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A new form of autosomal dominant limb-girdle
muscular dystrophy (LGMD1G) with progressive
fingers and toes flexion limitation maps to
chromosome 4p21
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Limb-girdle muscular dystrophy (LGMD) is a genetic disorder characterized by progressive weakness of
pelvic and scapular girdles and great clinical variability. It is a highly heterogeneous disease with 16
identified loci: six of them autosomal dominant (AD) (LGMD1) and 10 autosomal recessive (AR) (LGMD2).
The responsible genes are known for three of the AD-LGMD and for all 10 AR-LGMD. Linkage analysis
excluded these 16 loci in a Brazilian-Caucasian family with 12 patients affected by AD late-onset LGMD
associated with progressive fingers and toes flexion limitation. Biceps muscle biopsy from one of the
patients showed a predominantly myopathic histopathological pattern, associated with rimmed vacuoles.
A genomewide scan was performed which mapped a new locus for this disorder at 4p21 with a maximum
two-point lod score of 6.62 for marker D4S2964. Flanking markers place this locus between D4S2947 and
D4S2409, within an interval of 9 cM. We propose to classify this AD form of LGMD as LGMD1G.
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Introduction
Limb-girdle muscular dystrophy (LGMD) is a heteroge-

neous genetic disorder characterized by progressive weak-

ness of pelvic and scapular girdles and great clinical

variability. At least 16 loci for LGMD have been mapped

so far: six for autosomal dominant (AD) LGMD, known as

LGMD11 and 10 for autosomal recessive (AR) LGMD, also

classified as LGDM2.2 Responsible genes have already been

identified for all 10 AR-LGMD forms but only for three AD

forms. The dominant forms are relatively rare and

comprise less than 10% of all cases.2 –4 Speer et al5 mapped

the first locus for LGMD1 to 5q (LGMD1A) and demon-

strated evidence of genetic heterogeneity.6 LGMD1A is

caused by a defect in the myotilin gene.7 LGMD1B, located

at 1q11,8 is caused by a defect in lamin A/C9 and LGMD1C,

located at 3p25, is caused by deficiency in caveolin-3.10,11

The locus for LGMD1D, LGMD1E and LGMD1F are

respectively located at 7q,12 6q2313 and 7q32,14 but their

genes were not yet identified.

We have ascertained a Brazilian-Caucasian family with

12 individuals affected by a mild late-onset form of LGMD

associated with progressive fingers and toes flexion limita-

tion. They are distributed in three generations with a clear

AD pattern of inheritance (Figure 1). Linkage analysis

allowed us to exclude all six known LGMD1 loci as

responsible for the disease. Therefore, we undertook aReceived 30 March 2004; revised 11 June 2004; accepted 25 June 2004
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genomewide scan using microsatellite markers. Here we

report the identification of a new LGMD1 locus at 4p21

that we propose to call LGMD1G, further increasing

genetic heterogeneity for AD-LGMD.

Subjects and methods
Subjects

The index case (IV-1, Figure 1) was referred to the Human

Genome Research Center, at the Department of Biology,

University of São Paulo for diagnosis and genetic studies.

The diagnosis of LGMD was based on clinical course,

neurological examination, electromyography and a muscle

biopsy, which showed a primary myopathic pattern.

Subsequent analysis of the family’s pedigree revealed the

existence of 12 affected patients (eight male and four

female patients) distributed in three generations, display-

ing AD inheritance (Figure 1). In total, 10 patients (seven

male and three female patients) were clinically and

neurologically examined by one of us (FK, Table 1). The

study was conducted after informed consent and was

approved by the Institutional Ethics Committee.

