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Mild limb girdle muscular
dystrophy R9 phenotype
caused by novel compound
heterozygous FKRP gene
mutation
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Moléculaire, Centre de Biologie et Pathologie Est, Hospices Civils de Lyon, France; * Centre de
Pathologie et Neuropathologie Est, Hospices Civils de Lyon; Université Claude Bernard Lyon1,
Lyon, France

Fukutin-related protein (FKRP) mutations cause a broad spectrum of muscular dystrophies, from
a relatively mild limb-girdle muscular dystrophy type 9 (LGMDR9) to severe congenital muscular
dystrophy (CMD). This study aims to report two siblings belonging to a non-consanguineous Tuni-
sian family harboring a novel compound heterozygous FKRP variant and presenting a mild LGD-
MR9 phenotype. For mutation screening, massive parallel sequencing was performed, followed
by Sanger sequencing and multiplex ligation-dependent probe amplification (MLPA) to validate
the existence of the discovered variants. The absence of alpha-dystroglycan was determined by
immunohistochemistry. Brain and thigh magnetic resonance imaging (MRI) were performed to
detect thigh and brain abnormalities. The two siblings had a late age at onset and clinical exam-
ination showed that the pelvic girdles had a predominantly proximal and symmetrical distribution
of weakness without cardiac or respiratory involvement. They both had a modified Gardner-Med-
win Walton Scale mGMWS grade of 4 and a modified Rankin Scale (mRS) score of 1. The DNA
sequencing revealed a novel deletion of exons 2 and 3 in one allele and a missense mutation
¢.1364C > A, which has been reported to be responsible for congenital muscular dystrophy and
mental retardation on the second allele. The simultaneous presence of the two variations in the
two cases suggests that the variants segregate with the pathophysiology.
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Introduction

Fukutin-related protein (FKRP) is a ribitol 5-phosphate transferase implicated in the gly-
cosylation of alpha dystroglycan (a-DG), a crucial element of the dystrophin glycoprotein
complex (DGC) which serves to stabilize the sarcolemma in the muscle cell '. Mutations
in FKRP lead to the loss of muscle stability, yielding to a group of muscular disorders such
as Walker-Warburg syndrome (WWS), congenital muscular dystrophy type 1C (MDC1C),
muscle-eye-brain disease (MEB) and limb girdle muscular dystrophy type 9 (LGMDRY) 2.
LGMDR9 is described as the milder form of FKRP-related myopathy. It manifests between
early infancy and adulthood. The severity of LGMDR9 varies according to the phenotype,



Novel FKRP gene mutation

ranging from a Duchenne-like phenotyp e at an early age to a mild
phenotype with late onset or even an asymptomatic phenotype °. LG-
MDR9 patients are often characterized by muscle weakness affecting
the hips more than the shoulders, elevated creatine kinase (Ck) levels,
hypotonia and calves hypertrophy #. Furthermore, Severe restrictive
respiratory failure and dilated cardiomyopathy have been observed
in few LGDMR9 patients . To date, more than 100 distinct FKRP
mutations have been identified, among which 60 are responsible for
LGMDR9 3. In the present study, we report two Tunisian siblings from
a non-consanguineous family having a mild LGMDR9 phenotype and
carrying a novel heterozygous FKRP gene mutation: exon 2 and exon
3 deletion. We also report the involvement of the ¢.1364C > A variant
in this mild phenotype. This latter has reportedly been associated with
congenital muscular dystrophy associated with mental retardation and
central nervous system abnormalities in Tunisian patients ©.

Patients and methods

Clinical assessment

In this study, we report on two siblings from a non-consanguineous
south Tunisian family. A scale developed by the Medical Research
Council (MRC) was used to measure muscle strength 7. Disease se-
verity was determined using the Modified Gardner-Medwin Walton
Scale (m-GMWS) ¢ and the Modified Rankin Scale (mRS). For each
patient, two-minutes’ walk test (2MWT) ° and 4 stairs climb test
(4SC) " were performed to measure the functional ability. To assess
the cognitive function, Mini Mental State Examination (MMSE) ™ and
the Frontal Assessment Battery (FAB) "2 were performed to evaluate
the cognitive function.

