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Background: Duchenne muscular dystrophy (DMD) and Becker muscular dystrophy (BMD) are common X-linked recessive neuromuscular
disorders caused by mutations in dystrophin gene. Multiplex polymerase chain reaction (multiplex PCR) and multiplex ligation-dependent
probe amplification (MLPA) are the most common methods for detecting dystrophin gene mutations. This study aimed to contrast the
two methods and discern the genetic characterization of patients with DMD/BMD in Eastern China.

Methods: We collected 121 probands, 64 mothers of probands, and 15 fetuses in our study. The dystrophin gene was detected by multiplex
PCR primarily in 28 probands, and MLPA was used in multiplex PCR-negative cases subsequently. The dystrophin gene of the remaining
93 probands and 62 female potential carriers was tested by MLPA directly. In fetuses, multiplex PCR and MLPA were performed on 4
fetuses and 10 fetuses, respectively. In addition, sequencing was also performed in 4 probands with negative MLPA.

Results: We found that 61.98% of the subjects had genetic mutations including deletions (50.41%) and duplications (11.57%). There were
43.75% of mothers as carriers of the mutation. In 15 fetuses, 2 out of 7 male fetuses were found to be unhealthy and 2 out of 8 female fetuses
were found to be carriers. Exons 3-26 and 45-52 have the maximum frequency in mutation regions. In the frequency of exons individually,
exon 47 and exon 50 were the most common in deleted regions and exons 5, 6, and 7 were found most frequently in duplicated regions.
Conclusions: MLPA has better productivity and sensitivity than multiplex PCR. Prenatal diagnosis should be applied in DMD high-risk fetuses
to reduce the disease incidence. Furthermore, it is the responsibility of physicians to inform female carriers the importance of prenatal diagnosis.
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1/18,000 among male live births.! Symptoms begin to
manifest at about 11 years of age; progression is slower
than DMD. The life expectancy of patients with BMD is
longer than that of patients with DMD.F¢!

DMD/BMD is caused by mutations in dystrophin gene, the
biggest human gene known so far, occupying a genomic
region of 2.4 Mb on Xp21.19 The dystrophin gene contains
79 exons and encodes a 14.6 kb mRNA." The dystrophin
protein contains an N-terminal actin-binding domain
and 24 spectrin-like repeat units interspersed by four
hinge regions, followed by a cysteine-rich domain and a
C-terminal domain.!"! The protein fulfills the link between
cytoskeletal actin and the extracellular matrix, mainly
expressing in the skeleton, muscles, and brain.[”! If the
mutation maintains an open reading frame, a shortened
but functional protein and a milder phenotype (BMD) are
observed. If the mutation shifts the translational reading
frame of the transcripts or creates a stop codon, a severe
phenotype (DMD) is observed.®!

The majority of DMD cases are caused by gene deletion or
duplication in single or multiple exons, which account for
about 65% and 5-8%, respectively.”? The remaining cases
are attributable to point mutations, splicing mutation, and
small deletions and insertions.?*! Previous reports indicate
that approximately 70% of these lethal mutations are inherited
from a carrier mother,”) whereas 30% of the mutation are
de novo.'" To date, no effective therapy is widely available for
DMD/BMD patients. Therefore, an effective and accessible
method of prenatal diagnosis and genetic counseling is
necessary to inhibit the birth of defective male.!'!

Many methodologies have been used to detect mutations
in the DMD gene. The most basic and common method is
the multiplex polymerase chain reaction (multiplex PCR)
technique,!>!¥ which offers a simple and rapid screening
of the most common 18 exons in male patients.['4!3]
Almost all DMD patients with deletion can be detected
by multiplex PCR.['Y) However, multiplex PCR cannot
detect duplication and cannot be used as a test of female
carriers.[!*!7]

Multiplex ligation-dependent probe amplification (MLPA)
has proved to be a reliable tool for the diagnosis of genetic
diseases.[''l MLPA has been introduced and is now
widely used to detect both deletions and duplications
of the dystrophin gene. In contrast with multiplex PCR,
MLPA can also be used for detecting female carriers in
whom deletion is masked by the amplification of the
normal X chromosome. As a sensible and available tool,
MLPA can be used in prenatal diagnosis and genetic
counseling.t'31417]

In this study, multiplex PCR, MLPA, and sequencing
analysis were performed in 121 unrelated Chinese families
with 200 individuals, including 121 probands, 64 mothers of
probands, and 15 fetus samples to explore the characteristics
of dystrophin gene, and illustrate the significance of prenatal
diagnosis in female carriers.

