain 3, while patient 4 showed 
a total loss of the protein at 94  kDa position. GAPDH 
(37  kDa) was used as a loading control on the Western 
blot (Fig.  4a and supplementary Fig.  3). Calpain-3 pro-
tein expression was significantly reduced in 13 patients 
[P = 0.0002] as compared to controls (Fig. 4b).

Sanger sequencing of CAPN3 gene
Sanger sequencing of total 24 exons of CAPN3 gene was 
performed in all 34 LGMD patients. We found variants 
in CAPN3 gene in 6 patients where calpain-3 protein 
expression was reduced. No CAPN3 variants were identi-
fied in patients with normal expression of calpain-3 pro-
tein. Among all CAPN3 variants in 6 LGMDR1 patients, 
two were missense [CAPN3: c.1189T > C (p.Phe397Leu), 
CAPN3: c.2338G > C (p.Asp780His)] (Figs.  5, 6, 7 and 
8), one insertion-deletion [CAPN3: c.1688delinsTC 
(p.Arg490Leufs*87)] (Fig.  9), one splice site variant in 
intron 18 (c.2051-1G > T) (Fig. 10), one nonsense variant 
[CAPN3: c.1939G > T (p.Glu647Ter) (Fig. 11) (depicted in 
Table 1). Five patients had homozygous variants and one 
patient was compound heterozygote.

In summary, two novel variants - one missense, 
one insertion-deletion [CAPN3: c.1189T > C; CAPN3: 
c.1688delinsTC] in two patients while previously 
reported three variants- one missense, one nonsense, one 
splice-site [CAPN3: c.2338G > C; CAPN3: c.1939G > T; 
CAPN3: c.2051-1G > T] were observed in other 4 patients 
of LGMDR1 (depicted in Table 1). In our study, missense 
variants in exon 22 of CAPN3 gene showed the highest 
frequency (3 out of total 6 patients = 50%) in LGMDR1 
patients, all of which were predicted to be pathogenic.

Discussion
LGMD is the most frequent form of muscular dystro-
phy worldwide [13] and accounts for around 40% of all 
LGMD cases based on different regions [27]. The current 
investigation results account for 38.2% of total LGMD 
cases as calpainopathy is similar to these studies. The 
study was conducted to identify novel variants in CAPN3 
gene in LGMDR1 patients. A total of thirty-four cases 
with dystrophic features on histology and suspected to 
have LGMD were enrolled in the study. Immunoblot 
analysis was done in 34 LGMD cases to detect expression 
of calpain-3 protein in muscle biopsies among which 13 
patients showed reduced expression. Significant reduc-
tion of calpain-3 protein (94  kDa) on Western blot was 
observed in these 13 patients (6 patients with CAPN3 
variants and 7 without CAPN3 variants) as compared 
to controls. Our observation was similar to the previous 
study where reduced or absent expression of calpain-3 
protein was observed at 94 kDa band size [28].

Secondary reduction of calpain-3 protein can be 
observed in other types of muscular dystrophies. Thus, 
immunohistochemistry of other muscle proteins should 
be done to exclude other type of muscular dystrophies 
for patients with clinical features of LGMDR1 [8]. In 
our study, muscle biopsies showing normal protein 
expression of dystrophin, dysferlin, sarcoglycans were 
selected for immunoblot. Calpainopathy is considered 
as a group of myopathies with various phenotypes [29]. 



