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Laboratory and clinical features of 28 Duchenne muscular dystrophy patients were 

evaluated. Positive family history was present In only two cases (7.1%). Dystrophin 
(•positive fibers were present in 33 percent of the cases with the deletion close to 
the 5*  end of the gene. In the cases with deletion concerning the central part of the 

gene, all fibers were dystrophin («negative. In five of the six cases with short stature, 
the deletion was close to the 5*  end of the gene, and short stature was especially 
seen together with 8th and 13th exon deletion. Statistical analysis concerning the age 

at which the patient began to have difficulty in standing up and at which he could 
not walk, did not correlate with the clinical severity and deletion zone, location or 

extent Key words: Duchenne muscular dystrophy, Xp21 deletion, dystrophin, laboratory 
findings, clinical features.

Duchenne muscular dystrophy (DMD) is an X-linked recessive disorder 
transmitted by female carriers to their male offspring1'5. On rare occasions, it 
occurs in females2'4. It is well-known that deletions on the Xp21 chromosome 
result differently in the quality and quantity of dystrophin, leading to muscle 
weakness6'8. However, it has been shown that the presence of dystrophin-positive 
(+) fibers does not correlate with clinical severity9. Mental retardation (MR), 
cardiomyopathy (CMP), respiratory disorders and obesity are seen in some but 
not all cases of DMD2'3,10. Some DMD patients cannot walk at the age of seven, 
and others at 12 years of age3,10,11. Factors contributing to these different clinical 
pictures are being researched by several investigators.

This study was performed to shed light on the relationship between the clinical 
and laboratory findings and the location of the deletions.
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Material and Methods
The study was completed between January 1990 December 1993 and included 
28 patients diagnosed with DMD with Xp21 deletion found by DNA analysis. The 
patients' family histories were taken and a thorough physical examination 
performed. Short stature was identified as length below three percent of the value 
appropriate for age obesity was defined as weight above 20 percent of the value 
appropriate for length12,13. The total muscle strength score (TMSS) was calculated 
according to the guidelines of the Medical Research Center (MRC)14. Intelligence 
tests were given to the patients, their IQ levels were determined and MR was 
scored15. The presence of cardiomyopathy (CMP) was determined according to 
the findings of cardiologic examination, radiography, electrocardiography (EKG) 
and echocardiography. Left ventricle functions were evaluated by ejection fraction 
(EF) and contraction fraction (CF)16,17. Tests for respiratory functions were 
performed, and vital capacity (VC) as a representative was measured18’20.

Histopathologic evaluation included immunohistochemical study of open biopsy 
samples by using dystrophin I (mid-rod domain), dystrophin II (carboxyl terminal) 
and dystrophin III (amino terminal) antibodies, and the ratio of dystrophin-positive 
(Dys(+)], partially positive (±) and negative (-) fibers were calculated.

Patient DNAs were amplified by multiplex polymerase chain reaction (PCR). Deletion 
analysis was performed by using the 9-exon multiplex primer PCR set (4, 8, 12, 
17, 19, 44, 45, 48, 51 exons) and 5-exon multiplex PCR set (Pm, 13, 43, 50, 
52 exons)21,22. The exact deletion extent was able to be determined in 13 cases.

Statistical analysis was done by SPSS for Windows V5.01.

Results
In this study, the mean age was 115.6 ± 42.1 months, with a range of 33 to 220 
months. Positive family history was detected in two patients (7.1%) whose uncles 
had DMD. Family history was negative in the majority of cases (26 out of 28,92.9%). 
Nine patients (32.1%) were obese and six of them could not walk. Six patients 
(21.4%) had short stature. Intelligence tests were given to 24 of the 28 patients, 
of whom 11 (45.8%) had normal or high and 13 (54.2%) had low IQ levels. Respiratory 
function tests were performed in 16 cases, and five of them (31.3%) had VC with 
predicted values below 80 percent. Overall, 14 patients (50%) had CMP, and two 
(7.1%) had left ventricle dysfunction. Nineteen patients (67.9%) began to have 
difficulty in standing before four years of age, and nine patients (32.1%) after that 
age. Thirteen patients could not walk, and this symptom occurred before nine years 
of age in seven of them (53.9%) and after nine years of age in six of them (46.2%). 