MEeTHODS

Ethical approval

This study was conducted in accordance with the procedure
of disease in China and was approved by the Institutional
Review Boards of the First Affiliated Hospital of Nanjing
Medical University. All patients enrolled wrote informed
consent before starting the study and have their medical data
used for research purposes.

Subjects

Atotal of 121 unrelated Chinese families with 200 individuals
were referred for gene analysis of the dystrophin gene between
2010 and 2014 in Nanjing, China. There were 121 probands,
64 mothers of probands, and 15 fetuses. Patients were mostly
from Jiangsu Province, Anhui Province, Shandong Province,
and Zhejiang Province. After providing a detailed history, each
patient was examined by one of the investigators (Neurologists)
and verified by a senior neurologist with particular emphasis on
atrophy and hypertrophy of muscles and power of individual
muscle and the presence of Gower’s sign and valley sign.
Diagnosis was based on clinical manifestation and symptoms,
high serum creatine kinase levels, changed electromyography,
and muscle biopsy. Electrocardiogram and echocardiography
were done in some cases. Some patients were also subjected
to psychometry and assessment of 1Q using Binet-Kamath
test of intelligence. Twenty-eight probands were detected by
multiplex PCR primarily, and MLPA was used in multiplex
PCR-negative cases subsequently. The remaining 93 probands
and 62 female potential carriers were tested with MLPA
directly. In fetuses, multiplex PCR technique and MLPA were
performed on 4 fetuses and 10 fetuses, respectively. In addition,
there were three probands, two female potential carriers, and
one fetus with negative MLPA performed by sequencing.

Multiplex polymerase chain reaction

Eighteen pairs of multiplex PCR primers covering exons
in the deletion hotspots were divided into two groups to
amplify: one encompasses exons 4, 8, 12, 17, 19, 44, 45, 48,
and 51 and the other encompasses promoter and exons 3,
6, 13,43, 47, 50, 52, and 60. The procedures were referred
to previous researches.!'>!¢) DNA was amplified in a final
volume of 50 ml using 250500 ng genomic DNA, 10 buffer,
0.2 mmol of each primer, ANTP (200 mmol each), and 1 U
Taq DNA polymerase. PCR cycling was performed under the
following conditions: initial denaturation at 95°C for 6 min,
94°C for 1 min, 56.8°C for 1 min, 72.6°C for 1 min for a
total of 30 cycles, and 72°C for 10 min. The products were
visualized by electrophoresis on a 1.5% agarose gel. The
PCR products were separated by capillary electrophoresis
according to the size of fragments, and the measured data
of separated DNA fragments were analyzed by Genemarker
software (Softgenetic LLC, State college, PA, USA).

Multiplex ligation-dependent probe amplification

Genomic DNA was extracted from peripheral blood
samples taken from the individuals. Two SALSA
MLPA probe mix sets — P034 and P035 (MRC-Holland,
The Netherlands) — were used for detecting all the
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exons of the DMD gene. Procedures followed the
manufacturer’s instruction and previous research;!!
5 ul of the working DNA was used for each sample. All
reactions were carried out on a standard thermal cycle.
The carboxyfluorescein-labeled MLPA PCR products were
separated by capillary electrophoresis on the ABI 3730xI
DNA Analyzer (Applied Biosystems, USA). The sizes
of the exon-specific amplified fragments were identified
according to their migration relative to the GeneScan
Rox-500 size standard using Gene Mapper version 4.0
software (Applied Biosystems, USA). Relative amounts
of PCR products were determined using Coffalyser
software (MRC-Holland, The Netherlands) provided online
by the manufacturer (www.mlpa.com).