Page 5 of 13Banerjee et al. Orphanet Journal of Rare Diseases          (2024) 19:140 

Ta
bl

e 
1 

Va
ria

nt
s i

n 
CA

PN
3 

ge
ne

 fo
un

d 
in

 L
G

M
D

R1
 p

at
ie

nt
s, 

in
-s

ili
co

 a
na

ly
sis

 a
nd

 g
en

ot
yp

e-
ph

en
ot

yp
e 

co
rre

la
tio

n
G

en
ot

yp
e-

ph
en

o-
ty

pe
 c

or
re

la
tio

n
W

ad
dl

in
g 

ga
it;

 w
as

tin
g 

of
 b

ic
ep

s,
 tr

ic
ep

s 
an

d 
su

pr
as

pi
na

tu
s 

m
us

cl
e;

 C
al

f w
ith

 E
D

B 
(e

xt
en

so
r d

ig
ito

ru
m

 b
re

vi
s)

 m
us

cl
e 

an
d 

Be
ev

or
 s

ig
n 

w
er

e 
ob

se
rv

ed

W
ad

dl
in

g 
ga

it 
an

d 
sc

ap
ul

ar
 

w
in

gi
ng

Pr
ox

im
al

 w
ea

k-
ne

ss
 s

in
ce

 2
 

ye
ar

s

Pr
ob

le
m

s 
in

 ru
n-

ni
ng

 s
in

ce
 th

e 
la

st
 

6 
ye

ar
s,

 d
iffi

cu
lt

y 
in

 
ge

tt
in

g 
up

D
iffi

cu
lt

y 
in

 c
lim

bi
ng

 s
ta

ir
s,

 g
et

tin
g 

up
 fr

om
 s

qu
at

tin
g 

po
si

tio
n.

 W
ad

-
dl

in
g 

ga
it,

 s
ca

pu
la

r w
in

gi
ng

 a
nd

 
ad

du
ct

or
 s

pl
ay

 s
ig

n 
w

er
e 

ob
se

rv
ed

Pa
tie

nt
 n

ee
de

d 
su

pp
or

t 
du

ri
ng

 w
al

ki
ng

, w
ith

 p
re

s-
en

ce
 o

f l
or

do
tic

 p
os

tu
re

 
an

d 
w

as
 w

he
el

ch
ai

r b
ou

nd
AC

M
G

 c
rit

er
ia

 a
nd

 
cl

as
sifi

ca
tio

n
PM

1,
 P

M
2,

 P
P2

, P
P3

 (L
ik

el
y 

pa
th

og
en

ic
)

PM
1,

 P
M

2,
 

PP
2,

 P
P3

, P
P5

 
(P

at
ho

ge
ni

c)

PV
S1

, P
M

2,
 

PM
3,

 P
P3

, P
P5

 &
 

PM
1,

 P
M

2,
 P

M
3,

 
PP

2,
 P

P3
, P

P5
 

(P
at

ho
ge

ni
c)

PV
S1

, P
M

2,
 P

P3
 

(P
at

ho
ge

ni
c)

PM
1,

 P
M

2,
 P

P2
, P

P3
, P

P5
 (P

at
ho

ge
ni

c)
PV

S1
, P

M
2,

 P
P3

, P
P5

 
(P

at
ho

ge
ni

c)

H
um

an
 S

pl
ic

e 
Si

te
 

Fi
nd

er
Ac

ce
pt

or
 sp

lic
e 

sit
e 

aff
ec

te
d

M
ut

at
io

n 
Ta

st
er

D
ise

as
e 

ca
us

in
g

D
ise

as
e 

ca
us

in
g

D
ise

as
e 

ca
us

in
g

D
ise

as
e 

ca
us

in
g

D
ise

as
e 

ca
us

in
g

D
ise

as
e 

ca
us

in
g

Pr
ov

ea
n

de
l (

-5
.3

18
)

de
l (

-5
.9

73
)

de
l (

-5
.9

73
)

de
l (

-5
.9

73
)

Po
ly

Ph
en

PD
 (0

.9
29

)
PD

 (1
.0

00
)

PD
 (1

.0
00

)
PD

 (1
.0

00
)

M
ut

at
io

n 
ty

pe
M

iss
en

se
M

iss
en

se
Sp

lic
e 

sit
e 

va
ria

nt
 

& 
m

iss
en

se
In

se
rt

io
n-

de
le

tio
n

M
iss

en
se

N
on

se
ns

e

H
G

VS
p

p.
Ph

e3
97

Le
u

p.
As

p7
80

H
is

p.
As

p7
80

H
is

p.
Ar

g4
90

Le
uf

s*
87

p.
As

p7
80

H
is

p.
G

lu
64

7T
er

H
G

VS
c

c.
11

89
T 

> 
C

c.
23

38
G

 >
 C

c.
23

38
G

 >
 C

 &
 

c.
20

51
-1

G
 >

 T
c.