Dys I (+) fibers were present in three (10.7%), Dys I (±) in five (17.9%), Dys III (+) 
in four (14.3%) and Dys III (±) in two (7.1%) cases. Dys II was negative in all cases.



Location of Xp21 Deletion in DMD 319Volume 39
Number 3

Deletions found in our cases were focused in two regions of the dystrophin 
gene: 4-19 exons zone and 45-52 exons zone (Table I). In nine cases (32.1%), 
deletions were close to the 5' end (4-19 exons) and in 18 cases (64.3%) close 
to the 3' end (45-52 exons). One case had a large deletion beginning from the 
5' end and extending to the central zone (4-44 exons). The most frequently 
deleted exons were the 47th, 48th and 49th exons, detected in eight cases (28.6%). 
Deletion of the 8th exon was seen in seven cases (25%).

Table I: Deleted Zones and Extent of Deletion in 28 DMD Patients .

Case 
No.

Deletion
Detected

Exact Extent 
of Deletion

Case 
No.

Deletion
Detected

Exact Extent 
of Deletion

1 8-13 15 45-50 45-50
2 8-13 16 48-50
3 13-19 17 45 45
4 13-19 18 45-52 45-52
5 8 19 47
6 8 20 46-47 46-47
7 50-52 50-52 21 48-52
8 45-50 22 47-48 47-48
9 46-47 46-47 23 45 45

10 45-50 45-50 24 48
11 19 25 51 51
12 51-52 26 50 50
13 48 48 27 8
14 51 51 28 4-44

There was no correlation between the extent of deletion and other parameters 
[TMSS, EF, CF, VC pred %, IQ levels and Dys I, III (+) or (±) fiber ratios] (Table II). 
However, when the location of the deletion was taken into account, the ratio of 
Dys I (+) fibers was significantly different in the two groups (p < 0.002). The 
results of other laboratory findings did not differ significantly (Table II). Another 
interesting observation concerning the location of the deletion was that five of 
the six (83.3%) short patients had a deletion close to the 5' end (4-19 
exons zone), especially in the 8lh and 13th exons (Table III).

Walking capability is such an important parameter that it is included in the 
diagnostic criteria23. Hence, the relationship between the location of the deletion 
and the age at which the patient could not walk was analyzed by a more detailed 
(x2 test) analysis (Table IV), and no correlation was found.

Figure 1 depicts a graph of the relationship between age and walking capability. 
The aim was to show that the deleted zone has no effect on the age at which 
the patient could not walk, and to reveal the possible walking ability of a DMD 
patient at a proposed age.
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Table II: Correlation Between Deleted Zones and Selected Clinical and 
Laboratory Findings (Covariant Analysis)

4-19 Exons Deletion 45-52 Exons Deletion

Age

P* 
Deletion 
GroupsMean

Corrected 
Mean Mean

Corrected 
Mean

Number of cases 9 18
Age (months) 101.2 ±49.9 — 121.6 ±38.3 — — 0.25
TMSS 54.4 ±21.8 52.2 50.7 ± 12.9 52.9 0.001 0.84
EF 66.8 ± 8.0 66.4 63.6 ± 6.8 64.0 0.23 0.44
CF 36.4 ± 6.0 36.2 34.9 ± 6.3 35.2 0.42 0.70
Dystrophin I (+) % 0.17 ±0.25 0.18 — — 0.06 0.002
Dystrophin I (±) % 1.17 ± 1.95 1.19 1.00 ±4.00 0.98 0.91 0.89
Dystrophin III (+) % — — 0.42 ±0.91 0.44 0.60 0.17
Dystrophin III (±) % — — 1.17 ±4.71 1.28 0.54 0.40
IQ 84.6 ± 14.8 84.2 84.8 ±20.1 85.2 0.53 0.91

* The difference is significant if p < 0.05 
CF : Contraction fraction
EF : Ejection fraction
TMSS: Total muscle strength score

Table III: Statistical Comparison (p values) of the Frequencies of Signs and 
Symptoms in the Presence and Absence of Different Exon Deletions 

(x2 Analysis)

