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Purpose: Duchenne muscular dystrophy (DMD) and Becker muscular dystrophy (BMD) are similar genetic disorders whose pat-
terns of mutation and disease phenotypes might be expected to show differences among different countries. We analyzed multi-
plex ligation-dependent probe amplification (MLPA) data in a large number of Korean patients with DMD/BMD.

Materials and Methods: We obtained 130 positive MLPA results (86 DMD, 27 BMD, and 17 female carriers) from 272 candidates
(237 clinically suspected patients and 35 possible female carriers) who took part in this study. We analyzed the mutation patterns
among 113 patients diagnosed by MLPA and calculated deletion/duplication percentages from a total of 128 patients, including
15 patients who were diagnosed using methods other than MLPA. We also analyzed hot spot locations among the 130 MLPA-pos-
itive results.

Results: Most mutations were detected in a central hot spot region between exons 44 and 55 (80 samples, 60.6%). Unlike previous
reports, a second frequently observed hot spot near the 5’-end was not distinctive. MLPA detected deletions in specific exons in
92 patients with DMD/BMD (71.8%) and duplications in 21 patients (16.4%).

Conclusion: Our MLPA study of a large number of Korean patients with DMD/BMD identified the most frequent mutation hot

spot, as well as a unique hot spot pattern. DMD gene mutation patterns do not appear to show significant ethnic differences.
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INTRODUCTION

Duchenne muscular dystrophy (DMD) is an X-linked reces-
sive disorder, resulting from mutations at locus Xp21.2 in the
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DMD gene, that affects approximately one in 3500-5000 live-
born males.' Becker muscular dystrophy (BMD) is also caused
by mutations in the same gene locus, but can be distinguished
from DMD by its different phenotypic expression, which in-
cludes delayed onset, slow progression, and prolonged surviv-
al. DMD gene mutations lead to a deficiency of dystrophin, a
protein that stabilizes the extracellular matrix and cytoskele-
ton. The cell membrane destabilization resulting from the loss
of dystrophin causes myofiber necrosis and progressive mus-
cle weakness.? As a consequence, the early symptoms of DMD
are usually related to limb muscle weakness, leading to de-
layed onset of walking, toe walking, and waddling gait. Pa-
tients with DMD inevitably experience progressive muscle
weakness, becoming non-ambulatory in the second decade
of life and eventually requiring respiratory support. Currently,
with intensive respiratory care, many patients with DMD can
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live into their late 20s and beyond.® Moreover, corticosteroid
therapy and better supportive cardiopulmonary care has led
to improved survival in patients with DMD, according to a re-
port published by Moxley, et al.* in 2010.

The DMD gene, which comprises 79 exons, is the largest
gene described in humans and encodes a 14-kb messenger RNA
that transcribes dystrophin protein.>® Among all patients with
DMD/BMD, DMD gene exon deletion affects 60-65% of pa-
tients, whereas exon duplication affects 5-15%. Small muta-
tions, pure intronic deletions, and exonic insertions of repeti-
tive sequences affect the remaining 20-35% of patients.® Two
“hot spot” deletion regions have been identified near the 5’-end
of the DMD gene and in the central region around exons 44-
55.%!! Conversely, duplications can occur almost anywhere in
the gene.'* ™

Accurate genetic diagnosis of DMD/BMD is important, and
the obtained genetic information may help clinicians provide
appropriate and reliable genetic counseling, prenatal diagno-
sis, and gene therapy for those at risk. Among the many meth-
ods applied for mutation detection, multiplex ligation-depen-
dent probe amplification (MLPA), which allows multiplex copy
number quantification of specific target sequences, has been
reported to be a simple, rapid, and reliable tool for the detec-
tion of deletions and duplications in the DMD gene.">'® Many
studies have used MLPA techniques to define DMD mutation
patterns at the exon level in different populations.'”"® As DMD/
BMD is a genetic disorder, we expected to observe differences
in the genetic data with regard to geographic location or race.
However, we found that genetic analysis of the DMD gene has
rarely been reported in Korea; notably, a single study, based
mainly on MLPA data and involving a small number of sub-
jects, was reported by Lee, et al.* in 2012.

In this report, we describe a retrospective MLPA-based ge-
netic analysis of the DMD gene in 113 Korean patients (86 and
27 patients with DMD and BMD, respectively) and 17 female
carriers. We analyzed mutation patterns and hot spot locations
of the MLPA-positive results and compared them with results
reported from other countries.