Clinical data are summarized in Table 1. The age at onset

varied from 30 to 47 years (30–47 years old for male and

35–40 years old for female patients) and the age at

ascertainment ranged from 37 to 70 years. The initial

symptom was proximal lower limbs involvement in eight

patients, muscular cramps followed by lower limbs weak-

ness in one individual and by upper limbs weakness in

another. The disability progressed slowly over years and

within 10 years after onset, five of six individuals were still

able to walk independently while one of them needs a

cane. Three of four patients with more than 10 years after

onset of symptoms were still able to walk with a cane and

one was wheelchair-bound. Proximal lower limbs involve-

ment and atrophy was observed in all patients and upper

limbs proximal weakness in nine of 10 affected individuals

(Figure 2). In affected muscles, myotatic reflexes were

reduced or abolished. No myotonia was detected. Interest-

ingly, with exception of the youngest patient, all others

showed progressive and permanent fingers and toes flexion

limitation, with reduced movement range in interphalan-

geal joints (Figure 3). It was not accompanied by inflam-

matory signs as pains, swelling or redness and in some

individuals it was not even recognized as a problem. Finger

and toes flexors strength was difficult to evaluate because

of the reduced joint mobility; fingers and toes extension

strength was normal, and no flexion contractures was

present. Intrinsical hand muscles were not amyotrophic

and had normal strength. There were no joints movement

range limitation elsewhere. It is also noteworthy that

diabetes mellitus type II (DM II) was present in all five

patients older than 45 years. Nevertheless, DM II was also

present in three unaffected individuals in this family

(Figure 1, II-1, III-4, III-11).

Complementary examinations

Hands X-ray of patient IV-1 was normal. Electrocardiogram

and echocardiogram results were normal for four patients

that were submitted to these examinations within the last

6 months (Figure 1, patients III-2, III-15, IV-2 and IV-3). A

muscle biopsy was taken from biceps muscle from patient

IV-3, a 38-year-old male. It was cryoprotected and snap

frozen in liquid nitrogen. Routine histological and histo-

chemical analysis include staining for hematoxylin and

eosin (H&E), modified Gomori trichrome, SDH, NADH,

acid phosphatases, and ATPase at pH 9.4 and 4.315

Proteins analysis were performed through immunofluor-

escence (IF) and Western blot (WB) methodologies, as

previously described.16,17 The following antibodies were

used: dystrophin,18 sarcoglycans a, b, g and d,19 calpain-

3,20, dysferlin21 and telethonin.22

Microsatellite marker analysis

DNA was isolated from blood by standard methods. A total

of 400 microsatellite markers, spaced at 10-cM intervals,

from ABI PRISM linkage-mapping set version 2.5 (Applied

Biosystems) were amplified by polymerase chain reaction

(PCR), using standard protocols. Amplified markers were

submitted to the ABI 3700 DNA capillary sequencer and

were analyzed with GENESCAN and GENOTYPER software

(Applied Biosystems).

For the additional microsatellite markers required,

primer sequences, as well as distances were obtained from

NCBI databases (data access). Markers were amplified from

genomic DNA, according to methods specified by the

manufacturers. PCR products marked with 32P were

separated by size on polyacrylamide gels and viewed using

radioactivity films.

Linkage analysis

For initial linkage screening, genotyping of 12 family

members (seven affected and five unaffected) was carried

out. For each marker, we undertook visual comparison of

the genotype shared by affected and unaffected indivi-

duals. For missing parental marker data (individuals II-2

and II-6 with brackets, Figure 1), haplotypes were recon-

structed based on offspring genotypes.

Subsequently, genotyping of all family members and

linkage analysis was performed for each marker that

showed one allele shared by the affected individuals but

not by the unaffected ones. Two-point linkage analysis was

done using the program FASTLINK with these markers. We

assumed a susceptibility allele with frequency 0.0001, a

dominant mode of inheritance with complete penetrance

by the age of 50 years and equal allele frequencies.
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Table 1 Patients clinical and laboratory data

Patient Sex

Age at
ascertainment

(years)

Age at
onset (years),
and symtom

Disease
duration
(years) Clinical Data

Associated
disorders

Creatine
kinase

LL
weakness

UL
weakness Amyotrophy

Fingers/toes
flexion
limitation Mobility

III-15 M 37 30, LL weakness 7 Yes Yes Yes No Walks independently 8-fold above N
35, UL weakness

IV-3 M 38 34, LL weakness 4 Yes Yes Yes Yes Walks independently 7-fold above N
37, UL weakness

IV-2 M 39 38, LL weakness 1 Yes Yes Yes Yes Walks independently 3-fold above N
39, UL weakness

IV-1 M 42 34, LL weakness 8 Yes Yes Yes Yes Walks w/cane 3-fold above N
39, UL weakness

III-8 M 43 35, LL weakness 8 Yes Yes Yes Yes Walks independently 3-fold above N
36, UL weakness