The two siblings had a full evaluation of blood testing, including (Ck)
levels. They also had electroneuromyography (EMG), electrocardiog-
raphy (ECG), transthoracic echocardiography (TTE), and respiratory
functional exploration. (RFE).

Cerebral and thigh MRI were performed for the proband 1. For Ce-
rebral MRI, axial diffusion, axial flair, T1 and T2 weighted sequences
were performed. Magnetic resonance imaging (MRI) 1.5 Tesla was
performed with thigh slices. 3 millimeters thick slices were per-
formed in Axial and Coronal T1-weighted (Echo Time (TE)/Repetition
Time (TR): 11/640), T2 (TE/TR). 92.9/5900) and T2 Short -time inver-
sion recovery (STIR) (TE/TR: 40/3400).

Muscle biopsy and immunohistochemistry

After getting proband 1 permission, biopsies from the deltoid muscle
were taken under local anesthesia, then they were frozen at - 80°C.
Afterwards, frozen muscle biopsies underwent histological staining
such as hematoxylin phloxine saffron (HPS) and modifed Gomori tri-
chome.

Immunohistochemistry was performed on frozen sections of deltoid
muscle biopsy using the following antibodies: a- Dystroglycan (a-DG)
(sc-53987), dystrophin (sc-33697), utrophin (sc-33700).

DNA Extraction

After informed consent and following the manufacturer’s instructions,

genomic DNA was extracted from 0.2 mL of peripheral blood taken
from the patients and their parents using the “Qlagen QlAamp DNA
Blood Mini Kit”. Qubit 4.0 fluorometric (Thermo Fisher Scientific,
USA) was used to quantify the isolated DNA.

FKRP gene analysis

We performed massive parallel sequencing. The DNA Target Cap-
ture was done Using SeqCap EZ Choice (exons +/- 50 Pb). The
following genes were chosen for the gene panel: ANO5, CAPNS,
CAV3, DMD, DYSF, FKRP, SGCA, SGCG. Libraries constructions were
performed with Kapa Nimblegen technology. The samples were
subjected to paired-end sequencing using the lllumina (2150 bp)
NextSeq 500TM platform. The Bioinformatics analysis were per-
formed by the in-house nextflow pipeline of the Hospices Civils de
Lyon, which follows the recommendations furnished by the Broad In-
stitute. The sequences were aligned and compared to the human
reference genome (GRCh37/hg19). The Variants were filtered by their
occurrence (present in less than 3 patients of the run) in the exonic
regions and intron/exon junction. Sanger sequencing and Multiplex
Ligation-dependent Probe Amplification (MLPA) were employed in
order to verify the variants that could potentially be responsible for
the disease.

In Sanger bidirectional capillary sequencing followed PCR amplifica-
tion on ABI13500XM. We used the following primers for the ampli-
fication:

e FKRP-4F. TCTGCAGACCGCCCTTCGCG;

e FKRP-4R. GCGACATCCCTCCACCCCTC.

The produced sequences were compared to the human reference
genome (CRCh37/hg19) with the SeqScape v3 software (LifeTech-
nologies).

In MLPA, we used The P116 SGC SALSA kit from MRC Holland and
the data analysis was done using Coffalyser software.

Results

Clinical description

Proband 1

A 39-year-old man presented to our department with muscle weak-
ness that had been gradually progressing for 10 years, mainly affect-
ing the pelvic girdle but also affecting the shoulder and axial girdles.
The gait was acquired at the age of 1, without any problem in practic-
ing sport in childhood or adolescence. Currently, the gait is waddling,
climbing the stairs is limited to 4 stairs with rails and a weakness in
carrying heavy loads has been developed. Neurological examination
revealed a marked Gowers’ sign, a normal calf aspect and slight
hyperlordosis. In the upper limbs, there was no apparent deficit of
the triceps or bicipital or long supinator muscles. However, there was
a deficit in the deltoid muscle. According to the Medical Research
Council (MRC) manual muscle testing scale, his muscle strength was
3 in the deltoid muscle, 3 in the psoas muscle, 4 in the quadriceps,
and 4 in the tibial hamstring muscle. The gluteals, gluteus minimus,
gluteus medius and adductors strength was also 3. The neck flexors
and extensors were not involved, but there was an axial involvement
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Table . Clinical and paraclinical data of each patient.

