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Clinical, Immunohistochemical, and Genetic Analysis in Dystrophinopathy
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Background: Dystrophin deficient muscular dystrophies (dystrophinopathies) are the most common form of muscular
dystrophy with variable clinical phenotypes from the severe Duchenne to the milder Becker forms (DMD/BMD).
Dystrophinopathies are X-linked recessive diseases caused by the mutation of the dystrophin gene. Western blot and
immunohistochemical staining for dystrophin, and exon deletion analysis by multiplex polymerase chain reaction (PCR)
are important diagnostic tools. We investigated the relationship between the clinical characteristics, immunohistochemistry
for dystrophin, and the pattern of exon deletions in patients with dystrophinopathy. Methods: We reviewed the clinical
and laboratory findings of 35 male patients diagnosed as DMD/BMD. Genomic DNA of the 35 patient was analyzed by
multiplex PCR using 19 primer sets of dystrophin gene. Immunohistochemistry for dystrophin of muscle biopsy tissue was
performed in all cases. Results: The mean age of symptom onset in 35 patients was 4.6+2.7 years [range, 2-15 years].
Twenty-four of 35 (68.6%) patients showed complete loss (C-, Rod-, N terminal), and 11 of 35 (31.4%) patient showed
incomplete loss of dystrophin in immunohistochemistry. Of the 35 patients, 20 had deletions (57%) by multiplex PCR
analysis. Sixteen of 20 patients (80%) had exon deletions between exon 45 and 52. Conclusions: Immunohistochemistry
of biopsied muscle specimen is an important diagnostic method for expression and localization of dystrophin. The exon
deletion analysis by multiplex PCR using peripheral blood is also a simple and useful test for the diagnosis of
dystrophinopathies, although it has limited sensitivity.
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Table 1. Clinical characteristics of 35 patients with dystrophinopathy
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Distribution of muscle weakness

Patient  Sex Aognese(t)f Onset U/Ex L/Ex BKG Cognitiye Calf muscle Serum CK F/Hx
No. Jage Sx  Face Neck dysfunction  hypertrophy  level(IU/L)
(yrs) prox. distal  prox. distal
1 M/6 3 G 5 5 4 5 4 5 WNL 1Q 91 + 18580 +
2 M2 I I 5 5 5 5 5 5 ND ND + 38200 +
3 M/8 4 G 5 5 4 5 4 4+ RVH 1Q 112 + 13870 -
4 M/8 6 G 5 5 5 5 4+ 5 WNL ND + 10490 -
5 M/5 4 G 5 5 4 5 4 5 WNL 1Q 77 + 43044 +
6 M/8 7 R 5 5 4+ 5 4+ 5 WNL ND - 11870 +
7 M/13 3 R 4 4 4+ 4+ 4 4+ RBBB 1Q 95 - 1147 -
8 M2 I I 5 5 5 5 5 5 ND ND + 21500
9 M/2 I I 5 5 5 5 5 5 ND ND + 16130 -
10 M/7 3 R 5 5 4+ 5 4 4+  WNL ND + 17260 -
11 M/7 7 R 5 5 5 5 4 5 WNL 1Q 60 + 11860 -
12 M/9 5 G 5 5 4+ 5 4 4+ RVH ND + 10113 +
13 M/9 5 R 5 5 4+ 4+ 4 4 WNL ND + 4760 -
14 M/8 6 G 5 5 5 5 4+ 5 WNL 1Q 113 + 2340 -
15 M/17 6 R 5 5 4+ 5 4 4+ RVH ND + 5780 -
16 M/8 4 R 5 5 4+ 5 4 5 WNL ND + 20800 -
17 M/7 5 G 5 5 5 5 4 5 WNL IQ 92 + 17350 +
18 M/5 4 R 5 5 5 5 4+ 5 WNL 1Q 87 + 10580 +
19 M/3 I I 5 5 5 5 5 5 ND ND + 21360 -
20 M/4 2 R 5 5 5 5 4 5 WNL ND + 28980 -
21 M/3 I I 5 5 5 5 5 5 ND ND + 7873 -
22 M/18 15 R 5 5 4+ 5 4 5 WNL ND + 848 -
23 M/1 I I 5 5 5 5 5 5 ND ND + 5147 -
24 M/4 2 R 5 5 5 5 4+ 5 ND 1Q 96 + 9355 -
25 M/4 2 R 5 5 5 5 4+ 5 ND 1Q 93 + 19370 -
26 M/14 9 R 5 5 4+ 5 4 4+ LVH ND + 5384 -
27 M/3 3 R 5 5 5 5 4+ 5 ND ND + 12684 -
28 M/9 4 G 5 5 4 5 4 4+ WNL 1Q 30 + 19580 -
29 M/3 2 R 5 5 5 5 4+ 5 ND ND + 21380 -
30 M/9 2 R 5 5 4+ 5 4+ 5 ND 1Q 87 + 179 -
31 M/8 3 R 5 5 4 5 4 4+ LVH ND + 11600 -
32 M/23 2 R 4 4 4 4+ 3 WNL ND - 192 -
33 M/7 5 R 5 5 5 4+ 5 RVH 1Q 52 + 12575 -
34 M/8 4 G 5 5 44+ 4+ 4 4+ WNL 1Q 86 + 1820 -
35 M/24 7 G 5 5 4+ 4+ 4 4 RBBB ND - 181 -