Sequencing analysis

A direct sequencing using forward and reverse primers
complementary to screen all 79 exons and exon-intron
junctions with the ABI Prism 3100 Genetic Analyzer
(Applied Biosystems, USA) was performed on
MLPA-negative results. Sequencing analysis was detected
in the Beijing Genomics Institute (BGI, China).

ResuLts

Detection of Duchenne muscular dystrophy gene
mutations in 121 probands

Fourteen probands were identified as having gene deletions,
accounting for 50.00% (14/28) of patients analyzed by
multiplex PCR. In 14 samples with negative multiplex PCR
assay, 3 showed positive results: using MLPA, they were
found to have gene duplications [Table 1]. In 93 probands
subjected to MLPA directly, the rearrangements consisted
of 47 deletions and 11 duplications [Table 2], accounting for
62.37% (58/93) of patients tested with MLPA. Combining
the results, the rearrangements consisted of 61 large deletions
and 14 large duplications spanning one or more exons,
representing 50.41% (61/121) and 11.57% (14/121) of all
mutations identified in this study, respectively [Figure 1].
There were 59 DMD and 2 BMD probands with deletions and
13 DMD and 1 BMD probands with duplications. Three BMD
patients had positive results, in which two out of three had the
mutation of del 45, 47, 48, 50, 51, 52 through the method of
multiplex PCR, and the rest had the mutation of dup 2 through
the method of MLPA. To detect the DMD gene definitively,
4 probands with negative MLPA accepted gene sequencing
analysis in this study. There were one case with small deletion
in intron 17, one case with substitution mutation in intron 65,
and one case with nonsense point mutation in exon 8.

Small fragment deletions and duplications are
predominant in the Duchenne muscular dystrophy gene
Amid 121 probands with exonic deletion, single-exon
deletions made the largest proportion, accounting for
21.31% (13/61). Our study also showed that 18.03% (11/61)
of'the deletions involved 3-exon deletions; 13.11% (8/61) had
2-exon deletions; 9.83% (6/61) had each 4-exon deletions
and 5-exon deletions; 8.20% (5/61) had 6-exon deletions;

and 3.27% (2/61) had each 8-exon deletions and 9-exon
deletions. Among 14 patients with exonic duplication,
single-exon duplication is most common, accounting for
21.43% (3/14). 14.29% (2/14) exhibited 2-exon duplication.
Combining all data, the deletions and duplications with
nine exons or smaller account for 86.89% (53/61) and
78.57% (11/14), respectively.

Exons 3-26 and 45-52 have the maximum frequency
in mutation regions

Analyzing all deletions, we found that both exons 45
and 51 were the most common single-delete exons in 13
single-exon delete ones. Among the 48 cases with multiple
exons, deletion of three exons in 48-50 was the most
common (6.25%). Of all detected exons, exons 47 and exon
50 were the most common deleted ones, followed by exon
48 and then exon 51 and exons 45, 49, and 52. No deletion
was found in exon 1 and exons 77-79. Among all duplicated
exons, exons 5, 6, and 7 had the highest numbers. Counting
the frequency of deletions and duplications together, the
common regions in this study are exons 3—26 and 45-52 in
this study [Figure 2].

Detection of Duchenne muscular dystrophy gene
mutations in female potential carriers

MLPA analysis was performed on 64 mothers of DMD
boys to detect whether or not they were carriers. Among the
64 females, 26 carriers were detected by MLPA, including
20 with deletions and 6 with duplications. Moreover, two
mothers were identified as carriers using sequencing.
Analyzing information from the 64 females and their
unhealthy boys, we could see that 43.75% (28/64) of
mothers were carriers. In other words, 43.75% of pathogenic
mutations were inherited from a carrier mother and 56.25%
of the mutations are surfaced spontancously.