Symptoms and Findings

Deletion Zone
Deleted Exon

Difficulty in Standing
Before 4 Years

Short 
MR CMP VC < 80% Obesity Stature

Deletion zone 0.61 0.68 0.72 0.64 0.22 0.008
4-19/45-52
Deleted 8th exon 0.78 0.23 0.46 0.56 0.69 0.02
Deleted 13th exon — 0.23 0.55 0.36 0.45 0.05
Deleted 45th exon 0.51 0.22 0.36 0.48 0.21 0.62
Deleted 47th exon 0.29 0.58 0.62 0.38 0.59 0.43
Deleted 48lh exon 0.44 0.55 0.73 0.52 0.59 0.43
Deleted 49lh exon — 0.42 0.66 0.92 0.57 0.62
Deleted 50th exon 0.44 0.62 0.39 0.73 0.59 0.43
Deleted 51st exon — 0.12 0.42 0.32 0.43 0.62
Deleted 52nd exon — 0.37 0.44 0.18 0.24 0.64

MR : Mental retardation 
CMP : Cardiomyopathy 
VC : Vital capacity
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Table IV: Cox Regression Model Where Age and Deleted Exon or Exon Zone are 
Covariates, and Age at Which the Patient cannot Walk is Independent Variable (*)
Deleted Zone
Deleted Exon

Effect of Deletion 
Zone (p)

Effect of 
Age (p)

Relative 
Risk

95% Confidence Limits 
of Relative Risk

4-19/45-52 0.99 0.40 1.01 
45-52-4-19

0.26 3.91

8th exon 0.91 0.46 0.92 0.24 3.49
45lh exon 0.83 0.44 0.87 0.25 3.03
47th exon 0.47 0.61 0.60 0.15 2.42
48lh exon 0.49 0.62 0.62 0.16 2.42
50th exon 0.52 0.48 1.49 0.44 5.07
* 2nd column shows p values representing the relation between deletion zone and age at which 

the patient could not walk; 3rd column shows p values representing the relation between the 
present age of the patient and the age he could not walk.

Fig. 1: Graph showing the relationship between age and walking ability in 
patients with deletions of 4-19 and 45-52 exons.

Discussion
In one-third of the DMD cases, there was a positive family history; another one- 
third were offspring of possible mutant carriers not diagnosed earlier, while the 
remainder were due to new mutations2,516. In our study group, a positive family 
history was present only in 7.1 percent of cases.
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There was no difference in TMSS, EF, KF, IQ, Dys I (±) or Dys III (+) or (±) 
fiber ratios between the groups with 4-19 exons deletion and 45-52 exons 
deletions (Table II). On the other hand, three of nine cases (33.3%) with the 
deletion close to the 5' end (4-19 exons) had Dys I (+) fibers, in contrast to 
all cases with central exon deletions and Dys (-) fibers (Table II).

In our group, the location of the deletions or certain deleted exons did not affect 
the presence of MR, CMP, obesity or disturbances in VC (Table III). Hodgson24 
found that IQ levels were normal in seven of the 12 DMD patients and abnormal 
in the remaining five cases (41.7%). However, in the series of Rappaport et 
al.25, the MR rate was much higher. Among the 27 cases in their group, 19 
(70.4%) patients were mentally retarded.

In our study group, five out of six patients with short stature (83.3%) had a 
deletion close to the 5' end, especially deleted 8lh and 13th exons (Table III). 
No correlation was found between short stature and the location of the deletion 
by Hodgson et al.26.

Since 1988, studies have focused on mapping of the dystrophin gene in order 
to formulize the suggestion that deletions of certain regions of the gene lead to 
a certain clinical severity of DMD or Becker muscular dystrophy (BMD)27,28’30. 
Medori et al.28 reported that 8 of 11 mild DMD cases had deletions of the 5' end, 
and that none of the classical DMD cases had similar deletions. There have been 
further studies showing the regions responsible for BMD and DMD26,2B. Read et 
al.30 tried to define specific deletions for BMD and DMD. However, there are several 
reports showing no correlation between the clinical severity and the location extent 
of the deletion31,32'34. Similar results were achieved in our study with the detailed 
statistical analysis, using age at the onset of walking and standing disturbances 
as a parameter of clinical severity (Tables lll-IV, Fig. 1).
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