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I. INTRODUCTION

Duchenne muscular dystrophy(DMD) is
one of the most common and serious
X-linked recessive disorders with a
frequency of 1 in 3,000-5,000 newborn males
(Gardner-medvin, Duchenne, 1980).and was
first described in the mid-1800s(Meryon,
1852; Duchenne, 1868). The muscular
dystrophies are a heterogenous group of
both human and animal hereditary diseases
whose primary manifestation is progressive
muscle weakness due to intrinsic biochemical
defects of muscle tissue (Mastaglia and
Walton, 1982). The DMD has recently been
shown to be caused by the deficiency of a
large abundance protein called dystrophin
(Hoffman et al, 1987, 1988) and a mutation
rate of approximately 1 in 10,000 (Moser,
1984). The DMD protein, dystrophin, is
shown to be approximately 400kd and to
represent 0.002% of total striated muscle
protein. The major distribution of dystrophin
is on the cytoplasmic face of the plasma
membrane of muscle fibers. and possibly on
the cytoplasmic face of the
membrane of muscle fibers, and possibly on
the contiguous t-tubules membranes. The

plasma
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dystrophin is a component of the membrane
cytoskeleton in myogenic cells.

1. Clinical manifestation

Myofibro-necrosis in patients affected with
Duchenne muscular dystrophy was probably
the result of plasma membrane instability.
This genetic disorder in affected boys
exhibited no obvious clinical manifestation
until the age of 3 to 5 years, when proximal
muscle weakness was first observed. The
clinical manifestation illustrated the Gowers
sign, the characteristic "Climbing up himself”
maneuver by which the child rises from the
prone position(Duvowitz V., 1978). The
ensuring progressive loss of muscle strength
usually leaves affected individuals wheelchair-
bound by the age of H, and results in early
death due to respiratory failure.

2. Genetic lesions

The genetic lesions causing DMD have
been mapped to the short arm of the
chromosome, band Xp2l, by detection of
structural chromosome abnormalities(Green-
stein et. al, 1980; Jacobs et al., 1981), Those
DNA loci that were mapped physically
within or near-by Xp2l exhibited linkage to
the DMD mutation, further substantiation the



Xp2l location of the DMD mutation(de
Martinvill et al, 1985). Recently, a male
patient has been described who exhibited the
phenotype of DMD associated with the
additional X-linked phenotypes of chronic
granulomatous disease(CGD), retinitis pigmen-
tosa(RP), McCleod red cell phenotype, and a
small interstitial deletion within XP(Franc-
keet al, 1985). The observed instability of
this locus and the basic biochemical defect
responsible for the Duchenne phenotype are
not yet understood.

3. Genetic studies

For many years, carrier detection for
DMD been based on pedigree analysis and
on serum creatin kinase(CK) levels, even
though CK determination displays both
variability(Greenstein et al, 1980), and
overlaps between normals and carriers in
obligate carriers. Since Davies et al.(1933)
described the first RELPs located in XP and
flanking DMD, other RFLPs in Xp have
been reported to be potentially useful for
diagnosis of DMD(Aldridge et al, 1984;
Hofker et al., 1985).

DNA of RFLPs have recently been used
for diagnosis of various diseases including
DMD. Kunkel et al.(1985) have isolated DNA
fragments, pERT87(DXS 164) from the XP
21 region deleted in a DMD male patient.
they successfully used subcloned fragments
(pERT87-1, pERT87-8, and pERT87-15)
from the p ERT87 locus as probes to detect
RFLPs diagnostic of DMD. It is likely that
pERT87 is located within the DMD region
itself, based upon a series of partial
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deletions at this locus.

In about 8% of all DMD patients, this
sequence (pPERT87?) or subclones from it, are
deleted (Monaco et al., 1985, Kunkel et al.,
1986). The majority of the mutation sites for
DMD, mapped by RELPs analysis, are
located distal to pERTS?7.