Detection of Duchenne muscular dystrophy gene
mutations in fetuses

Distribution of dystrophin mutations in 121 probands

B Deletion

B Duplication

m  Other types
Undetected

35.54%

11.57%

50.41%

Figure 1: Distribution of dystrophin mutations in 121 probands.
Although applying multiplex PCR, MLPA, and sequencing, we found
61 cases of deletion (50.41%), 14 cases of duplication (11.57%),
3 cases of other type mutations, 1 case of small deletion (0.83%),
1 case of nonsense mutation (0.83%), and 1 case of substitution
mutation (0.83%). In addition, there were 43 undetected cases by
these three methods in this study. PCR: Polymerase chain reaction;
MLPA: Multiplex ligation-dependent probe amplification.
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Figure 2: Itis a rearrangement of dystrophin gene. Frequency of dystrophin gene rearrangement showed that exons 47 and 50 were most common
in all exonic deletions and exons 5, 6, and 7 were the most common in all exonic duplications.

Table 1: MPLA results of 14 patients with negative
multiplex PCR

Patient ID Multiplex PCR MLPA
MO009 Negative Dup 68-79
MO021 Negative Dup 42-43
MO031 Negative Dup 3-7
The remaining 11 patients Negative Negative

Dup: Duplicated exons; Multiplex PCR: Multiplex polymerase chain
reaction; MLPA: Multiple ligation-dependent probe amplification.

Table 2: The genotype of 121 probands with deletions
and duplications

Deletion detected by Deletion detected by  Duplication
multiplex PCR MLPA
Del 3, 4, 6,8 Del 2-17  Del 45-50 Dup 2
Del 8,12, 13,17, 19 Del 3-7  Del 45-52%  Dup 2-7
Del 17, 19, 43 Del 5-7 Del 45-53  Dup 3-13
Del 45* Del 8-19  Del45-76  Dup 3-34
Del 45, 47* Del 844  Del 46-47*  Dup 3-7*
Del 45,47, 48,50, 51,52%  Del 10-11  Del 46-48*  Dup 5-11
Del 47, 48 Del 10-30  Del 46-50 Dup 8-9
Del 47, 48, 50, 51, 52 Del 14-19  Del 46-55 Dup 12
Del 48, 50, 51, 52 Del 1826  Del 48-50"  Dup 4243
Del 51 Del 1829  Del48-52  Dup 48-52
Del 60 Del 18-37  Del 49-50* Dup 62
Del 19 Del 49-52*  Dup 64-67
Del 22-27 Del 50 Dup 68-79
Del 22-44 Del 51*
Del 43 Del 51-54
Del 44 Del 52
Del 45 Del 52-54
Del 45-47*  Del 53-55
Del 45-48 Del 55

The information was listed from smallest to largest depending on the
number of first exon. *Repetition of twice; "Repetition of three times.
Del: Deleted exons; Dup: Duplicated exons; Multiplex PCR: Multiplex
polymerase chain reaction; MLPA: Multiple ligation-dependent probe
amplification.

Multiplex PCR technique and MLPA were performed on
14 fetuses with high-risk prevalence of DMD. In multiplex

PCR group, one male fetus was identified as a patient with
gene exonic deletion. In MLPA group, one female fetus
was confirmed to be a carrier of gene exonic deletion and
duplication each and carried the same maternal chromatids
with probands. We also observed that one case was
determined to be defective with the mutation in intron 65 by
sequencing. Therefore, 2 out of 7 male fetuses were found
to be unhealthy and 2 out of 8 female fetuses were found to
be carriers [Table 3].

Discussion

DMD and BMD are common X-linked neuromuscular
disorders with high prevalence rate and low diagnostic
rate. Therefore, a number of patients suffer greatly due to
delayed diagnosis. In our study, we used multiplex PCR
and MLPA methods in 200 people to identify whether or
not they exhibited dystrophin gene mutations. We already
knew that multiplex PCR is a relatively simple and rapid
method. Our results indicated that 50.00% of the 28 male
probands carried gene deletions detected by multiplex PCR.
Hence, because the dystrophin gene is X-linked, deletions in
male patients can be easily identified by multiplex PCR.!!¥
However, multiplex PCR is neither suitable for detecting
gene duplication nor useful for detecting mutations in female
carriers.["”]

