Journal of
INTERNATIONAL
MEDICAL RESEARCH

Journal of International Medical Research
2016, Vol. 44(1) 99-108

© The Author(s) 2016

Reprints and permissions:
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/0300060515613223
imr.sagepub.com

®SAGE

Research Report

Distribution of dystrophin
gene deletions in a Chinese
population

Yuanyuan Li'", Zhuo Liu'",
Shengrong OuYang', Yanli Zhu?, Liwen Wang?®
and Jianxin Wu'

Abstract

Objective: To describe the deletion patterns and distribution characteristics of the dystrophin
gene in a Chinese population of patients with Duchenne muscular dystrophy (DMD) or Becker
muscular dystrophy (BMD).

Methods: Patients with DMD/BMD were recruited. Deletions in 19 exons of the dystrophin gene
were evaluated using accurate multiplex polymerase chain reaction (PCR).

Result: Multiplex PCR identified deletions in 238/401 (59.4%) patients with DMD/BMD. Of these,
196 (82.4%) were in the distal hotspot, 32 (13.4%) were in the proximal hotspot, five (2.1%) were in
both regions and five (2.1%) were in neither hotspot. Deletions were classified into 54 patterns.
Exon 49 was the most frequently deleted. The reading frame rule was upheld for 91.9% of cases.
Conclusion: Accurate multiplex PCR for |9 exons is an effective diagnostic tool.
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Introduction accession number: NG_012232), which is

Duchenne and Becker muscular dystrophy
(DMD and BMD) are the most common
X-linked recessive neuromuscular disorders
observed during childhood, with incidences
of ~11n 3500 and 1 in 18500 live male births,
respectively.'> DMD is clinically more
severe than BMD; patients with DMD
usually die from cardiac or respiratory fail-
ure in their second or third decade of life.
Both DMD and BMD are caused by muta-
tions in the dystrophin gene (GenBank

located on Xp21.2. The largest known
human gene dystrophin spans ~2.4Mb
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and contains 79 exons and eight tissue-
specific promoters.® Since the cloning of the
dystrophin gene sequence in 1987,° exon
deletion has been determined to be the most
common molecular defect underlying the
disease, accounting for ~60% of all cases of
DMD and BMD.*® Intragenic deletions
usually encompass one or more exons and
are nonrandomly distributed, clustered in
two specific hotspots. The distal hotspot is
near the central part of the gene (around
exons 44 to 53) and the proximal hotspot is
located toward the 5’ end.*® Mutational
analysis is complicated by the large size of
the gene, although an accurate multiplex
polymerase chain reaction (PCR) method
using 19-exon primers can detect ~98% of
dystrophin deletions.””

The aim of the present study was to use
accurate multiplex PCR to describe the
deletion patterns and distribution charac-
teristics of the dystrophin gene in a Chinese
population of patients with DMD or
BMD.

Patients and methods
Study population

Unrelated male patients with DMD or BMD
were recruited from the Neuromuscular
Clinic, The Affiliated Children’s Hospital,
Capital Institute of Paediatrics, Beijing,
China between January 2001 and December
2010. DMD and BMD were diagnosed
according to clinical phenotype based on
symptoms (elevated serum creatine kinase
activity, age of onset, calf muscle hypertro-
phy, age at loss of ambulation, Gower’s sign,
electromyography, family history, and/or
dystrophic pattern at muscle biopsy). Male
control volunteer subjects without any neuro-
muscular disease were recruited and used as
positive controls for PCR.