However, at least two X, autosome
translocation break points are located
proximal to the locus DXS 164, and the
position of DXS 164 relative to all mutation
sites is not clear. Koenig et al. (1987) have
recently cloned and characterized the full
length 14kb Duchenne muscular dystrophy
gene cDNA spanning about 2,000kb of
genomic DNA and encoding a large muscle
specific transcript.

5. Purposes of the research

The purpose of this study is to find out
the genetic characteristics of DMD on the
basis of DMD on the basis of cytogenetic
analysis and molecular approaches.

Il. MATERIALS AND METHODS

First of all, the careful documentation and
analysis of family structure is essential in
deciding how molecular approaches are likely
to be helpful for prediction in a particular
family, With a well documented pedigree
available, the important decisions as to
which family members should have blood
and amniotic fluid samples taken for
chromosome analysis and DNA analysis.

Chromosome studies are essential if DMD
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is diagnosed in a girl, whether or not part
of a clearly X-linked kindred.
~ In DNA analysis, this study was inves-
tigated for RFLPs(Table 1) for heterozygotes
of families by the Southermn blofting method
(1975).

The Southern blotting technique is the
standard way to analyze the structure of
DNA cleaved by restriction .enzymes. The
DNA fragments are separated by agarose
gel electrophoresis according to their size,
small fragments moving much more rapidly
than larger ones. After DNA denaturation to
separate the DNA strands, the gel is
overlaid with a nitrocellulose filter, and the
DNA fragments are transferred to filter by
blotting. To identify the fragment of interest
among the numerous piece of DNA on the
filter, a specific radioactively labeled probe is
used. The probe is allowed to anneal to the
complementary DNA sequence on the filter,
which is then autoradiographed to show the
position of the fragment of interest.

This article was family studies with 2
DMD families of Japanese by Southern
blotting technique.

Two at risk pregnancies from two
different families were studied prenatally.
The 13 members of two families with DMD
from the Japanese population
investigated for chromosome analysis by
High-Resolution Giemsa Trypsin Giemsa
banded and DNA polymorphisms and pattern
of exon deletions by the Southern blotting
method.

were

1. Pedigree analysis

The family A was composed of 3 brothers
and 1 sister(Fig. 4). One brother was
diagnosed at age 6 years with DMD and
died 17 years old. the other brothers have
normal Creatine Kinase level at ages 30 and
25. One sister has a son and is at 20 weeks
pregnancy state. In family B the mother of
one son with DMD and one daughter with

Table 1. Xp markers

Locus symbol  Genetic distance RFLP restriction Overall hetero-

Name of Probe (HGMB) to DMD(dMO0) enzyme(s) zygotefrequency Probe source
RC8 DXS9 17 Taq I 0.23 Davies
782 DXS85 201 EcoR 0.50 Pearson
pXUT23 DXS16 184 Bgi/Tl 042 Pearson
pD2 DXS43 18" Pvull 0.40 Pearson
9-6 DX$41 15" Pst I 0.49 Pearson
B24 DXS67 - Msp I 0.15 Pearson
C7 DXS28 10" EcoRV 025 Pearson
pERTS7 DXS164 2-51 Many 09 Kunkel
XJ1.1 ) NA - Taql 045 Worton
754 DXS#4 5-1271 Pst I /EcoR I 066 Pearson
cXb.7 DXS148 - Mspl 0.46 Hofker
OTC oTC 1011 Msp I 067 Fenton
L1128 DXS7 2011 Tag I 0.45 Pearson

-No data available
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DMD carrier was an obligate carrier. The
affected individual was diagnosed at age 6
years, and found to have the classical form
of DMD confirmed by muscle biopsy and
with serum Creatine Kinase levels of
7000(normal 13~78u). The father and one son
were normal. The daughter was pregnant at
125 weeks gestation.

2. Cytogenetic analysis

Chromosome analysis of Family A and B
blood and ammiotic fluid specimen = were
provided by Dr. Norio Nitkawa’s laboratory.
This study was carried out in this
laboratory following the methods of Hogge
et al.(1985) for analysis of cultured cells.