16
88

de
lin

sT
C

c.
23

38
G

 >
 C

c.
19

39
G

 >
 T

G
en

ot
yp

e
H

om
o

H
om

o
H

et
er

o
H

om
o

H
om

o
H

om
o

Ex
on

9
22

22
 &

 sp
lic

e 
sit

e 
va

ria
nt

11
22

17

G
en

e
CA

PN
3

CA
PN

3
CA

PN
3

CA
PN

3
CA

PN
3

CA
PN

3
Pa

tie
nt

 (A
ge

/S
ex

)
1 

(1
9/

M
)

2 
(4

5/
M

)
3 

(2
5/

F)
4 

(2
6/

M
)

5 
(2

6/
F)

6 
(2

2/
M

)
H

om
o-

 H
om

oz
yg

ou
s,

 H
et

er
o-

 H
et

er
oz

yg
ou

s,
 P

D
- P

ro
ba

bl
y 

da
m

ag
in

g,
 d

el
- D

el
et

er
io

us
, V

ar
ia

nt
s 

re
po

rt
ed

 b
as

ed
 o

n 
tr

an
sc

rip
ts

 N
M

_0
00

07
0.

3 
(C

AP
N

3)
]. 

N
ov

el
 v

ar
ia

nt
s 

fo
un

d 
in

 th
is

 s
tu

dy
 a

re
 h

ig
hl

ig
ht

ed
 in

 b
ol

d.
 A

ll 
va

ria
nt

s 
ar

e 
cl

as
si

fie
d 

as
 p

er
 g

ui
de

lin
es

 p
ro

vi
de

d 
by

 A
m

er
ic

an
 C

ol
le

ge
 o

f M
ed

ic
al

 G
en

et
ic

s 
an

d 
G

en
om

ic
s 

(A
CM

G
) [

26
]. 

W
e 

ha
ve

 in
co

rp
or

at
ed

 th
e 

AC
M

G
 c

rit
er

ia
 fo

r a
ll 

CA
PN

3 
va

ria
nt

s 
in

 T
ab

le
 1



Page 6 of 13Banerjee et al. Orphanet Journal of Rare Diseases          (2024) 19:140 

In LGMDR1, CK level increases at onset and decreases 
during progression however may remain elevated at 
all stages [25]. In our study, CK level was found to be 
increased in LGMDR1 patients. Sometimes calpainopa-
thy patients may show normal protein expression with 
variation in CAPN3 gene [30]. Therefore, genetic analysis 
of CAPN3 gene is required after immunoblot analysis of 
calpain-3 protein in these patients.

Novel variants
LGMDs are characterized as a heterogeneous group of 
neuromuscular disorders with proximal muscle weakness 

regarding the range of age of onset, clinical symptoms, 
genotype, and disease duration [17]. In this present study, 
we found two novel variants among which one was mis-
sense variant and other was insertion-deletion variant. In 
patient 1, missense likely pathogenic variant c.1189T > C 
(p.Phe397Leu) in exon 9 triggered alteration in amino 
acid change phenylalanine (nonpolar aromatic amino 
acid) to leucine (nonpolar aliphatic amino acid) (Fig. 5b) 
compared to control (Fig.  5a). In-silico analysis (variant 
prediction tool-mutation taster) showed that catalytic 
site of calpain-3 protein may be lost in this case. This 
novel missense variant was classified as likely pathogenic 