The study was approved by the ecthics
committee of the Capital Institute of
Paediatrics, Beijing, China, and all
patients and/or their guardians provided

written informed consent

enrolment.

prior to

Accurate multiplex PCR

Peripheral blood (5 ml) was taken from each
patient using standard methods. Genomic
DNA was isolated from leukocytes using the
standard phenol—chloroform  method.'®
Deletion screening was performed with two
sets of primers (which together cover 18
exons and the muscle-specific promoter
[Pm]): Set I, exon 4, 8, 12, 17, 19, 44, 45,
48, 51; 7® Set II: exon 3, 6, 13, 43, 47, 49, 50,
52, 60 and the muscle-specific promoter.’
Primer sequences are shown in Table | (Life
Technologies Co., Ltd; Shanghai, China).
The reaction mix (25 ul) contained 100ng
genomic DNA, 1 x PCR buffer, 25 mmol/l
each dNTP, 25 mmol/l magnesium chloride,
20 pmol/l each primer and 1.5 U Taq poly-
merase (Promega, Madison, WI, USA).
Cycling conditions for Set I were 30 cycles
of denaturation at 94°C for 1 min, annealing
at 55°C for 1 min, and extension at 72°C for
I min. PCR conditions for Set II were 30
cycles of denaturation at 94°C for 1min,
annealing at 60°C for 1min, extension at
72°C for 1 min and a final extension at 72°C
for S5min. All reactions were carried out
using a Techne thermal cycler (Bibby
Scientific Ltd, Staffordshire, UK). A
normal genomic DNA sample (from control
subjects) and a blank buffer served as the
positive and negative controls, respectively.
PCR products (5 ul) and a DNA size ladder
were electrophoresed on 1.5% agarose gel
stained with 0.5 pg/ml ethidium bromide,
and visualized and photographed on an
ultraviolet transilluminator.

The size of each fragment was evaluated
by comparison with the DNA size ladder.
Deletions were diagnosed if PCR fragments
were clearly absent in the patient sample
compared with the normal male control
sample. PCR results showing the absence
of exons were confirmed by repeat PCR in
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Table 1. Primer sequences for polymerase chain reaction of the human dystrophin gene.

Exon Primer Sequence (5'-3)
Pm Forward GAA GAT CTA GAC AGT GGA TAC ATA ACA AAT GCATG
Reverse TTC TCC GAA GGT AAT TGC CTC CCA GAT CTG AGT CC
3 Forward TCATCC ATC ATC TTC GGC AGATTA A
Reverse CAG GCG GTA GAG TAT GCC AAATGA AAATCA
4 Forward TTG TCG GTC TCT CTG CTG GTC AGT G
Reverse CAA AGC CCT CAC TCA AAC ATG AAG C
6 Forward CCA CAT GTA GGT CAA AAATGT AAT GAA
Reverse GTC TCA GTAATC TTC TTA CCTATG ACTATG G
8 Forward GTC CTT TAC ACACTT TACCTG TTG AG
Reverse GGC CTC ATTCTC ATGTTC TAATTAG
12 Forward GAT AGT GGG CTT TAC TTA CAT CCT TC
Reverse GAA AGC ACG CAA CAT AAG ATA CAC CT
13 Forward AAT AGG AGT ACC TGA GAT GTA GCA GAA AT
Reverse CTG ACC TTA AGT TGT TCT TCC AAA GCA G
17 Forward GAC TTT CGATGT TGA GAT TAC TTT CCC
Reverse AAG CTT GAG ATG CTC TCACCTTTT CC
19 Forward TTC TAC CAC ATC CCATTTTCTTCCA
Reverse GAT GGC AAA AGT GTT GAG AAA AAG TC
43 Forward GAA CAT GTC AAA GTC ACT GGA CTT CAT GG
Reverse ATA TAT GTG TTA CCT ACC CTT GTC GGT CC
44 Forward CTT GAT CCATAT GCT TTTACC TGC A
Reverse TCC ATC ACCCTT CAG AACCTGATCT
45 Forward AAA CAT GGA ACATCC TTG TGG GGA C
Reverse CAT TCC TAT TAG ATC TGT CGC CCTAC
47 Forward CGTTGT TGCATTTGT CTGTTT CAG TTAC
Reverse GTC TAA CCT TTATCC ACT GGA GAT TTG
48 Forward TTG AATACATTG GTTAAATCC CAA CAT G
Reverse CCT GAATAA AGT CTT CCT TAC CAC AC
49 Forward GTG CCC TTATGT ACC AGG CAG AAATTG
Reverse GCA ATG ACT CGT TAATAG CCT TAAGAT C
50 Forward CAC CAA ATG GAT TAA GAT GTT CAT GAAT
Reverse TCT CTC TCA CCC AGT CAT CACTTC ATAG
51 Forward GAA ATT GGC TCT TTAGCT TGT GTT TC
Reverse GGA GAG TAA AGT GAT TGG TGG AAA ATC
52 Forward AAT GCA GGATTT GGA ACA GAG GCG TCC
Reverse TTC GAT CCG TAATGATTG TTC TAG CCT C
60 Forward AGG AGA AAT TGC GCC TCT GAA AGA GAA CG