Prometaphase  chromosomes in  their
relatives of family A and B were studied on
3 days cultures of peripheral blood lym-

Family A
(782 /EcoR1)
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phocytes by adding ethidium bromide
(10ug/ml) for lhr prior to harvest. The
chromosomes were High Resolution GTG
banded. The pregant women requested
prenatal

diagnosis, ammiotic fluid cells cultured at
20 and 125 weeks of gestation were
analyzed cytogenetically.

3. Molecular analysis

DNA was extracted and purified from
leukocytes in heparinized blood and amniotic
fluid by the method described by Blin and
Stafford(1976). The genomic DNA obtained
(5ug) was then digested by appropriate
restriction enzymes, and the DNA fragments
were separated by electrophoresis on a 0.7%
agarose gel in TE buffer(0.04M Tris acetate
containing 1 mM EDTA, PHR0) (Fig. 1) and

Family B
(J66/Pstl)

ADNA
Hind N

el

phpb

Fig. 1. The DNA fragments were separated by electrophoresis on a 0.7% agarose gel in TE bt.ﬂer :
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transferred onto a nitrocellulose membrane
filter (Membrane filter BA85, Schieicher and
Schuell) by Southern blotting method.
Hybridization was performed with the nick
translated DNA probe(final specific activity
Ix108 cpm/ug) using Amersham Nick
Translation kit(Amercham) under the same
condition as described by Bakker et
al.(1985). After hybridization, the filter was
washed twice at 65°C in 2 X SSC(20X SSC:
3M NaCl, 0.3M Sodium Citrate) containing
01% SDS for 15min. The spots were
visuallized by autoradiography at -70C for
1-3days wusing Sakura X-ray films and
intensifying screens. The Hind I digests of
lambda phage DNA were as molecular size
markers. The following probes were used in
this study. DNA proves of Xp marker(Table
1) were kindly supplied by Dr. P. L.
Pearson(782, 99-6, J66, 754-11). Dr.L. Kunkel
(p ERT87-15) and Dr. R. G. Worton(XJ 1.1).
The cDNA probes 2b-3, 8were obtained
from the American Type Culture Collection
(Rockwille, M.D.).

ll. RESULTS

1. Chromosome analysis

Chromosome analysis of peripheral blood
and amniotic fluid specimen in family A and
B was carried out by the method of Hogge
et al. (1985) for analysis of culture cell. The
12 members of DMD families studied
showed normal X chromosome, where female
DMD (family B, I-2) showed 46X, -X, +t
(2X) (21.2:p21.2) (Fig. 2).
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2. Molecular analysis

The peripheral blood specimens were
obtained from various members of the 2
families including the affected individuals.
Confirmation of the fetus genotypes was
obtained with the DNA purified from
cultured amniocytes.

A. Analysis of Family A

The result of Southern hybridization
studies are shown in Figs. 3 and 4 The
RELPs for DNA probes on the short arm of
X chromosome among Japanese was
compiled from HGM9(Table 2).

1) The results of RELPs analysis with
DNA probes(782, 99-6, pERT®7-15) : To
perform detection of DMD, this study was
investigated RFLPs with 3 polymorphic
probes on the short arm of X-chromosome
for the basis of linkage analysis of X-linked
disorders in japan. In the results of RFLPs
analysis, the polymorphic bands for 782
probes after digestion with a restriction
enzyme EcoRI in family A were calculated
as 6kb(allele, A) and 8kb(allele, a). This
probe (782)was mapped on Xp 222-223.

The 99-6/Pst 1 polymorphism shown in
Figs. 3 and 4 was characterized by allelic
fragment of approximately 23kb(B) and
15kb(b). The mother(1-2) is heterozygous.
The daughter(II-3) is heterozygous. The
one son(Il-1) inherited the b allele. The
pERT87-15/Xmn I polymorphism was charac-
terized by allelic fragment of approximately
2.8kb(C), 16kb(c) and 1.2kb(c). The allelic
fragment of daughter(I1-3) was the same as
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Fig.2 . High-resolution GTG-banded sex chromosomes
Upper row showed normal X chromosome of DMD families.
Low row showed 46, X,-XH(2X) (q21. 1; p21.2) of female DMD (family B, -2

that mother. As described above, we have
also performed carrier detection of DMD by
linkage analysis using RFLPs. Especially,
molecular analysis of the second pregnancy’s
amniotic fluid specimen(lll-2) was showed
that the male embryo inherited the
grandfatherly derived chromosomal region,
and consequently would not be affected( >
99% certainty).