Fig. 2 Enzyme histochemistry showing lobulated fibres a: NADH-TR, b: COX, c: SDH stains and d: combined COX-SDH for highlighting COX-deficient 
fibre (arrow) x 40X

 

Fig. 1 Photomicrograph showing variation in muscle fibre size, lobulated muscle fibres (black arrow), atrophic fibres (blue arrow) and internalization of 
nuclei (a: H and E x 20X, b: H and E x 40X)
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according to ACMG guidelines. Out of 2 novel vari-
ants, we also found one insertion-deletion variant lead-
ing to frameshift. Novel insertion-deletion variant 
c.1688delinsTC (p.Arg490Leufs*87) was observed in exon 
11 in another patient (Patient 4), where G was deleted at 
1688 position and TC was inserted, causing alteration 
of arginine to leucine resulting in premature termina-
tion of protein formation (Fig.  9b) compared to control 
(Fig. 9a). In-silico analysis (variant prediction tool- muta-
tion taster) of this variant showed that such insertion and 
deletion could cause loss of domain III (a calcium and 
phospholipid binding C2 domain) of calpain-3 protein. Fig. 5 Homozygous missense variant in exon 9 of CAPN3 gene (Patient 

1) [(NM_000070.3 (CAPN3): c.1189T > C; NP_000061.1: p.Phe397Leu (Novel 
variant)] [a - control, b - patient]

 

Fig. 4 Immunoblot analysis of calpain-3 protein in LGMD patients (a) De-
creased band intensity of calpain-3 protein at 94 kDa in patients as com-
pared to control samples [The full image of membrane was not available. 
The membrane was cut and hybridised one part with anti-calpain-3 anti-
body and another part with anti-GAPDH antibody]; (b) Calpain-3 protein 
expression was significantly reduced in patients (13 LGMDR1 patients) as 
compared to control [C- Control; P- Patients 1–6]

 

Fig. 3 Immunohistochemistry using antibodies against Dystrophin, Sarcoglycan-alpha, Sarcoglycan-beta, Sarcoglycan-gamma and Dysferlin showing 
normal expression in myofibres (a: Dystrophin x 20X, b: Sarcoglycan-alpha x 40X, c: Sarcoglycan-beta x 20X, d: Sarcoglycan-gamma x 40X, e: Dysferlin x 
40X)
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Reported variants
We found three previously reported pathogenic variants 
in LGMDR1 patients among which one was missense 
variant, one was splice site variant, and another one was 
nonsense variant. In this study, we found a previously 
reported (rs778768583) [31–33] missense pathogenic 
variant (c.2338G > C) (p.Asp780His) in exon 22 (Figs. 6b, 
7b and 8b) compared to controls (Figs. 6a, 7a and 8a), in 3 
patients, resulting in change of aspartic acid to histidine. 
In our study, parents of LGMDR1 also showed the same 
variants observed in their offsprings but were asymp-
tomatic. In patient 3, missense variant (c.2338G > C) was 
seen in exon 22; in this case father was heterozygous 
(Fig.  8c). This variant has been established as founder 
mutations for the Agarwal community in India [32]. 
In-silico analysis of this variant using the variant pre-
diction tool- mutation taster, predicted that in such a 

variant, the domain IV (calmodulin-like Ca2 + binding 
domain containing 5 EF hand sequences) of calpain-3 
protein was affected, which could be responsible for the 
pathogenicity. In one case (patient3), this mutation was 
accompanied by another mutation, a previously reported 
[32] splice site variant (c.2051-1G > T) (rs886042108) in 
intron 18 of CAPN3 gene (Fig. 10b) compared to control 
(Fig.  10a), which was predicted to be pathogenic. The 
mother of this same patient (patient 3) was found to be 
heterozygous (Fig.  10c). Apart from this, a homozygous 
nonsense pathogenic variant c.1939G > T (p.Glu647Ter) 
(rs863224960) was found in exon 17 of CAPN3 gene 
(Fig.  11b) [34, 35] in patient 6 compared to control 
(Fig.  11a), resulting in termination of protein forma-
tion at 647 position after formation of a premature stop 
codon. In-silico analysis (variant prediction tool- muta-
tion taster) of this variant showed that the linker region 
of CAPN3 gene was lost.