Reverse

CTG CAG AAG CTT CCATCT GGT GTT CAG G

Pm, muscle-specific promoter.

addition to simultaneous amplification of
each suspected missing exon, and a specific-
ally designed control exon in a duplex PCR
(for patients and normal male controls).

Reading frame analysis

The genotypes and phenotypes of patients
with deletion patterns where the start and
end points were clearly visible were analysed
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Figure 1. Distribution of dystrophin gene deletions in 238 Chinese male patients with Duchenne or Becker
muscular dystrophy. The top numbers represent the amplified exons, horizontal lines represent different
deletion patterns, and the number in parentheses represents the number of cases with the same deletion. Pm,

muscle-specific promoter.

using an online DMD exonic deletion read-
ing frame checker (version 1.9; available at:
http://www.dmd.nl).

Statistical analyses

Data were presented as n (%) and mean.
Differences between Hebei and Henan dis-
tricts in the distribution of DMD gene
deletions were evaluated using x>-test or
Fisher’s exact test (when ¢ <5 or n < 40) for
categorical variables. Statistical analyses
were performed using SPSS® version 16.0
(SPSS Inc., Chicago, IL, USA) for
Windows®. P-values < 0.05 were considered
statistically significant.

Results

The study recruited 401 male patients with
DMD or BMD (mean age 6.6 £2.9 years;
age range 3 months—14 years). Of these,
multiplex PCR identified deletions in 238

patients (59.4%). A total of 8§54 exon dele-
tions were detected (mean 3.59 per patient).
Deletions were in the distal hotspot in 196
patients (82.4%) and the proximal hotspot
in 32 patients (13.4%); five patients (2.1%)
had deletions in both regions. The deletions
of a further five patients were located out-
side the hotspot regions.

Single exon deletions were present in 67/
238 patients (28.2%), with the most common
in exon 45 (n=20; 29.9%). There were no
single exon deletions detected in exons Pm, 4,
6, 12, 13, 17, 48, 49 or 50. Multiple exon
deletions were found in 171/238 patients
(71.8%), the most common of which was
exon 45-52 (n=23; 13.5%). Nine patients
(3.8%) had deletions of more than 10 exons.

Deletions could be classified into 54 pat-
terns (Figure 1), 22 of which were located in the
proximal hotspot and 30 in the distal hotspot.
Of these deletion patterns, 13/22 (59.1%) in the
proximal hotspot and 7/30 (23.3%) in the
distal hotspot occurred once only.
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Figure 2. Frequency of individual exon deletions in the dystrophin gene in 238 Chinese male patients with
Duchenne or Becker muscular dystrophy, stratified by geographical district.

Deletion frequencies are shown in Figure 2.
In the total patient group (7 =238), the most
frequent deletion in the proximal hotspot
was exon 13 (n=23; 9.7%), followed by
exon 12 (n=22; 9.2%), exon 17 (n=20;
8.4%), and exon 8 (n=19; 8.0%). In the
distal hotspot, exon 49 was the most
common deletion (n=114; 47.9%)), followed
by exon 48 (n=112; 47.1%), exon 50
(n=109; 45.8%) and exon 47 (n=100; 42%).