MLPA is a new and useful technique for the quantification
of gene abnormalities, not only for deletions but also
for duplications and female carriers in a wide range of
conditions.? It is based on comparative quantitation
of hybridized probes that are amplified by PCR with a
single pair of universal primers. The number of ligated
oligonucleotide products is proportional to the amount
of original target DNA. The PCR fragments of different
lengths can be separated and quantitated in an automated
capillary DNA sequencer. Therefore, it allows interrogation
of gene dosage at multiple target loci in a single reaction.!¥]
In our study, 50.54% of our probands carried deletions and
11.83% carried duplications, which increased the sensitivity
of detecting DNA rearrangement by MLPA up to 62.37%.

W Chinese Medical Journal | April 5,2018 | Volume 131 | Issue 7

773




Table 3: Prenatal diagnosis and pregnant suggestion of 15 fetuses

Patient ID Genotype of proband Carrier status Prenatal diagnosis Gender Continued
of proband of mother of fetus of fetus gestation
MO10 Del 45, 47, 48, 50, 51, 52 Yes Normal Male Yes
MO11 Del 8, 12, 13,17, 19 Yes Del 8, 12, 13, 17, 19 Male No
MO020 Intron 65 mutation Yes Normal Female Yes
MO020 Intron 65 mutation Yes Intron 65 mutation Male No
MO023 Del 45 Yes Normal Female Yes
MO029 Del 48, 50, 51, 52 No Normal Female Yes
MO033 Del 45, 47, 48, 50, 51, 52 Unknown Normal Male Yes
MO037 Del 51 Yes Del 51 Female Yes
MO053 Del 52 No Normal Female Yes
M062 Del 22-44 No Normal Male Yes
M062 Del 22-44 No Normal Male Yes
MO067 Del 22-27 Yes Normal Male Yes
MO070 Del 4648 Yes Normal Female Yes
MO75 Dup 62 No Normal Female Yes
MO079 Dup 12 Yes Dup 12 Female Yes

Del: Deleted exons; Dup: Duplicated exons.

In addition, 3 of 14 multiplex PCR-negative probands got
positive results with MLPA. Therefore, considering the
productivity and sensitivity of detection, MLPA is superior
to multiplex PCRI™ and MLPA should be considered for the
initial test in the detection of exon deletions and duplications
of the dystrophin gene.!'132% Qur observation also showed
that sequencing could be performed on the patients with
negative MLPA, similar to other studies.?"

In 64 mothers of DMD boys, 43.75% carried the same
mutations as their defective sons whereas 56.25% probands
showed no mutation. These results suggested that 43.75%
probands were inherited from a carrier mother and 56.25%
of the mutations are de novo. This percentage is remarkably
higher than in previous studies, which showed that 30% of
the mutations occur naturally. That some real female carriers
of probands were not enrolled in the study or some other
potential causes may have induced the higher percentage of
de novo.??! Further investigation and data are necessary to
provide more evidence. However, from the 43.75% female
carriers, we strongly suggest that effective and available
methods should be used to detect the dystrophin gene of the
carrier females, in order to reduce the incidence of disease.

Among the 15 fetuses, 2 out of 7 male fetuses were found
to be unhealthy and 2 out of 8 female fetuses were found
to be carriers. Thus, we suggested that the 2 pathogenic
male fetuses had to achieve termination of pregnancy. On
the contrary, the 2 carrier fetuses and remaining normal
fetuses could continue to grow in the uterus. The subsequent
follow-up visit showed that the actual situation was
consistent with the results of prenatal diagnosis. Compared
with multiplex PCR, MLPA has a higher accuracy in
detecting male fetuses and break the limits of testing carriers
and fetuses. Besides, MLPA is an available method which
can be used for prenatal diagnosis when the deletions or
duplications are not detected by multiplex PCR.3 Certainly,
sequencing can be used to detect small gene mutations

in MLPA-negative individuals. It is essential to perform
antenatal diagnosis on the carriers of childbearing age by
MLPA primarily. In addition, clinical experiences reveal that
the pregnant women will benefit greatly if the fetuses with
hereditary disease can be prediagnosed.