MATERIALS AND METHODS

Subjects

We collected retrospective data from 237 subjects with clini-
cally suspected BMD/DMD and from 35 female carriers who
had participated in an MLPA study at a university hospital be-
tween July 2006 and February 2015. Subjects were primarily
diagnosed based on typical clinical presentation (e.g., progres-
sive symmetric muscular weakness, calf hypertrophy, wheel-
chair dependency before the age of 13 for DMD or 16 for BMD,
a creatinine kinase level of more than 10 fold above the nor-
mal range, and/or a positive family history compatible with X-
linked inheritance).
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Subjects with negative results in the MLPA study were tested
by other methods (muscle immunohistochemistry or poly-
merase chain reaction) to confirm the diagnosis of DMD/BMD.
Data from subjects with positive results in the MLPA study
were included in the analysis of the proportion of deletions/du-
plications and mutation hot spots. Each proportion was cal-
culated using the total number of patients with DMD/BMD, ir-
respective of MLPA positivity. This study was approved by the
Institutional Review Board (IRB no. 3-2016-0140).

Multiplex ligation-dependent probe amplification
MLPA reactions were performed using the SALSA MLPA probe
sets P034 and P035 (MRC-Holland, Amsterdam, the Nether-
lands).*! Ligation and amplification were performed on a
C1000 Thermal Cycler (Thermo Fisher Scientific, Waltham,
MA, USA). All amplified fragments were separated using an
ABI 3500DX Genetic Analyzer (Applied Biosystems, Foster
City, CA, USA). Using GeneMarker software v.1.8 (SoftGenet-
ics, State College, PA, USA), fragments for each exon from the
subjects were depicted as single lines or “peaks.” The peak
quantity for each exon was compared with that of normal con-
trols and expressed as a “peak ratio” Exons with a peak ratio be-
tween 0.75 and 1.25 were considered to be in the normal range.
Exons with a peak ratio below 0.75 were considered to be de-
leted, whereas exons with a peak ratio over 1.25 were consid-
ered to be duplicated. MLPA results showing either deletion
or duplication of specific exons were defined as positive.

Direct sequencing to confirm single-exon deletions
The subjects’ MLPA results were initially scanned to identify
deletions and duplications. However, probe dysfunction, in-
cluding ligation problems, can mimic exon deletion, as it pres-
ents as reduced or absent peaks. To distinguish true deletions
from probe dysfunction, further direct sequencing was per-
formed for all results thought to represent single exon dele-
tion. Where further small mutations were detected from the
direct sequencing, although rare, we defined them separately
from the positive MLPA results, since the true mutations were
not detected by the MLPA analysis.

RESULTS

Clinical characteristics

Among the 272 subjects who participated in the MLPA study,
130 showed positive results. Of these, 86 were compatible with
DMD, 27 were compatible with BMD, and 17 were female car-
riers. Two patients were diagnosed with DMD after the detec-
tion of point mutations during further DNA sequencing. Among
the 140 subjects with negative MLPA results, an additional 9
patients with DMD and four with BMD were diagnosed by
muscle immunohistochemistry. In other words, we confirmed
97 patients with DMD and 31 patients with BMD in total. Of the
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remaining patients, 109 male subjects were later diagnosed
with other neuromuscular diseases, and among them, 16 pa-
tients had unspecified myopathy. Thirty-five female subjects
had taken part in the MLPA study and 17 were found to be ML-
PA-positive female carriers (Fig. 1). The mean age of the 113
MLPA-positive patients at the time of genetic testing was 18.6+
8.6 years for patients with DMD and 23.6+10.1 years for those
with BMD. The MLPA-positive female subjects varied in age
and were either related to patients with DMD or were symptom-
atic. Four out of 17 MLPA-positive female carriers were symp-
tomatic.

MLPA mutation pattern and hot spot analysis

Analysis of the DMD gene mutations included both MLPA and
direct DNA sequencing results. Among the 128 patients con-
firmed either by MLPA or other diagnostic tools, MLPA detect-
ed deletions in specific exons in 92 patients (71.8%) and dupli-
cations in 21 patients (16.4%). Among the 97 subjects diagnosed
with DMD, 71 showed deletions (71/97, 73.2%), and 15 showed
duplications (15/97, 15.4%) in the DMD gene. Of the 31 sub-
jects diagnosed with BMD, 21 showed deletions (21/31, 67.7%)
and six showed duplications (6/31, 19.4%) in the DMD gene.
In addition, 11 and six female carriers showed exon deletions
and duplications, respectively, in the DMD gene (Fig. 1).