2) Analysis for molecular deletions

The recognition of a molecular deletion in
an affected individual means that specific
prenatal diagnosis is now feasible for
relatives regardless of pedigree structure.
Thus, while recognizing that this situation

will apply only to a minority at present, the

detection or exclusion of such deletions is
now first priority, since this will completely
determine the subsequent steps. Thus, in
this study, all individuals of family A carried
out deletion were identified by cDNA probe
3(Fig. 5).

This result clearly demonstrated carrier
status for the daughter(II-3), because the
fragment in detection of female carriers with
cDNA probe 8 was of two copy intensity
in I-2, O-3 and female control F. The
male fetus had inherited the same
grandfatherly, The predicted normal fetus
(M-2) did not carry the deletion.



Table 2. RELPs for DNA probes on the short arm of S chromosome

Probe Restriction enzyme Japanese precious reports *
Size(kb) frequency(n) Size(kb) Frequency{(n)
782 EcoR 1 16.0 0.35 140 0.60
80 0.65 (168) 7.0 0.40 (200)
9-6 Pstl 220 0.83 220 0.71
130 0.17 (162) 130 029 (26)
J66 Pstl 17 057 15 0.60
16 0.43 (158) 14 0.30
1.35 0.10 (29)
P20 EcoR 75 027 75 040
70 0.73 (26) 7.0 0.60 (30)
Msp I 68 063 68 0.60
35 0.37(52) 35 0.40 (30
21 0.39
1.8 0.61(28)
pERT 87-30 Bgl I 30.0 0.85 30.0 0.63
100 0.15 (84) 80 0.37
pERT 87-15 Xmn 1 2.8 055 2.8 0.32
16,1.2 0.45 (170) 16,12 0.68 (75)
Tag [ 33 0.07 33 033
31 0.93 (74) 31 0.67 (75)
pERT 87-8 Taq I 36 0.70 38 0.26
26,10 0.30 (114) 2711 0.74 (105)
pERT 87-1 Xmn 1 87 045 87 069
75 0.55 (187) 75 0.31(105)
BstN I 32 0.42 31 0.65
26,06 0.58 (142) 2.45,0.65 0.35 (105)
XJ1.1 Tag I 36 0.44 38 0.28
30 056 (80) 31 0.72 (130)
754-11 EcoR 1 42 0.77 42 084
24 0.23 (178) 24 0.16 (50)
L128 Tag T 120 0.59 12.0 0.68
9.0 0.41 (98) 9.0 0.32 (50)

*Data compiled from HGM9 (Cytogenetics and Cell GEnetics 1987 46:497-499).



el | AZHERIATIREIX], X7 12006 63

Family A
T 7o P 7o
Allele
A
a
782/EcoR1
B
b
Allele
c 2.8%0
c 1.6
-
< 1.2

PERT 87-15/XmnI

Fig. 3. Restriction fragment patiern of DNAs from 7 members of family A,

Alleles detected by the 3 polymorphic probes when DNA was
cut with the appropriate restriction enzyme.
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Fig. 4. DNA polymorphism study of family A
Each vertical row represented an Xp chromosome region and
each letter designated a different polymorphic DNA segment.