Patient Proband 1 Proband 2
Gender M F
Age 39 44
Age at onset 27 29
Electroneuromyography Myogenic pattern | Myogenic pattern
Electrocardiography Normal Normal
RFE Normal Normal
TTE Normal Normal
CK 3615 4000
Modified Gardner Medwin Grade 4 Grade 4
Walton scale(mGMWS) Grade 1
Modified ranking scale (mRS) Grade 1
2 min walk distance (meter) | 143 121
4 stairs climb test (second) |16 18
Mini Mental State 30 30
Examination (MMSE)
Frontal assessement Battery | 18 18
(FAB)

CK: creatine phosphokinase, F: Female, M: Male, RFE: Respiratory
Functional Explorations, TTE: transthoracic echocardiography.

and difficulty in rising from a lying to a sitting posture without as-
sistance from the hands. All the reflexes were preserved except the
left patellar. (Clinical and paraclinacal data of the two probands are

summarized in (Tab. I).

Proband 2

A 44-year-old woman who has had a gait issue, recurrent falls, my-
algia and exertional fatigue for the last 14 years. She progressively
starts to develop running and climbing stairs difficulties, lower limbs
stiffness, frequent falls and difficulties in combing her hair. In addi-
tion, she mentioned swallowing disorders after ingesting solids. The
current physical exam revealed a waddling gait, a marked Gowers
sign, calves hypertrophy and lumbar hyperlordosis. All the reflexes
were present coupled with significant decrease in muscular strength
in the pelvic and scapular girdle’s muscles. Indeed, muscle strength
was 3 in sternocleidomastoid, deltoid, psoas, Gluteus and adductors.
For the two probands, cardiac and respiratory functions were normal.
In addition, MMSE and FAB tests scores were normal (Tab. |).

Muscle Biopsy and immunohistochemistry

The muscle biopsy of the proband 1 revealed fibers size inequality
with the coexistence of small atrophic fibers, rounded or angular,
dispersed randomly. Many segmented and vacuolated fibers coexist
side by side. A few regenerative fibers coexist with rare myophagic
necrotic fibers. There is no perivascular or intraparenchymal in-
flammatory infiltration (Fig. 1A). Goméri trichrome stain (Fig. 1B)
reveals many bordered vacuoles in the fibers. These latter have
larger diameter. Some sarcoplasms contain basophilic aggregates.
The Oxidative methods reveal a good expression of the mitochon-
drial respiratory chain enzymes (complex |, Il, and IV: NADH, SDH,
and COX, respectively). Immunohistochemistry shows and a nor-

o\ ) \i |

Figure 1. Histopathology and Immunohistochemical staining of deltoid muscle biopsy. (A) Hematoxilin phloxine saffron staining showing a great fibers
size variability with rounded atrophic fibers and hypertrophic fibers. Somme fibers are necrotic undergoing macrophagic resorption (arrow), other fibers
present rimmed vacuoles (asterix). (B) Gomori trichrome stain revealing the presence of rimmed vacuoles and segmentation of many fibers. Immuno-
histochemical reaction showing normal expression of utrophine (C) and dystrophin (D) and a total absence of a-DG (E). (F) positive control showing a
normal presence of a-DG in a muscle biopsy.
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mal expression of utrophine (Fig. 1C), dystrophin (Fig.1 D) and an
absence of a-DG expression (Fig.1 E) compared with a positive
control (Fig.1 F).

FKRP gene analysis

High-throughput sequencing analysis detected two heterozygous
variants in FKRP gene:
e one missense mutation: NM_024301.4 (FKRP). ¢.1364C > A
located in exon 4;
e deletion of exons 2 and 3: NM_ 024301.4 (FKRP): c.(-253+1_-
252-1)_(-40+1_-39-1).

