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Somatic mosaicism due to a reversion variant causing
hemi-atrophy: a novel variant of dystrophinopathy

Jaya Punethal*2, Simin Mansoor?, Tulio E Bertorini®, Akanchha Kesari2, Kristy J Brown? and

Eric P Hoffman*12

We describe a case of hemi-atrophy in a young adult male, with a positive family history of three maternal uncles with Duchenne
muscular dystrophy (DMD). The patient showed progressive weakness localized to the left side, an abnormal electromyography,
and creatine kinase levels > 3000 IU/I. Muscle biopsy showed both dystrophin-positive and -negative myofibers. An out-of-frame
duplication variant in DMD, that is, c.(93+1_94-1)_(649+1_650-1)dup(p.?) resulting in duplication of exons 3-7 was inherited,
but the muscle biopsy showed dystrophin mRNA with and without the duplication. Dystrophin quantification using mass
spectrometry showed 25% normal dystrophin protein levels in the muscle biopsy from the stronger right side. Sex chromosome
aneuploidy was ruled out. We conclude that the patient inherited the duplication variant, but early in development an inner cell
mass underwent a somatic recombination event removing the duplication and restoring dystrophin expression. To our knowledge,
this is the first report of a reversion leading to somatic mosaicism in DMD.
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INTRODUCTION
Duchenne muscular dystrophy (DMD; MIM#310200) is a severe
X-linked recessive disease characterized by progessive muscular
degeneration. It is caused due to out-of-frame mutations in the
DMD gene encoding for dystrophin protein, whereas in-frame
mutations result in a milder Becker’s muscular dystrophy
phenotype.b? Small areas of isolated somatic revertant fibers (ie,
dystrophin-positive fibers) in muscle of DMD patients as well as in
mouse models have been observed.>™ In rare cases, somatic
mosaicism has been observed for DMD, with patients presenting
with cardiomyopathy and further molecular studies detect
dystrophin-positive and dystrophin-negative cells.®’

Here we report what we believe is the first case of somatic
mosaicism due to a reversion variant, leading to a hemi-atrophy
phenotype in a patient with a family history of DMD.

CASE REPORT

The proband presented with hemi-atrophy and weakness, largely
limited to the left side (Figure 1la). Electromyography was
consistent with a dystrophic myopathy, as were creatine kinase
levels (>3000 IU/l; n<200IU/l). Cytogenetic analyses were nor-
mal. Molecular testing was performed by quantitative dosage
analysis of genomic DNA by a standardized test offered by Athena
diagnostics (Marlborough, MA, USA). This test showed presence of
a duplication ¢.(93+1_94-1)_(649+1_650-1)dup(p.?) in the DMD
gene (NM_004006.2), with a dystrophinopathy phenotype pre-
dicted. As the duplication break points remain uncharacterized, the
exon DNA change is represented as 2i_7i, and the RNA change
results in duplication of exons 3-7, duplication of exons 3-7 is

predicted to cause an out-of-frame mutation usually associated
with DMD.

A muscle biopsy was taken from the stronger right deltoid when the
patient was 22 years, and dystrophin immunostaining of cryosections
showed a mosaic pattern with populations of both dystrophin-positive
and -negative myofibers (Figure 1b). This pattern is typically seen with
female carriers of DMD,? however, the proband was male. Histo-
pathology showed a remarkably variable dystrophic myopathy, with
some regions showing normal histology, and others a marked
dystrophic picture by both hematoxylin eosin and Gomori’s-modified
trichome methods (Figure 1c¢).

Family history was reported by the patient as positive for severe
muscular dystrophy, with three maternal uncles with clinical pictures
consistent with DMD (Figure 2). The maternal uncles died at 21, 24,
and 34 years of age.

As the proband showed an asymmetric clinical picture and positive
family history, we hypothesized that a somatic reversion event early
during the patient’s development may have corrected the exon 3-7
DMD duplication in a subset of myogenic cells.

METHODS

Proband was recruited under protocol 2405 approved by the Office for
the Protection of Human Subjects at Children’s National Medical
Center, Washington, DC, USA. Details of the duplication variant
identified have been uploaded to the Leiden open variation database:
http://www.LOVD.nl/DMD (patient ID #0033321).

Total RNA was extracted from muscle biopsy and converted to
cDNA using a protocol described earlier.’ RT-PCR primers
(Supplementary Table 1) were designed using Primer3 software!®
with NM_004006.2 as reference sequence; exon numbering was
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Figure 1 Hemi-atrophy in a young adult associated with somatic mosaicism for dystrophin in muscle biopsy. (a) Marked muscle wasting and weakness is
seen restricted to the left side. (b) Dystrophin immunostaining shows normal patterns at myofiber membranes in normal control, and mosaic patterns of
dystrophin-positive and -negative fibers in the proband. (c) Histopathology of the proband by hematoxylin and eosin staining (left), and Gomori trichrome
(right) shows myofiber size variation, variable endomysial fibrosis, hypercontracted fibers and central nuclei, consistent with a dystrophic myopathy. The full
colour version of this figure is available at European Journal of Human Genetics online.