B. Analysis of Family B

1) The results of RELPs analysis with
DNA probes(Figs6 and 7) (J66, XJ~1.1, -and
754-11). Fig.12 was showed informative for
RELPs of family B detected by these probes.
In this study, when using J66 probe, Pst 1
digests of family B showed 1.7kb(allele, E)
and 16kb fragments(allele, e). The
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polymorphic bands for XJ-1.1/tag 1 in family
B were calculated as 36kb (allele, F) and
3.0kb (allele, f)

EcoRL fragment of 754-11 sequence had a
42%blallele, G) and 2.0kb (allele, g). As
described above, haplotype analysis showed
that affected male(11-2) had received from
his mother( I ~2), transmitted without app-
arent crossover. Therefore, his mothershould
be a carrier, and now his sister (II-1) also
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Fig. 5. Hind NI restriction fragment pattems documented in DNAs from family A
and control individuals with cDNA segment 8.
This fragments (black arrow)were of two copy intensity in 1-2, II-3 and female

control F.

should be a carrier. The fetus(Ill-1) showed
a male fetus by chromosome analysis and
the polymorphism pattern of fetus(I-1)
inherited the grandfatherly and consequently
would not be affected.

2) Analysis for molecular deletions

The result for detection of deletion with
the cDNA probe 8 and cDNA probe 2b-3
showed in figure 13 As indicated in figure
13 by solid arrows, the adjacent cDNA
probes 8 and 2b-3 discovered several
restriction fragments that were missing in
the DNA of the affected male(II-2) when
compared to the patterns of his family. This

deletion extending into two adjacent
fragments of the cDNA was interpreted to
represent the molecular basis of the DMD
phenotype in the affected male.

IV. DISCUSSION

New molecular developments in our
understanding of DMD are affected in the
practical approach to genetic counseling,
carrier detection, and prenatal prediction for
these disorders. Such an approach now
allows accurate carrier for most women at
detection for a proportion of carrier women.
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Fig. 6. Restriction fragment pattem of DNAs from 6 members of Family B Alleles detected
by the 3 polymorphic probes when DNA was cut with appropriate restriction enzyme.
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Fig. 7. DNA polymorphism study of family B
Each vertical row represented an Xp chromosome region and each
letter designated a different polymorphic DNA segment.

The established approach to genetic
counseling and carrier prediction for the
X-linked muscular dystrophies preformed by
the combined use of pedigree information
from the extended family and biochemical
information on the carrier status of female
development n molecular
genetics over the past 5 years initially the
accurate gene localization of DMD, and more

relatives. The

recently the detection of  specific
abnormalities at the DNA level, have been
proved of major practical as well as
theoretical importance and are rapidly finding
an integral place in clinical practice.

This article detected DMD and carrier
detection to reassess the approach to genetic
counseling of DMD patient and their
relatives. However, there are fundamental
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limitations and drawbacks in the molecular
methods. This study was confirmed by
high-resolution chromosome analysis and
Sothern hybridizaion analysis. The
availability of RELPs markers on the short
am of the X chromosome near DMD locus
greatly improved the reliability of carrier
detection and prenatal diagnosis of X-linked
muscular dystrophy (Bakker et al. 1985).
Representative data of chromosome analysis
in the family A and B were shown normal
X chromosome in the 12 family individuals
and female DMD (family B, I1-2) showed
46, X, -X, +t (2X) (q21.2; p21.2)

RELPs analysis was possible by the three
probes. In the family A, a daughter (II-3)

I-1
1-2
11-1
11-2
I1-

4
|
4
-t
Lo

cDNA 8

who has received haplotypes from her
mother and the fragment in detection of
fernale carriers with ¢cDNA probe 8 was of
two copy intensity in I-2, [I-3 and female
control F. This result clearly demonstrated
carriers status. Prenatal diagnosis of male
fetus inherited the grandfatherly derived
polymorphisms and would not be affected.
We decide to prolong pregnancy. In family B
reliable answered regarding carrier status
and DMD were obtained for individuals.
DNA polymorphism study of family B was
performed with J66 probe, XJ-11 and
754-11. Haplotype analysis showed affected
male (II-2) had received from his mother

(1-2), transmitted without apparent
—t
IR 2 T e }
et oy i ] i —t
& i ot ] el o N
P [ 4 F
l'le
10.5
7.3
N .6
L.
ENY ‘5
= - 3.7
Lot 1.7