Fig. 6 Homozygous missense variant in exon 22 of CAPN3 gene (Pa-
tient 2) [NM_000070.3 (CAPN3): c.2338G > C; NP_000061.1: p.Asp780His 
(rs778768583)] [a - control, b - patient]

 

Fig. 9 Homozygous insertion-deletion in exon 11 of CAPN3 gene (Patient 
4) [NM_000070.3 (CAPN3): c.1688delinsTC; NP_000061.1: p.Arg490Leufs*87 
(Novel variant)] [a - control, b - patient]
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Genotype-phenotype correlation
Genotype-phenotype correlation is the association 
between specific mutations and the spectrum of disease 
expression. Proximal muscle weakness was observed in 
all 6 patients as the main clinical manifestation. Geno-
type-phenotype correlation of LGMDR1 patients with 
novel and reported variants are discussed below.

LGMDR1 patients with novel variants were diagnosed 
with proximal muscle weakness and symptomatic since 
last 3–10 years. One out of two patients (except patient 
4) had scapular winging as main clinical feature. Patient 
(Patient 1) with homozygous likely pathogenic missense 
variant in exon 9 [CAPN3: c.1189T > C (p.Phe397Leu)] 
had bilateral upper limb since last 2 years, difficulty in 
getting up from squatting position and climbing upstairs 
as clinical symptoms. This patient had a history of con-
sanguinity. This missense variant in exon 9 of patient 
1 may affect calpain-3 protein expression, which was 
reduced on immunoblot analysis. Patient (Patient 4) 
with homozygous insertion-deletion in exon 11 [CAPN3: 
c.1688delinsTC (p.Arg490Leufs*87)] had difficulty in 
walking and required walking stick. The insertion-dele-
tion variant in patient 5 may affect calpain-3 protein 
expression which was absent on immunoblot analysis.

The missense variant in exon 22 may affect calpain-3 
protein expressions in patient 2 and patient 5 which were 
found to be reduced on immunoblot analysis. Patient 
(Patient 3) was found to be compound heterozygote with 
splice site variant in intron 18 [CAPN3: c.2051-1G > T] 
and heterozygous missense variant in exon 22 [CAPN3: 

Fig. 8 Heterozygous missense variant in exon 22 of CAPN3 gene (Patient 3) [NM_000070.3 (CAPN3): c.2338G > C; NP_000061.1: p.Asp780His (rs778768583)] 
[a - control, b– patient, c- patient’s father]

 

Fig. 7 Homozygous missense variant in exon 22 of CAPN3 gene (Pa-
tient 5) [NM_000070.3 (CAPN3): c.2338G > C; NP_000061.1: p.Asp780His 
(rs778768583)] [a - control, b– patient]
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c.2338G > C (p.Asp780His)]. The acceptor splice site 
variant at the boundary of intron 18-exon 19, may dis-
rupt RNA splicing which results into severely reduced 
calpain-3 protein expression observed in that particular 
patient (patient 3). The nonsense variant found in exon 
17 of patient 6 may affect calpain-3 protein which was 
severely reduced on Western blot.

In our study, the correlation between genotype and 
phenotype indicated physical traits in LGMDR1 patients 
with a given pathogenic genetic variant. Patients with 
nonsense and insertion-deletion (indel) variants were 
associated with severe diseased conditions and wheel-
chair-bound in twenties. In one patient (patient 4) with 
homozygous indel variant leading to frameshift, cal-
pain-3 protein was totally absent. This observation sup-
ports previous studies where it is mentioned that null 
variants cause mostly total loss of calpain-3 protein [11, 
35]. We observed comparatively less severe phenotype in 
patients with missense CAPN3 variants which is in con-
cordance with previous studies due to variability of their 
effect at protein level [9, 16, 36]. However, this genotype-
phenotype correlation needs to be studied in a larger 
number of LGMDR1 patients.