CRCh37/hg19

Index case

ZCTG6TGCCCCTGCCCTTTGLEEGGCTTCGTGGCGCAGGC

e YA AN AN YOS Y

CTGGTGCCCCTGCCCTTTGMEGGCTTCGTGGCGCAGGC

CTGGTGCCCCTGCCCTTTOGHMEGGCTTCGOGTGGCGCAGGC

smertostn) VY MY YN AN M WA OO

Figure 2. Sanger electropherogram of the proband 1, the proband 2 and
the mother samples shows the substitution of cystosine by adnenin in
a heterozygous form at the position 1369. The electropherogram of the
father sample shows the absenc e of this substitution and the presence
of cytosine in @ homozygous form at the position 1369.

€.1364C > A mutation (ALA455ASP)

Sanger sequencing confirmed the presence of this variant in the
two probands and their mother in a heterozygous state. However,
in the father sample, we noted the absence of this missense mu-
tation (Fig. 2) supplementary figures). ALA455ASP is located in the
catalytic domain (C-terminal domain) of FKRP. This mutation mod-
ifies the protein’s conformation, catalytic activity, and recognition
sites for a-DG °.

Exon 2 and exon 3 deletion

MLPA analysis revealed the reduction of signal for the FKRP2 and
FKRP3 probes (exons 2 and 3 probes) in the probands samples and
the father sample. This was confirmed in the ratio chart and the data
table generated by coffalyser software (Fig. 3 and Fig. 4 in supple-
mentary figures). In these subjects samples, the ratio (or dosage quo-
tient) was below 0.7 and close to 0.5 which stand for a heterozygous
deletion of the exon 2 and 3. In the mother sample, no reduced signal
in exon 2 and exon 3 probes was noted. The ratio was approximately
1 which is interpreted as a normal copy number.

Cerebral and thigh MRI

Proband 1 thigh MRI indicated amyotrophy with fatty degeneration
of all the thigh muscles that mostly affected the hamstring muscles
(Fig. 5A). No hypoplasia or cerebellar cysts was noted in T1 sagittal
and T2 axial cerebral MRI (Fig. 5B and C). However, we noted the
presence of a mega cisterna magna.

Ratio ..

°
w

$313333¢8323

FifEIELEES

Figure 3. Ratio chart produced using MLPA analysis software Coffalyser.net. A probe ratio below 0.7 indicates a heterozygous deletion,whereas a ratio
of 1 indicates a normal copy number. The ratio chart of the proband 1 (A), the proband 2 (B) and the father (C) shows 2 consecutive data points (shown
in yellow) below the 0.7 ratio mark, indicating the deletion of the two exons 2 and 3 in these samples. (D) Ratio chart of the mother sample showing the
absence of data point below 0.7 ratio mark which indicates the absence of the deletion of exon 2 and 3.
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Figure 4. Ratio values of the proband 1 sample (A, proband 2 sample (B), the father sample (C) and the mother sample (D) generated by coffalyser

software.

Figure 5. Proband 1 cerebral and thigh MRI.

(A) Axial T1 weighted thigh
MRI. (B) Axial T2-weighted sequences of brain MRI (C) Sagittal T1 weight-
ed brain MRI.

Discussion

Mutations in the FKRP have been linked to a wide range of muscular
dystrophy, ranging from a severe congenital form (MDC1C) *® to a
considerably mild LGMDR9 phenotype ™. Driss et al. were the first
to identify and describe LGMDR9 in a large consanguineous Tunisian
family 16, Moreover, ¢.1364C > A (ALA455ASP) variant in FKRP has
also been described for the first time in a Tunisian family ©,

The ¢.1364C > A variant has been reported to be responsible of CMD
associated with central nervous system abnormalities and mental re-
tardation In Tunisian patients ¢ and Moroccan patients '8, Patients
who had this variant in homozygous state were severely affected.
They had dysphagia, severe facial weakness, severe restrictive respi-

110

ratory insufficiency, macroglossia, associated with cerebral cysts and
hypoplasia®. In this study, we report the involvement of this variant in
a mild LGMDR9 phenotype.

