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Chapterr 3 

Abstract t 

Thiss cross-sectional study among a population of definite carriers of Duchenne 
(DMD)) and Becker muscular dystrophy (BMD) investigated associations between 
clinicall  phenotype (muscle weakness, dilated cardiomyopathy) and abnormalities 
off  dystrophin in muscle tissue assessed by immunohistochemistry and Western blot 
analysis.. In addition, the value of dystrophin analysis for carrier detection was 
examined.. Fifty carriers underwent a muscle biopsy: 17 with muscle weakness, five 
withh dilated cardiomyopathy, five with cramps and 23 asymptomatic carriers. In 16 
carrierss (32%) dystrophin abnormalities (immunohistochemistry or Western blot) 
weree detected (9 DMD, 7 BMD): five with muscle weakness, two with cramps and 
ninee asymptomatic carriers. Immunohistochemistry was abnormal in ten carriers 
(20%):: three carriers with muscle weakness, one carrier with cramps and six 
asymptomaticc carriers. No association was found between dystrophin abnormali-
tiess and muscle weakness or dilated cardiomyopathy. 
Inn conclusion, dystrophin analysis is not a reliable diagnostic test for symptomatic 
carriers:: even in carriers with muscle weakness immunohistochemistry is most 
oftenn normal. Since immunohistochemical dystrophin staining reveals dystrophin-
negativee fibers in 26% of asymptomatic carriers, this might be used in females with 
aa positive family history for DMD/BMD where mutation- or linkage analysis is not 
feasible. . 
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Introduction n 

Dystrophinn is the protein product of the dystrophin gene and is localised under-
neathh the muscle plasma membrane. ' Patients with Duchenne muscular dystro-
phyy (DMD) have less than 5% of dystrophin and Becker muscular dystrophy 
(BMD)) patients may show an abnormally sized and/or reduced amount of dystro-
phinn protein. Symptomatic and asymptomatic carriers of the mutated dystrophin 
genee may show a mosaic pattern of dystrophin-positive and dystrophin-negative 
musclee fibers on immunostaining.' " In isolated cases (without a family history of 
DMDD or BMD) of symptomatic carriers an association between the proportion of 
dystrophinn negative fibers and clinical phenotype or serum creatine kinase (SCK) 
activityy ' was found by some, but not by others. ' BMD carriers may have ab-
normallyy sized proteins and a reduced amount of dystrophin on Western blot. On 
immunohistochemistryy faintly positive, disrupted staining can be found. n,9° 
Sincee the usefulness of muscle biopsies, including immunohistochemical and 
immunobiochemicall  analysis of dystrophin, in carrier detection has not been 
systematicallyy investigated, we conducted a collaborative study in a population of 
definitee BMD/DMD carriers. The objectives of the study were: (1) assessment of 
associationss between clinical parameters (muscle weakness and/or cardiac abnor-
malities)) and abnormalities of dystrophin protein; (2) to test the predictive value of 
dystrophinn analysis for carrier detection. 

Patientss and methods 

Carrierss of DMD and BMD were traced through the files at the department of 
Humann Genetics, University of Leiden, where all families affected with DMD and 
BMDD have been registered since 1982. Carriers were considered to be definite 
when:: (1) they were obligate carriers after pedigree analysis (definite X-linked 
transmission);; (2) a mutation in the dystrophin gene was found; (3) linkage analy-
siss revealed a chance of more than 99 % for carriership. 
Wee did not enroll sporadic (isolated) manifesting carriers in our study. This would 
havee introduced a selection bias, since one might expect that in absence of a family 
historyy of DMD/BMD symptoms and signs have to be pronounced in order to be 
recognised. . 
Alll  carriers were contacted by the clinical geneticist whom had given genetic coun-
selling.. Only carriers in the age of 18-60 years were invited, because muscle strength 
iss more or less constant in healthy controls in this age group. Severe co-morbidity 
wass reason for exclusion. All carriers who agreed to participate in the study were 
examinedd by the first author (EMH). 
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Investigationss included full medical history, neurological examination, muscle 
strengthh assessment by manual muscle testing with the use of the MRC-scale49, 
hand-heldd dynamometry and a cardiological work-up consisting of electro-
cardiographyy and echocardiography to assess dilated cardiomyopathy (DCM). 
DCMM was defined by a dilated left ventricle corrected for body surface area and 
impairedd systolic function on echocardiographic examination. ' 
Thee following categories of carriers were distinguished: (1) carriers with no history 
off  frequent muscle pain, cramps and no muscle weakness or DCM; (2) carriers with 
regularr muscle cramps and pains, affecting daily life activities, but without apparent 
musclee weakness; (3) carriers with muscle weakness in at least one muscle group as 
establishedd by hand-held dynamometry, but not by manual muscle testing (mild 
weakness);; (4) carriers with muscle weakness in at least one muscle group estab-
lishedd both with manual muscle testing and hand-held dynamometry: moderate 
(MRCC = 4) or severe (MRC< 4) weakness; (5) carriers with DCM. We designated 
groupss (3), (4), (5) as symptomatic carriers. 
Thee results of assessment of muscle weakness and cardiac abnormalities have been 
describedd in two other reports.91'92 