Exons 45-54 and exons 3—22 are the most commonly deleted
regions.? Exons 2-20 and 44-53 were previously reported
as hot-spot regions in the dystrophin gene. In this study,
we have analyzed the distribution of each exon regarding
their frequency of deletions or duplications. Counting the
frequency of deletions and duplications, we found in this
study that hot-spot regions were exons 3-26 and 45-52.
Here, after analysis of the frequency of each individual exon,
exon 47 and exon 50 were the most common deleted exons
and exons 5, 6, and 7 were the most common duplicated
exons. Exon skipping is an available therapy for DMD
that can transform DMD into BMD, which is based on
the recovery of the reading frame induced by alternative
splicing of antisense oligonucleotides.**) Combing these
data, researchers can create exon skipping drugs depending
on the high incidence exons.

In China, although physicians know that DMD is a hereditary
neuromuscular disease, most of DMD patients do not
receive timely diagnosis, appropriate treatment, or useful
suggestions.!'”! If there are some genetic diseases such as
DMD, physicians should suggest the patients to take a
precise molecular test™ for disease diagnosis and genetic
consulting. For the molecular test, MLPA should be the first
choice, and sequencing can be a supplement. In addition,
the muscle biopsy should be conducted to verify previous
diagnosis and provide sequence analysis for dystrophin
mRNA.? In the diagnosis of DMD/BMD, physicians
combine clinical signs with auxiliary examinations. Above
all, molecular analysis of dystrophin gene is indispensable.

We have applied multiplex PCR, MLPA, and sequencing
to detect large rearrangements in gene and concluded some
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characteristics of deletions and duplications among male
patients, female potential carriers, and suspected fetuses.
Considering the productivity and sensitivity of detection,
MLPA is superior to multiplex PCR. Sequencing analysis
can detect the small mutation in dystrophin gene, making up
for deficiency of MLPA. In this study, MLPA analysis plays
an important role in detecting rearrangements and prenatal
diagnosis. It is a responsibility for physicians to inform
female carriers the importance of prenatal diagnosis with
appropriate methods.
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BT T2HAR T ERTMEARIEFRAR/N
RAVEFA R BEER RS

Wi MRS FHA RS (DMD) F RIS FRA BAE (BMD) S2Hi 254 5 (3 R R AR S 80 0% WA WLRER, X
EB B . 2 ERBSIEXSNEAR (mPCR) A2 BEIERAREY B AR (MLPA) BT ZE 45 8 11 JE DR 9848 (1) & F 7
e ARWFIC B TE LI P A 792 DA R S 25 v [ 4R 350 1 X DMD/BMID i 35 11 225 IR 98 AR 411

Tk AWETE, BATIE TIEH 12161, el & fEE646 UL RG JL15H] . 280115 iE & L2545 5 1 2 K {8 I mPCR A
W, MLPAFFAEIMImPCRIAME B,  FAx9341 61l 35 Fl625] Lo 1t 8 R #5717 8 B TMLPAKS I . TERG LA, 23 Sl X 4% i
JLANTOBI AR JLiZE AT mPCREZARFIMLPAKE I« SE4k,  PUBIMLPA BH 14 S i 2 @ ik il e 77 v g b A T A

R, RATKI61.98% 32 F A K HI 548, G RAZ(50.41 %) FIEE RA(11.57%). 43.75% (R A & . 7150
GILH, 7B MR L 2B R, 8B HERR ) LA 2B S . AR T 3-261145-527F 5875 X I8 R I HH f5t iy SR AR AR
TEBANANE T RASFR G it h, fEBVRTRAS T, ANETATAIANE 7505 0 W, TR S RA T, AR 15,6, 758 N W..
2518 MLPAZERGI AN RS EALTFmPCR. PERIS W N 1% T B0 i fE IR L DA RO 56 . b, BEAEAT SofEik otk
Yerti G T RS RIS M) M