The second DNA mutation identified in the other allele is a novel
deletion of exon 2 and 3. To the best of our knowledge, no CNV
of this gene has been reported in the literature. The consequences
of this deletion are impossible to predict because these exons are
not coding (5°UTR) and the coding region is restricted to exon 4 1.
These areas most likely include transcription factor binding sites and
5’ UTR mutations can regulate transcript levels and mRNA translation
rates by generating DNA binding sites or RNA-based cis-regulatory
motifs 2, Moreover, numerous studies showed that 5’'UTR mutations
leads to numerous diseases by perturbing uORFs and reducing pro-
tein abundance -,

Additionally, the presence of the two variants in the two patients
demonstrates that the variants segregate with the pathology, which
is another argument in favor of their causality. We also speculate that
this novel CNV variant in FKRP is responsible for a milder phenotype.
In this study, we confirmed the presence of the novel variant by ML-
PA. This confirms the value of the MLPA technique in the diagno-
sis of neuromuscular disorders and supports previous research on
the subject. The first known application of MLPA in the analysis of
Duchenne muscular dystrophy (DMD) dates back to 2005 ?. Since
then, MLPA has been increasingly utilized globally to screen for dys-
trophin gene deletion or duplication in both male patients and fe-
male carriers 2?7, Afterwards, it was shown that MLPA is a fast
and reliable method for identifying copy number changes in sar-
coglycanopathies 2. Our findings are consistent with these studies
and demonstrate that MLPA is a practical, efficient and affordable
method for screening large deletions and duplications in LGMD2
frequent genes.

In the two siblings, the age at onset was close to what has been
reported in LGMDR9 patients with late onset *%°. In addition, the dis-
tribution of weakness was mainly proximal and symmetrical in the
pelvic girdles, which is consistent with what has been reported in
LGMDR9 phenotype in the literature**.LGMDR9 patients are com-
monly characterized by calf hypertrophy which is observed in pro-
band 2 243!, However, the proband 1 had a normal calf aspect which
is also reported in this phenotype %22,

The Proband 2 in our study had dysphagia, which is a very rare
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feature of autosomal recessive LGMD, even in its advanced stages,
according to Argov et al. *. Despite, in the same study, Arkov et al.
mentioned exceptionally the presence of dysphagia in FKRP related
LGMDR9 and LGMDR5-y - sarcoglycan-related.

Dilated cardiomyopathy and severe restrictive respiratory insufficiency
have been reported in some Caucasian patients with LGMDR9 343,
In Margeta et al. study, Cardiac pathology has even exceeded skeletal
muscular pathology *. Additionally, ¢.1364C > A variant has been asso-
ciated with a higher risk of developing cardiac problems . This was not
observed in our patients and their actual ECG, RFE and TTE are normal.
For the two probands, we performed 2MWT to measure the func-
tional capacity and walking ability. According to the literature,
many factors can influence the walking distance of each person
(it depends on the age, gender, height and weight) ¥. Based on
the meta analysis reported by Bohannon et al., the normative value of
the walking distance performed by men in the age range between 30
and 39 is 202 m and by women in the age range between 40 and 49
is 180 m %, In our study the distance performed by the two probands
in these two age ranges were lower than the normative values which
is explained by motor deficit and muscle weakness in lower limbs.
Brain MRI abnormalities are common in patients with FKRP associat-
ed muscular dystrophy presenting at birth or in early childhood '”. Re-
ferring to the literature, patients harboring homozygous ¢.1364C > A
(ALA455ASP) mutation had significant hypoplasia and cerebellar
cysts ®'7. In proband 1 in our study, no hypoplasia and or cerebellar
cysts has been noted. Moreover, previous study showed homozygous
¢€.1364C > A variant and other homozygous FKRP gene mutations
were associated with mental retardation in Turkish and Tunisan pa-
tients ©'7. In our study the two patients harboring the ¢.1364C > A
variant in heterozygous compound form had a normal cognitive func-
tions confirmed by MMSE and FAB tests.

Conclusions

We suggest that the novel deletion of exon 2 and 3 can be included
in the repertoire of variants in FKRP associated with LGMDR9. Our
findings support the theory that the severity in the clinical course of
LGMDR9 in compound heterozygous individuals is mostly determined
by the second pathogenic mutation.
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