R; difficulty in rising from the floor, G; waddling gait or frequent fall, ND; not done, WNL; within normal limit, I; incidental, U/Ex; upper

extremities, L/Ex; lower extremities, prox.; proximal
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Table 2. Histopathologic findings of muscle biopsy in 35
patients with dystrophinopathies

Muscle fiber
Small angulated 0 (0%)
Atrophic 9/35 (26%)
Atrophic 26/35 (74%)

Internal nuclei 29/35 (83%)

Degeneration
Necrosis 32/35 (91%)

28/35 (80%)
33/35 (94%)

Phagocytosis
Regeneration fiber

Cellular response
7/35 (20%)
30/35 (86%)

Inflammatory
Fibrosis

Architectural change
Target fiber
Targetoid fiber
Moth-eaten fiber
Ring fiber

S O O O

Figure 1. Muscle biopsy findings. Hematoxylin-
eosin (A) and modified Gomori trichrome
stain (B) in dystrophinopathy shows fiber
size variation, increased internal nuclei,
degenerating fibers, and regenerating fibers.
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Figure 2. The immunohistochemical staining
of muscle specimen for dystrophin. Normal
immunoreactivity against DY1 (B), DY2 (A),
and DY3 (C) were noted in normal control.
However, complete negative immunoreactivity
against DY1 (E), DY2 (D), DY3 (F) and
incomplete/partial immunoreactivity —against
DY1 (H), DY2 (G), DY3 (I) were noted in
dystrophinopathy.
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Table 3. Immunohistochemistry and exon deletion patterns in 35 patients with dystrophinopathies

Dystrophin staining

Patient No. Sex/age Age of onset (year) N-terminal . C-terminal Exon delection
Rod-domain

1 M/6 3 CN CN CN 45

2 M2 I CN CN CN 45

3 M/8 4 CN CN CN 45,4748

4 M/8 6 CN CN CN 50,51,52

5 M/5 4 CN CN CN 13,17,19,30

6 M/8 7 IP CN IP 34

7 M/13 3 CN CN CN 48,49,50,51,52

8 M2 I CN CN CN no

9 M/2 I IP CN IP no

10 M/7 3 CN CN CN 47,48,49,50,51,52

10 M/7 7 CN CN CN 51

12 M/9 5 CN CN CN no

13 M/9 5 CN CN CN no

14 M/8 6 NL IP IP 45,47,48,49,50

15 M/17 6 NL IP IP no

16 M/8 4 CN CN CN 47,48,49,50

17 M/7 5 CN CN CN no

18 M/5 4 CN CN CN no

19 M/3 I CN CN CN 51

20 M/4 2 CN CN CN no

21 M/3 I IP IP CN no

21 M/3 I P IP CN no

22 M/18 15 [P CN CN 4547

23 M/1 I CN CN CN 8

24 M/4 2 CN CN CN no

25 M/4 2 CN CN CN 47

26 M/14 9 IP IP IP no

27 M/3 3 CN CN CN 45

28 M/9 4 CN CN CN 45,47,48,49,50

29 M/3 2 IP CN CN no

30 M/9 2 P IP P no

31 M/8 3 CN CN CN no

32 M/23 2 IP IP IP no

33 M/7 5 CN CN CN 45,47,48,49,50,51,52

34 M/8 4 CN CN CN 3

35 M/24 7 IP IP NL 45,4748

CN; complete negative, IP; incomplete/partial, NL; normal, I; incidental

Table 4. Comparison with clinical characteristics between patients with complete negative and incomplete/partial dystrophin staining

Patient number (%) CN staining, n=24 (68.6%) IP staing, n=11 (31.4%) Total, n=35 (100%)
Mean age of onset (range, yrs) 3.9 (2-15) 6.2 (2-7) 4.6 (2-15)
Mean CK level (range, TU/L) 15918 (1147-43044) 6569 (179-21380) 12976 (179-43044)
Hypertrophy of calf muscle 23/24 (95.8%) 9/11 (81.8%) 32/35 (91.4%)
Exon deletion (multiplex PCR) 16/24 (66.7%) 4/11 (36.4%) 20/35 (57.1%)

CN; complete negative, IP; incomplete/partial, CK; creatine kinase
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