Each deletion or duplication was plotted, as shown in Fig. 2,
and the cumulative number of subjects with deletions or du-
plications within each exon was also plotted, as shown in Fig. 3.
Most deletions in patients with DMD/BMD were observed in
the central hot spot region between exons 44 and 55 (60.6%)
(Figs. 2 and 3). A second previously reported frequent-deletion
hotspot region towards the 5’-end was not distinguishable in
our results. Duplication events tended to be scattered evenly
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throughout the entire exon region, and accordingly, no clear
central or proximal hot spot region was distinguishable (Fig.
3). Among the 71 DMD patients with exon deletions identified
by MLPA, the most common identical deletion was observed
in exons 49-50 (7/71, 9.9%), followed by exons 46-47 (5/71,
7.0%), exon 45 (5/71, 7.0%), and exon 51 (5/71, 7.0%). Among
21 BMD patients with exon-deletion MLPA results, the most
common deletions were observed in exons 45-47 (7/21, 33.3%),
and exons 45-48 (4/21, 19.0%) (Fig. 2).

Further DNA sequencing and point mutations

Among the subjects with MLPA results indicating lower quan-
tity single DMD peaks, who underwent further DNA sequenc-
ing, two were found to harbor point mutations (c.4729C>T,
p.Argl577Ter and c.8800G>T, p.Glu2934Ter). The point muta-
tion ¢.8800G>T, p.Glu2934Ter was found to be a novel non-
sense mutation.

DISCUSSION

This study retrospectively evaluated 113 subjects with DMD/
BMD and 17 female carriers with positive MLPA results and
identified additional patients with DMD/BMD by DNA se-
quencing or muscle immunohistochemistry. Among 128 pa-
tients diagnosed by either MLPA or other diagnostic methods,
MLPA detected 92 (71.8%) and 21 (16.4%) subjects with exon
deletions and duplications, respectively.

The proportions of deletions and duplications from MLPA
studies conducted in other Asian countries are listed in Table
1. Results from this study showed a higher rate of exon deletion
and a lower rate of duplication than the study conducted pre-

272 subjects who underwent the MLPA study
— 237 suspicious male subjects
— 35 possible female carriers

2 subjects diagnosed by DNA sequencing

—c.4729C>T, p.Arg1577Ter
—¢.8800G>T, p.Glu2934Ter

A

140 subjects with negative MLPA results
—9DMD and 4 BMD diagnosed otherwise

4

Y

(e.g., muscle immunohistochemistry)
— 18 female subjects
— Other 109 male subjects™
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Fig. 1. Asterisks (*) show patients who were diagnosed with other neuromuscular diseases. Among them, 16 patients had unspecified myopathy. MLPA,
multiple ligation-dependent probe amplification; DMD, Duchenne muscular dystrophy; BMD, Becker muscular dystrophy; del, deletion; dup, duplication.

https://doi.org/10.3349/ym;.2017.58.3.613

615



YMJ

viously in Korea by Lee, et al.* Instead, our results showed
greater similarity with those of the study by Chen, et al.” in-
volving 119 subjects in China (79.0, 19.8%) and the study by
Manjunath, et al.”* involving 83 subjects in India (79.5, 6.5%).

MLPA Study in X-Linked Muscular Dystrophy

We suppose the variation arises from the difference in total
population considered in the analysis. In the studies by Chen,
et al." and Manjunath, et al.,** the authors calculated deletion/
duplication rates only among subjects with a positive MLPA

1 i H ' — 7_-
Carrier !
(0=17) | e RS S— i o
DMD
(n=86) ® Deletion

® Duplication
BMD -
(n=27)
Exon number 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

Fig. 2. Plotting of mutations detected by MLPA. A significant hot spot region is visible between exons 44 and 55. The most common deletion site in patients
with DMD is shown at exon 49-50 (7 cases, black indicator), followed by exons 46-47 (5 cases, white arrowhead), exon 45 and 51 (black arrowheads). The
most common deletion site in patients with BMD is shown at exons 45-47 (7 cases, grey indicator). DMD, Duchenne muscular dystrophy; BMID, Becker mus-
cular dystrophy; MLPA, multiple ligation-dependent amplification.

45
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Cumulative numbers of subjects
involved in deletion/duplication of each exon

1 6 1 16 21 26 31 36 4 46 51 56 61 66 Al 76

Location in exon

Fig. 3. Cumulative numbers of each exon showing deletion/duplication events. Numbers of subjects showing deletions/duplications in each exon were
counted and plotted. For exon deletion, a significant hot spot region is visible between exons 44-55; the second most frequent hot spot is not significantly
distinguishable. In the case of duplication, neither central nor proximal hot spot regions are clearly identifiable.
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Table 1. Proportion of DMD Gene Deletions/Duplications and Hot Spot Regions in MLPA-Related Studies