Deletion frequencies were stratified by
location (Figure 2). In Hebei district, there
were 41 patients with deletions, of whom 36
(87.8%) showed deletions in the distal hot-
spot, three (7.3%) in the proximal hotspot,
one (2.4%) in both regions and one (2.4%)
in neither hotspot. The highest deletion
frequency was in exon 50 (n=22; 53.7%),
followed by exon 49 (n=21; 51.2%) and 51
(n=19; 46.3%). In Henan district, there
were 28 patients with deletions, 21 (75.0%)
of which were in the distal hotspot, five
(17.9%) in the proximal hotspot and two
(7.1%) in both regions. Exons 48 and 49 had
the highest deletion frequency (both n=17;

60.7%), followed by exon 50 (n=16; 57.1%)
and exon 47 (n=12; 42.9%). There were no
statistically significant between-region dif-
ferences in deletion distribution.

The genotypes and phenotypes of 62
patients were analysed with the exonic dele-
tion reading frame checker. The reading
frame rule explained the relationship between
genotype and phenotype in 57 cases (91.9%;
Table 2). Reading frame results were not in
accordance with clinical diagnosis in the
remaining five cases (Table 3).

Discussion

Detection of dystrophin deletion muta-
tions is important in the diagnosis of
DMD and BMD. Deletions tend to occur
in hotspots, thus the analysis of this limited
number of exons can detect 98% of dys-
trophin deletions. In the present study,
accurate multiplex PCR was adopted to
analyse 19 exons of the dystrophin gene in
401 Chinese patients and detected 59.4% of
deletions.
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Table 2. Deletions in the dystrophin gene con-
forming to the reading frame rule (correlation
between genotype and phenotype) in Chinese male
patients with Duchenne or Becker muscular dys-
trophy (n=62).

Phenotype
Exon(s) _
deleted Reading frame DMD BMD
44 Out 4 0
44-50 Out | 0
45-47 In 0 2
45-48 In | 4
45-49 In 0 2
45-50 Out 10 0
45-51 In 0 |
48-49 In | 2
48-50 Out 13 0
48-51 In 2 0
49-50 Out 7 |
51 Out I 0

Data presented as n.
DMD, Duchenne muscular dystrophy; BMD, Becker mus-
cular dystrophy.

Reported deletion detection rates vary
widely, ranging between 31% and
73.86%.'"?* These differences may be
caused by many factors such as race,
sample size and inclusion criteria. It has
been suggested that the relatively low dele-
tion detection rate in some studies is caused
by the inclusion of other similar muscle
diseases, because diagnosis was based
mainly on clinical symptoms and did not
require muscle biopsy.'”*! Further, detailed
studies are needed to verify the relationship
between deletion frequency and population.

In accordance with our findings, others
have shown that ~20-30% of detected
deletions cluster in the proximal hotspot
and ~70-80% in the distal hotspot.?> There
were no differences in the deletion distribu-
tion for patients in Hebei and Henan regions
in the present study, despite variations in
customs and environment. This may be due
to the small sample size or the fact that the
residents of both districts are from the Han

Chinese population, in which there is little
genetic variation.

The most common deletion was in exon 49
in the present study; a finding that is consist-
ent with a large-scale study in a Chinese
population.’® We have identified several
other high-frequency deletions, which may
be a useful target for prenatal screening.

Our data showed that deletion segments
were smaller and considerably less heteroge-
neous in the distal hotspot than those in the
proximal hotspot. As others have suggested,
distal deletions are therefore more suitable
than proximal lesions for comparing
populations.?”-*

The frequency of specific single-exon
deletions differs among populations. The
most common single exon deletion in an
Indian population was exon 50, with a
frequency of 16.1% of all single exon dele-
tions,?® but this deletion was not found in
any case in the present study. Exon 44
deletion occurred at a considerably higher
rate in a Turkish population®’ compared
with patients from India,” USA*® or China
(present study). In contrast, the single exon
deletion of exon 51 had a similar frequency
in all four populations. These data confirm
the hypothesis, first suggested by Danieli
et al’' and supported by others,'>**?7 that
different populations possess specific differ-
ences in a certain intron sequence of the
dystrophin gene. This sequence predisposes
this locus to an increased frequency of break-
point deletions. Population-based differences
can therefore be ascribed to genetic drift.

