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Complete skipping of exon 66 due to novel mutations of the
dystrophin gene was identified in two Japanese families of Duchenne
muscular dystrophy with severe mental retardation
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1. Introduction

Duchenne and Becker muscular dystrophies (DMD and BMD, respectiveiy), X-
tinked recessive disorders charactetized by progressive muscle degeneration. DMD/BMD
are caused by mutations in the d.ystrophin gene, which encode the dystrophin protein. The
cysteine-rich domain of dystrophin has several features: establishing a dystrophin-
dystroglycan complex, maintains an EF calcium binding motif that has been attracting
much attention as neuronal calcium sensor protein, and has tyrosine phosphorylation
motif that seems to function in signal transduction. Exon 66, which encodes EF calcium
binding motif and a tyrosine phosphorylation motif, is used in several dystrophin
isoforms.

DMD is complicated with mental retardation in one third of patients. Mental
retardation in DMD is the result of gene mutation, not the consequence of the physical
handicap. Point mutations that produce a premature stop codon in G-dystrophin transeript
bave association with mild mental retardation. A certain group of DMD patients have the
complication of very severe méntal retardation. No molecular approach has been
conducted to elucidate an association of very sevére mental retardation and DMD.

We found that the same event of exon 66 skipping, due to different point
mutations at the splice donor site of intron 66 of the dystrophin gene, co-segregated with

very severe mental retardation complicated to DMD in two Japanese families.

2. Case and methods
2.1. Case SF:

Case SF is a 6-year-old Japanese boy. Mental retardation was noted at the age of 2
years, and was so severe that its actual value could not be assessed. Case SA was
diagnosed as DMD with severe mental retardation. His DQ was 3,8:

2.2. Case S4:

Case SA is a 20-year-old Japanese boy. He was diagnoséd as mentally retarded at:

the age of 18 months. Case SA was diagnosed as DMD with severe mental retardation.

The patient IQ was nine.

2.3. Methods.

2.3.1. Analysis of genomic DNA

DNA samples extracted from whole blood were used for southern blot and PCR
amplification. Exon 66 of th_é dystrophin gene was amplified by PCR and directly
sequenced.

2.3.2. Analysis of dystrophin eDNA

Total RNA was extracted from lymphocytes and skeletal muscle, and cDNA was

prepared. A fragment encompassing exon 64-68 was amplified by PCR. For sequencing,

fragment of exon 64-68 was subcloned into pT7 blue T vector.

3. Results .

To find molecular background of DMD, we try to identify a mutation of the
dystrophin gene in case SF. An aberrant fragment was amplified from both lymphocyte
and muscle cDNA in the region encompassing exons from 64-68. It was approximately
500 bp, whereas the normal control size was 583bp. No other bands were visible in
agarose gel. ' .

The aberrant product was sequenced and it was disclosed that the 3° end of exon
65 sequence was joined directly to the 5° end of exon 67, and exon 66 was completely
absent from the amplified product. The absence of 85 bp of exon 66 causes a translational
reading frame-sixift with a termination codon (TGA) appearing 38 bp downstream for the
exon 67 border. ‘

The exon 66 region was amplified from genomic DNA, and sequence analysis of
the product revealed that the 5" nucleotide downstream from the 5 end of intron 66 was
mutated from G to T (G9857°T). A known (9857*°C/T) polymorphism was also
identified. The mutation located in the consensus splice site sequence and decreased the
Shapiro and Senapathy score from 87 to 72, resulting in complete skipping of exon 66,
The (G9857*T) mutation created a new restriction enzyme recognition site for TspS091.
Tsp509] restriction enzyme was used to screen 20 normal Japanese females for control.
None of the control has the same mutation as case SF. A

Using the hypothesis that exon 66 skipping is an epigenetic factor for very severe

mental retardation in DMD, exon 66 skipping was looked for in a DMD case with severe
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mental retardation who had no identified mutation in the dystrophin gene. We found one
case (Case SA) has the complete absence of exon 66 from the dystrophin ¢cDNA. Further
study on case SA revealed that the 2" nucleotide downstream from the 5° end of intron
66 was mutated from invariant T to C (9857T* to C). We concluded that mutation
located in the residﬁe, which is conserved at all introns, is the cause of the complete exon
66 skipping in case SA. In case SA, a CT scan of the brain revealed slight frontal brain
atrophy, and a MRI of the brain disclosed atrophy of the frontal lobe and marked
pachygyria. .

4. Discussion L

Among hundred DMD/BMD cases we previously reported, oﬁly one DMD case
who had a deletion mutation spreading from 5° to 3' ends of the dystrophin gene showed
very severe mental retardation. In this report, we have identified another two DMD cases
complicated by severe mental retardation. Both had a common molecular background of
exon 66 skipping, although induces by different genomic mutations of G9857"T and
T9857% C. | :

Very severe mental retardation is a rare complication of DMD. In our two
families, a very severe mental retardation was recognized only in DMD cases and co-
segregated with. DMD. It suggested that exon 66 skipping is one of the factors causing
development of very severe mental retardation of DMD.

The 28 amino acid encoded by exon 66 form an EF calcium-binding motif, The
EF calcium-binding motif has been identified in many proteins and is considered to be
critical for calcium regulation of cell function, especially in neuronal calcium sensor
protein. A tyrosine kinase phosphorylation motif is identified to be present in 28 amino
acids encode by exon 66. KAHLEDKY, in which the last Y at 3215 would be
phosphorylated, is the only tyrosine phosphorylation motif in the whole dystrophin
sequencé. Protein tyrosine phosphorylation has a central role in integrin-initiated cell
signaling. These suggest that the exon 66 encoded region is especially important in
cellular signaling.

Our results are the first to associate exon 66 skipping with severe mental

retardation.
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Complete skipping of exon 66 due to novel mutations of the.
dystrophin gene was identified in two Japanese families of

Duchenne muscular dystrophy with severe mental retardation
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