>
Figure 3 mRNA studies of proband muscle show loss of familial duplication mutation in dystrophin transcript. (@) RT-PCR primer sets were designed to cover
regions present within or outside of the exon 3-7 duplication. Primer sets 1.1 and 1.2 cover DMD exons 1-8. Primer set 2 is specific for the duplicated region
with exon 5F as forward primer and exon 4R as reverse primer. (b) Agarose gel image showing RT-PCR products from primer sets using cDNA from two normal
samples (Nml) and proband (Pr). Primer sets 1.1 and 1.2 cover DMD exons 1-8 with expected sizes of 851 and 767 bp, respectively. The proband shows both
a normal band (Ex1-8) similar to the normal samples, as well as presence of a larger duplicated transcript (Ex1-8dup) with sizes of 1405 and 1321 bp for the
primer sets, as expected. Set 2 duplication-specific RT-PCR primers detected the duplicated mRNA transcript in the proband only (DupEx5-4) with an expected
size of 460 bp, which was observed. All bands were sequenced and confirmed predicted exonic structures. Faint bands seen in normal controls with the
DupEx5-4 primers were also Sanger sequenced and did not align to the duplication-specific PCR region (non-specific products). (c) Quantification of dystrophin
protein in proband muscle (top panel) and normal control (bottom panel). Five peptides were quantified and averaged (single-peptide exemplar shown). The
proband dystrophin level was quantified at ~25.7% of normal.The full colour version of this figure is available at European Journal of Human Genetics online.
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Figure 2 Pedigree showing three maternal uncles affected with severe
muscular dystrophy. Proband shows a mild dystrophinopathy phenotype.
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based on NG_012232.1 and White et al.!! RT-PCR was carried out
using Accuprime Super Mix II (Life Technologies, Carlsbad, CA,
USA). RT-PCR products were run on an agarose gel and extracted,
purified using QIAquick gel extraction kit (Qiagen, Germantown,
MD, USA) and sequenced. Dystrophin quantification using a stable
isotope standard and mass spectrometry was performed on the
muscle biopsy as described previously.'?

RESULTS
RT-PCR primer sets were designed to determine the structure of the
dystrophin mRNA in the proband’s muscle tissue vs normal controls
(Figure 3a). As the proband’s DNA duplication variant involved exons 3—
7, RT-PCR primers designed in exons 1 and 8 were predicted to amplify
both the normal dystrophin transcript as well as the duplicated
transcript. As expected, two normal controls showed the expected
dystrophin transcript using two different exon 1 primers, with a shared
exon 8 primer (851 and 767 bp; Figure 3b). The proband showed two
bands, corresponding to both the normal transcript, as well as a novel
band corresponding to the duplication (1405 and 1321 bp; Figure 3b).
To confirm the structure of the proband’s mRNA containing the
duplication predicted by the DNA variant data, a forward primer was
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used for exon 5 and reverse primer for exon 4: this would be predicted
to only amplify across the novel duplication break point (Figure 3;
set 2). As expected, a 460-bp RT-PCR product was seen in the
proband, but not normal controls. Sequence analysis of each RT-PCR
band confirmed the predicted exonic arrangements. This data
indicated that the patient was producing two distinct dystrophin
mRNA transcripts; one normal transcript and one duplicated tran-
script. The most likely event was a somatic recombination event early
in development, leading to reversal (reversion) of the duplication and
somatic mosaicism for normal and DMD myofibers.

Proband dystrophin levels in the stronger right side muscle biopsy
were quantified at ~25.7% of normal levels using a mass spectrometry
assay (Figure 3c).

DISCUSSION
We report the first case of a reversion of a familial DMD variant,
leading to somatic mosaicism and a hemi-atrophy phenotype. Our lab
previously reported somatic mosaic dystrophinopathy in an isolated
case of exertional heart failure (cardiomyopathy), where a de novo
mutation occurred during early development lead to a mixture of
normal and mutant cells.® The cardiomyopathy patient showed
high levels of dystrophin-positive cells in muscle, and did not show
significant muscle symptoms. About half of DMD patient muscle
biopsies show somatic revertant myofibers, where rare somatic
mutations lead to rare (<1%) dystrophin-positive myofibers in
otherwise dystrophin-negative muscle.>* In the case presented here,
a reversion event likely happened very early in the development of the
myogenic lineage, where the inherited duplication was lost, reverting
to the normal sequence. Through subsequent embryonic development,
the right side of the patient showed ~25% dystrophin-positive cells
precluding most symptoms; whereas the left side likely showed a much
lower percentage of dystrophin-positive myofibers (an additional
biopsy from the affected side was not possible). RT-PCR, sequencing
and quantitative dystrophin protein analyses confirmed this model.
An alternative model of Klinefelter’s syndrome (XXY carrier state for
DMD with X-inactivation) was ruled out by cytogenetic studies.
Reverse somatic mosaics in other monogenic diseases have been
seen when there is a selection bias for revertant (normal) cells, such as
in blood disorders with clonal expansion of cell subsets in the bone
marrow.!> However, reversions of monogenic disorders are otherwise
rare.'®1> The nature of the patient’s duplication variant facilitated
reversion with homologous recombination leading to loss of the
duplication early in development.
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