Total no. Central Proximal
Auth Nationali Deletion (% Duplication (9
uthor (yr) ationality of subjects eletion (%) uplication (%) hot spot (%) hot spot (%)
Serbia & 133 Not Not
Lalic, et al. (2005)"® 78/1 B)* 133(6.8)
allc et al. (2005) Monte-negro (98 DMD/35 BMD) 8/133(58.6) 13368 commented commented
Hwa, etal. (2007]" Taiwan 102 36/102(35.3)" 26/102(25.5)" 41-60 0-20
' ) (89 DMD+BMD/13 carrier) 32/89(36.0)" 22/89(24.7)" (42/72, 58.3)* (21/72,29.2)*
35 44-55 2-20
Lee, etal. (2012/° K 5/11(45.5) 3/11(27.2

ce.etal. (20127 Korea (25 DMD/4 BMD/6 carrier) /s ezl (719, 52.9)* (319, 17.6)*

Uwineza, et al. 12 Not Not Not
: R 4 )

(2014)"® wanda (6 DMD+BMD/6 carriers) o commented commented commented
Chenetal. (2014)"°  China 119(119 DMD) 64/81 (79.0)* 16/81(19.8)* 43-55 3-21
Manjunath, et al. .

anunai. 88 dia 83 (83 DMD) 66/83 (79.5)* 6/83 (7.2 44-55 (54.8) 2-20(8.3)

(2015)?

DMD, Duchenne muscular dystrophy; BMD, Becker muscular dystrophy; MLPA, multiplex ligation-dependent probe amplication.
*Percentage was calculated from those with positive MLPA results, 'Percentage was calculated from those who underwent MLPA analysis, *Percentage was
calculated from only the DMD/BMD patients who underwent MLPA analysis, excluding the data from female carriers.

result. Our deletion rates may also have been overestimated,
because although we tried to include every DMD/BMD pa-
tient, not all patients diagnosed with DMD/BMD proceeded
to undergo MLPA analysis during the study period. By con-
trast, the previous Korean study by Lee, et al.** tried to consid-
er the total DMD/BMD population in their analysis, showing
deletion and duplication rates of 45.5 and 27.2%, respectively.
However, the small number of subjects in the previous study
cannot be ignored. A study in Taiwan conducted in 2007 by
Hwa, et al."” obtained similar results to the study by Lee, et al.”
from a larger population, with deletion and duplication rates
of 36.0 and 24.7%, which were relatively lower and higher, re-
spectively, than the previously published rates in other western
countries.*’** Although the authors insisted that these gaps
may have resulted from ethnic differences, their deletion rate
could have been underestimated, since they included female
carriers in the analysis. Overall, our results, which were ob-
tained from a larger number of patients, did not differ greatly
from the results of previous studies conducted in other west-
ern countries.>'%* Therefore, it would be difficult to conclude
that a relatively low rate of deletion is characteristic of an Asian
or Korean population. The proportion of deletions and dupli-
cations in patients with DMD/BMD might not have signifi-
cant ethnic differences.

As observed, our hot spot study differed slightly from the
previous studies and investigated different aspects, compared
with previous Korean research. Two deletion hot spot regions
were previously described near the 5’-end and the central re-
gion around exons 44-55 of the DMD gene.®"! In our research,
we could clearly detect the hot spot in the central region, with
a distribution rate in this region of approximately 60.6%, simi-
lar to rates from other Asian studies. In contrast, a hot spot near
the 5’-end was not clearly distinguishable. Further studies will
be necessary to explain this discrepancy. Regarding duplication,
no level of bias was observed in the central hot spot region,
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similar to previous studies conducted in China. To date, other
studies have failed to identify a duplication hot spot.

This study has limitations, such as failing to define alterna-
tive diagnoses for the remaining female carriers and male pa-
tients who had unspecified myopathy. These subjects showed
negative results for other genetic tests that we conducted. Since
we could not conduct whole-gene sequencing for the entire
dystrophin gene, there remains a high probability that these
subjects may harbor small mutations. This study also has limi-
tations in the manner of computing the deletion/duplication
ratio. Only patients with positive results in the MLPA study
were analyzed, rather than the entire population of patients
diagnosed with DMD/BMD during the corresponding period.
However, the rate of deletions/duplications identified in this
study was similar to that reported in a recent study conducted
in a similar manner in China. In addition, a comparison with
deletion/duplication rates of other studies that only included
MLPA-positive subjects revealed similarities with our find-
ings. Furthermore, the use of only MLPA-positive subjects did
not affect our ability to conduct hot spot analysis, through
which we identified a distinct lack of mutation pattern in the
previously reported proximal hot spot.

In this study, which included the largest number of patients
with DMD/BMD among all similar studies conducted in Ko-
rea, slightly different results from previous studies investigat-
ing DMD gene mutation patterns were obtained. In addition,
our hot spot analysis yielded findings that differed from those
previously reported in other Asian countries.

Previously, patients with DMD/BMD had a short life expec-
tancy and experienced relatively similar disease progression.
However, because life expectancy has been extended through
various interventions, a phenotype-genotype correlation study
will be necessary to investigate how disease progression dif-
fers among patients in relation to different hot spot traits.
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