Limitation
There were some limitations in our study. For West-
ern blotting, we used Abcam anti-calpain-3 antibody 
(ab103250) which detected calpain-3 protein only at the 
94  kDa band position (Supplementary Fig.  4). There-
fore, we considered the band reduced or absent for cal-
pain-3 protein, corresponding to the size of 94  kDa for 
the diagnosis of calpainopathy. Previous studies used 
another antibody i.e. Novocastra anti-calpain-3 antibody 
(NCL-CALP-12A2) to detect calpain-3 protein expres-
sion. This antibody was not available during the study 
period which detects other fragments of calpain-3 pro-
tein i.e. 60 kDa and 55 kDa along with 94 kDa [12]. The 
study by Pathak P et al., 2010 reported that expression of 
other fragments of calpain-3 protein (60, 58, and 55 kDa) 
was reduced in LGMDR1 patients compared to control 
using NCL-CALP-12A2 antibody [25]. Their observa-
tion was also similar to other previous studies by Fanin 
M et al., 2009, Fanin M et al., 2001 [28, 35]. In another 
study by Luo et al., 2011, only 94-kDa band and 60-kDa 
band were considered to detect calpain-3 protein expres-
sion by Western blotting using NCL-CALP-12A2 anti-
body [29]. Additionally, we could have performed titin 

Fig. 10 Splice site changes in intron 18 of CAPN3 gene (Patient 3) [NM_000070.3 (CAPN3): (c.2051-1G > T) (rs886042108)] [a - control, b– patient, c - pa-
tient’s mother ]
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immunohistochemistry (IHC) as calpain-3 reduction on 
Western blot can be secondary to other muscle-related 
protein deficiencies [37]. Out of 34 LGMD patients, 13 
patients had reduced calpain-3 protein expression by 
immunoblot analysis. CAPN3 variants were found in 
6 out of theses 13 patients while CAPN3 variants were 
absent in remaining 7 patients. Previous study by Bevi-
lacqua JA et al. 2020 reported that the nine most-fre-
quent LGMD-causing genes were CAPN3; DYSF; SGCG; 
SGCA; SGCB; SGCD; FKRP; ANO5; TCAP and GAA 
[38]. Thus, high throughput genome wide sequencing 
could be done in these 7 patients (without CAPN3 vari-
ants) to detect presence of other variants in the above-
mentioned LGMD genes. Therefore, we have mentioned 
these 7 patients (without CAPN3 variants) as suspected 
LGMDR1 in the limitation part of our study.

Conclusion
Identification of novel variants in CAPN3 gene in our 
study may help to find out the genetic cause of LGMD 
in patients suffering from the disease right from child-
hood to adulthood. Confirmation of diagnosis may avoid 

unnecessary treatments given to such patients and it may 
also help in genetic counseling as well as to formulate 
therapeutic interventions. Genetic factors may regulate 
the diseased phenotype of LGMDR1; therefore, genetic 
testing can help to understand the molecular basis of 
pathogenesis of these heterogeneous patients. Thus, gen-
otype-phenotype correlations are required to elucidate 
characteristics of a mutation and its effect on a patient’s 
phenotype with a genetic etiology. However, such studies 
involving mutation analysis of the CAPN3 gene should 
be carried out only after conducting immunoblot analy-
sis of the protein, which helps in diagnosis of LGMDR1, 
in conjunction with clinical, pathological and immuno-
histochemical findings. Although in most cases, genetic 
studies are sufficient to diagnose LGMDR1 which may 
avoid the need of muscle biopsy.
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