III-12 M 47 34, muscular cramps 13 Yes Yes Yes Yes Walks w/cane DM II 7-fold above N
40, fingers stiffness
42, LL & UL weakness

III-7 F 49 39, LL weakness 10 Yes No No Yes Walks independently DM II normal
III-2 M 65 47, LL weakness 18 Yes Yes Yes Yes Walks w/cane DM II 9-fold above N

50, UL weakness
II-8 F 68 35, muscular cramps 33 Yes Yes Yes Yes Wheelchair-bound DM II normal

40, LL weakness
41, UL weakness

II-4 F 70 40, LL weakness 30 Yes Yes Yes Yes Walks w/cane DM II 1.5-fold above N
43, lower UL weakness

DM II¼diabetes mellitus, type II; LL¼ lower limbs; UL¼upper limbs; N¼normal.
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Results
CK levels and Biopsy

Serum creatine-kinase (CK) analyzed in 12 patients was

normal or slightly increased (up to 10-fold above upper

reference value) (Table 1).

Muscle biopsy showed fiber size variation with very

discrete perimyseal fibrosis, and several necrotic fibers with

rimmed vacuoles. Scattered groups of small atrophic

angulated fibers were also observed (Figure 4a). However,

a mosaic of type I/II fibers was detected in the ATPases

reactions (40%/60%), with no clear evidences of fiber type

grouping. The NADH reaction showed a conserved myofi-

brilar network.

Muscle protein immunohistochemical and Western blot

analyses revealed normal pattern for the following pro-

teins: dystrophin, sarcoglycans a, b, g and d, calpain3,

dysferlin and telethonin (Figure 4b and c). Some of the

vacuoles were clearly labeled with antibodies for sarcolem-

mal proteins, such as dystrophin and a-sarcoglycan
(Figure 4b), confirming the presence of sarcolemmal

membrane in the vacuoles.

A second muscle biopsy (from the index case) was

conducted elsewhere and disclosed a myopathic pattern.

Linkage

Initially, linkage analysis excluded the six known AD-

LGMD as candidate loci for the present family (data not

shown). A first whole genome scan was carried out for

seven affected members of this family. All of them were

found to share the same allele for marker D4S1534, not

found in the unaffected members of the family. Based on

these results, we also genotyped all the 21 family members

for additional microsatellite markers (Figure 1). Statistical

analysis provided strong evidence for linkage at 4p21 with

the maximal lod score of 6.62 at y¼0.00 for the marker

D4S2964. The results of the two-point linkage analysis with

these markers are given in Table 2.

Two recombination events were observed (individual II-8

and III-16), narrowing the candidate region to the

chromosomal region between D4S2947 and D4S2409

(Figure 1), spanning an interval of 9 cM (7Mb).

Discussion
Here we report a Brazilian-Caucasian family with a distinct

form of autosomal dominant LGMD associated with

progressive fingers and toes flexion limitation. The age at

the onset of muscular weakness varied from 30 to 47 years,

with no evidence of genetic anticipation. Both sexes were

affected with no significant difference in age at onset.

Serum creatine kinase levels ranged from normal to 10

times upper reference value. Clinical phenotype was quite

stereotyped but some variability was also recognized,

mostly regarding age at onset. Lower limbs were affected

in all patients and the upper limbs in nine of 10 who were

personally examined. Typical features of LGMD, as marked

proximal amyotrophy and abolished myotatic reflexes,

were constantly present in affected muscles. Five patients

older than 45 are also affected by DM II, a finding that is

probably fortuitous since three nonaffected patients older

Figure 2 Patient IV-1 showing proximal weakness in the
upper limbs (difficulty to raise up arms). Proximal weakness
is the main clinical feature observed in affected patients
from this family.

Figure 3 Maximum voluntarily achieved fingers flexion
(patient II-8).
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than 45 years are also diabetic. With exception of toes and

fingers flexion limitation, the clinical phenotype of this

new form of muscular dystrophy is similar to other known

forms of AD-LGMD. Early elbow and knee contractures are

observed in some forms of muscular dystrophy such as

Emery-Dreifuss,23 LGMD1B8 and LGMD2D,24 while distal

contractures are observed in some neuropathies such as

CMT25 and Bethlem myopathy.26 However, we are not

aware of any form of LGMD with progressive toes and

fingers flexion limitation that might be a distinct and

characteristic finding in this LGMD family. This observa-

tion, which should be further investigated, might suggest

that a gene also related to soft-tissue integrity could be

involved in this form of dystrophy.