¢DNA 2b-3

Fig. 13. The detection of deletion in affected male (11-2, family B
with cDNA segment 8 and cDNA segment 20-3
A : The deletion identified in [I-2 by the missing 12kb, 7.3, 66, 42 Hind I fragment.
B : The deletion identified in -2 by the missing 1.7kb Hind I fragment.
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crossover. Therefore, his mother should be a
carrier, and now pregnant woman( I -1) also
should be a carrier. The fetus(Il-1) showed
a male fetus by cytogenetic analysis. The
result for detection of deletion in affected
male and carrier DMD with ¢cDNA probe 8
2b-3 represented two copy intensity(black
arrow) in I1-2, II~1. We discovered several
restriction fragments that were missing in
the DNA of the affected male(II-2) with
cDNA probe 8, 2b-3. The deletion in DMD
gene did not occur randomly along cDNA
but most of them are detected with probe 8
and I-3 (Koening et al, 1987). ‘
The probes currently being used in DNA
diagnostic studies include closely linked
flanking markers(e.g. CX5.7, 754, C7, B24)
(Hofker et al, 1985, 1986; Camerino et al,
1984, Ray et al, 1985). Probes now known
to be intragenic were either derived from the
cloning of the chromosomal breakpoint
region from a t(X;21) translocation in a girl
affected with DMD (Ray et al, 1985) or
isolated by subtractive hybridization(e.g.
pERT®4, pERT87) (kunkel et al, 1985)using
DNA from a male with DMD and other
X-linked disorders. who had a cytogene-
tically visible deletion at Xp2l, or by
cloming of deletion endpoints(e.g. J-Bir)
(Monaco et al, 1987) which allowed
" Jumping”over unknown distances from the
pERT87 locus(Monacoet al, 1985) with
combinations of these flanking and intragenic
probes, genotype predictions can be made in
informative families with probabilities as
high as 92%. As the result of this study,
carrier detection and prenatal diagnostic
studies can be extremely accurate when a

CHS7 | RZ IS XIIDIRIS|X|, RN R s

deletion or any rearrangement is  detected.
Counseling issue will vary as each family is
independently evaluated. Counseling prior to
molecular studies should involved a
discussion of the molecular evaluation as an
evolving process. This process may require
re-evaluation with new techniques as they
become available so that a detectable defect
for the particular family would not be
overlooked.

V. SUMMARY

Many genes and phenotypes have been
mapped to the human X chromosome
because of their characteristic sex-linked
mode of inheritance in families. It has been
possible to construct a map spanning the
entire human X chromosome. Markers are
sufficiently well distributed along the
chromosome to enable the mapping of
almost any common sex-linked disorder.

In particular, some of these have ‘been
used for the development of markers for the
carrier detection and antenatal diagnosis of
Duchenne muscular dystrophy (DMD).

Molecular biological techniques have led to
the identification of the primary biochemical
defect in an important hereditary human
disease, DMD. The identification of this
defect was solely based on the chromosomal
location of the DMD locus. Deletion of part
or all of the DMD locus is one of the major
causes of DMD on the human population.

The purpose of the present study is to.
find out the genetic characteristics of DMD
by some biological methods such as family
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pedigree analysis, chromosome - analysis and
DNA analysis. and two pregnancies from
two different families were studied
prenatally.

The results obtained were as follows;
chromosome analysis of family A and B
showed normal X chromosome, and female

certainly). And this result clearly
demonstrated carrier status for the daughter
(family A,II-3)

because the fragment in the detection of
female carriers with ¢cDNA probe 8 was of
two copy intensity in I-2, II-3 and female
control F. In the family B, the fetus (II-1)

DMD (family B,1-2) showed 46X, -X, +t showed a male by cytogenetic analysis and
@2X) (@ 211, p 212). The result of the polymorphism pattern of fetus inherited
restriction fragment length polymorphisms the grandfatherly derived chromosomal
analysis with DNA probes, especially region and consequently would not be
molecular analysis of the second pregnancy’s affected. And the adjacent cDNA probes 8
anmiotic fluid specimen (family A, M-2) and 2b-3 discovered several restriction
showed the male embryo inherited the fragments that were missing in the DNA of
grandfatherly derived chromosornal region, the affected male (I1-2).

and consequently would not be affected(99%
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