The reading frame rule was first described
by Monaco et al.*’, who found that the
severity of disease is not directly associated
with deletion size but largely depends on
whether or not the reading frame is dis-
rupted. Mutations that disrupt the reading
frame (out-of-frame) produce unstable
RNA and nearly undetectable levels of
truncated proteins, resulting in the DMD
phenotype. Conversely, mutations that
maintain the reading frame (in-frame)



105

Li et al.

“AydoaasAp Jejnosnw Jaypag ‘qig ‘AydoaasAp aejnosnw suuaydng ‘g 98ewep d1uadoAw ‘qly 9SeUD| dUIUREAD YD)

no awg Aiqesney ‘ssppsnw yjed o AydoansadAyopnasy L65 L1 05—6¥ 6 0l S
usis s.Jamon)
aAnisod “9red Suippem ‘sdaies Suiquuipd ul
u| awa Anoyip Qi ‘sappsnw Jjes jo AydoaniadAyopnasq 090 §1 15-8% 4 S 4
ugiIs s.J9MOND) dAN
-1sod ‘Buijjes ‘dwnl 01 s|qeun ‘sureas Suiquipd ul
u| awa Anoyip Qi ‘sappsnw yjes jo AydoaniadAyopnasy 00¢€ Tl 15-8% SLT 8¢ €
Kioasiy
Ajiwrey oAnisod ‘udis s aamon) sAnisod ‘Supjiem ul
u| awa Anoyip Qi ‘sappsnw yjes jo AydoaniadAyopnasq 061 L 6v—8r Sl SL [4
ugis sJamon) aAnisod ‘uljjey ‘sareas Suiquuipd ul
u| awa Anoyip Qi ‘sapPsnw yjes jo Aydo.isdAyopnasy 0€T ¥I 8y—S¥ gl € [
Jawe.y sisou3elp uoinew.Iojul /0 S uJsaned saeak saeal ‘ou
Suipeay [earuD [eauD uona|op “4asuo ‘sisouSelp ased
uoxg e 98y e 93y

*(edArouayd pue adhiousl usamiaq
UOIIE[2.J402) 3|NJ Swel) ulpead 9yl 01 WLIOJUOd 10U Op oym Aydo.asAp Jendsnw Joy29g Jo suuaydn Yam siusied Jo sonsSIdBIRYD [BIIUID) € d|qel



106

Journal of International Medical Research 44(1)

result in abnormal but partially functional
dystrophin, leading to the BMD phenotype.
The reading-frame hypothesis holds for
>90% of cases and can guide the early-
stage clinical evaluation of DMD and BMD
patients. In the present study, 91.9% of cases
were consistent with the reading frame rule,
in agreement with others.’>? We identified
five patients with inconsistent genotype—
phenotype (Table 3). Deletions in exons 45—
48, 4849, and 49-50 are known to occur in
both DMD and BMD,*** possibly due to
variation in the exact location of the break-
points within the intron. Patients with appar-
ently similar deletion mutations are likely to
have lost different gene regions because of
such breakpoint variation. Different intron
sequences may contain motifs that affect gene
splicing, and exon skipping events may be
affected by different deletion breakpoints.*®
Similar to another case report,’’ two patients
with in-frame deletion of exon 48-51 pre-
sented the DMD phenotype in the present
study. It is possible that these deletions may
be located in critical protein regions or lead
to the production of unstable protein.

The present study was limited by evalu-
ation of mutation at the DNA level only.
Future studies should investigate muscle
RNA or protein level detection. The accur-
ate multiplex PCR technique is useful in the
initial step of molecular diagnosis of DMD
and BMD, but is unable to detect intra-
genic duplication mutations or female
carriers.

In conclusion, the accurate multiplex
PCR method for 19 exons is an effective
diagnostic tool. The distribution of dys-
trophin gene deletions in the Chinese popu-
lation differs from other populations. These
population-based differences may be caused
by genetic drift.
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