Histological features revealed a predominantly myo-

pathic pattern, but with groups of small angulated fibers,

which might suggest some neurogenic involvement,

although no type grouping was observed. Anyhow, this

mixed myogenic/neurogenic pattern has been observed in

several other forms of LGMD, such as LGMD2A and 2B.27

The presence of many rimmed vacuoles was compatible

with the pattern observed in some forms of muscular

dystrophy such as LGMD2G28 and LGMD1A.29 Telethonin

was present in a normal sarcomeric distribution in the

muscle (Figure 4b), which does not allow to rule out;

however, a possible interaction between the protein

product of the LGMD1G gene and this sarcomeric protein.

On the other hand, the normal observed sarcolemmal

pattern for dystrophin and the sarcoglycan proteins

suggests no important role of this LGMD1G protein in

the organization and membrane maintenance of the DGC,

at least in the studied biopsy.

Some features such as rimmed vacuoles and distal

involvement might also suggest that the present disorder

should be assigned into the distal myopathy/HIBM group.

However, proximal weakness is the main clinical feature in

the patients from this family, which is more compatible

with LGMD. On the other hand, distal involvement is also

seen in other forms of LGMD such as dysferlinopathy,30

showing that a clear clinical classification is not always

possible.

A genetic genomewide linkage allowed us to map the

disease locus to a 7Mb region at 4p21. In silico analysis of

Figure 4 Muscle biopsy from patient IV 3. (a) Histological
analysis with H&E staining (X200), ATPase 9.4 (X100) and
NADH (X100). (b) Double immunohistochemical reaction
for dystrophin and a-SG (X400), dystrophin and g-SG
(X200), and telethonin (X400). (c) Multiplex Western blot
analysis for the N-terminal domain (N-ter) of dystrophin
(DYST), dysferlin (DYSF) and calpain 3 (CALP), and the C-
terminal domain dystrophin (C-ter), in a normal control (C)
and in the patient (P).
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this region showed the presence of a large number of genes.

From the 40 genes found in this region so far, 11 coded for

hypothetical proteins. Among the 29 known genes, eight

are expressed in muscle and might be good candidates for

LGMD1G.

Finally, patients with AD LGMD have a relatively mild

form of disease, with normal reproductive fitness. There-

fore, it is intriguing that the lack of strong selection

pressure did not make LGMD1 a common disorder. Why

then families with a clear AD pattern of inheritance are so

unfrequent?2 Several hypotheses might provide an expla-

nation for this observation such as: (a) A very limited

number of mutations would cause this mild and relatively

homogeneous LGMD1 phenotype. Supporting this obser-

vation, only missense mutations were found so far in the

myotilin, lamin A/C and caveolin-C genes, responsible

respectively for LGMD1A, 1B and 1C (data access). (b) The

same genes identified as responsible for mild forms of AD-

LGMD might be associated with other genetic conditions.

For example, two among the three identified AD LGMD

genes were found to also cause different disorders: lamin A/

C mutations, responsible for LGMD1B,9 have recently been

shown to also cause progeria31 and Charcot–Marie Tooth

(CMT),32 while the caveolin-C gene, responsible for

LGMD1C, also causes rippling disease.33 (c) If a mutation

causes a very mild and uniformly benign phenotype, this

family might not be recognized as affected and would not

be ascertained. (d) If a sequence change causes a severe

phenotype, this family might not be classified as AD since

affected patients would die before reproduction and would

remain as sporadic cases. (e) It is also possible that different

mutations in the same gene might result in strikingly

different phenotypes ranging from severe to almost no

clinical signs. This has been recently shown for the

fukutin-related protein gene where different mutations

may cause severe congenital muscular dystrophy while

asymptomatic carriers of pathogenic FKRP mutations on

both alleles have been identified in the other end of the

spectrum.34,35 So, it is highly recommended to check for

mild clinical symptoms or laboratory abnormalities in

unaffected family members of apparently isolated or

without a clear pattern of inheritance. The identification

of the gene responsible for LGMD1G as well as for the other

AD-LGMD might help answer some of these intriguing

questions.

Data access
NCBI databases – http://www. ncbi.nlm.nih.gov/
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