AA needle biopsy sample was taken from the left vastus lateralis muscle from each 
symptomaticc carrier (muscle weakness or dilated cardiomyopathy), each carrier 
withh frequent exertion dependent myalgia/cramps and a random sample of asymp-
tomaticc carriers: after a symptomatic carrier was found, the next asymptomatic 
carrierr enrolled in the study was asked to undergo a muscle biopsy. All muscle 
biopsiess were frozen in liquid nitrogen and stored at -80 °C until use. 
Too assess muscle histology the following stains were used:: hematoxylin and eosin, 
Gomori,, ATP- ase pH 4.3 and acid phosphatase. Muscle pathology was evaluated 
byy the last author (MdV) and scored semi quantitatively as absent, slight, moderate 
orr severe. 
Seriall  cryostat sections of 50 muscle specimens of obligate DMD/BMD carriers 
weree studied for dystrophin and spectrin expression by the second author (HBG). 
Thee following antibodies were used against dystrophin: NCL-DYS1/2/3 (Novocas-
tra)) and Mandysl08 ' and beta-spectrin (NCL-SPEC1 from Novocastra). To 
detectt the binding of the specific antibodies with these proteins the indirect horse-
radishh peroxidase technique was applied. The unfixed cryostat sections were 
pre-incubatedd with TENG-T (10 mM Tris, 5 mM EDTA, 150 mM NaCl, 0.25% 
gelatin,, 0.05% Tween-20, pH=8.0) for 30 minutes to reduce non-specific binding. 
Uponn incubation of the pretreated tissue sections with the primary antibodies the 
subsequentt detection involved binding with a peroxidase-conjugated second anti-
body,, i.e. rabbit anti-mouse Ig (DAKO P260). Sera were diluted in PBS. All incuba-
tionss were followed by three washes in PBS for 5 minutes. The immunocomplex 
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formationn was visualized by incubating the sections in 0.5 mg/ml 3.3 diaminoben-
zidine,, 0.01% hydrogen peroxidase, 30 mM imidazole, 1 mM EDTA (pH=7.0). 
Sectionss were mounted in Entellan (Merck, Germany). 
Immunoblott detection of dystrophin was done as reported by Nicholson et al. 
Westernn blots were incubated with P20 AB.1 The amount of dystrophin was 
visuallyy estimated from blots both in DMD and BMD carriers. 
SCKK activity (upper reference limit: 193 U/l) was measured at 37°C by the method 
proposedd by the International Federation of Clinical Chemistry. We analysed 
possiblee associations between variables with Chi-square tests or Fischer exact tests 
andd we used t tests to compare means of SCK activity. 
Thee study has been approved by the Medical Ethical Committee of the Academic 
Medicall  Centre in Amsterdam. Each carrier only participated after informed con-
sentt had been given. 

Tablee 1 Distribution of muscle biopsies amongst clinical phenotypes in 129 DMD 

andand BMD carriers 

Clinicall Group 

Noo symptoms /signs 

Myalgiaa / cramps 

Musclee weakness3 

Mikt Mikt 
Moderat/ Moderat/ 

Dilatedd cardiomyopathy 

D M D D 

59 9 

4 4 

16 6 

8 8 

8 8 

6 6 

85 5 

biopsies s 

17 7 

3 3 

13a a 

6 6 

7 7 

5 5 

38 8 

BMD D 

36 6 

2 2 

6 6 

2 2 

4 4 

0 0 

44 4 

biopsies s 

6 6 

2 2 

4 4 

1 1 

3 3 

12 2 

Total l 

95 5 

6 6 

22 2 

10 10 

12 12 

6 6 

129 9 

biopsies s 

23 3 

5 5 

17 7 

7 7 

10 10 

5 5 

50 0 
aOnee carrier with mild weakness also had DCM; Measured only with hand-held dyna-

mometry;cMeasuredd with manual muscle testing and hand-held dynamometry 

Results s 

Hundred-twentyy nine definite carriers, originating from 74 different families, 
participatedd in the study. Mean age of participants was 36.9 years (range 18-58; 
mediann 36; SD 9.5). Twenty-two carriers had muscle weakness, one in concomitant 
presencee of dilated cardiomyopathy (DCM). Additionally, 6 carriers had DCM and 
66 carriers complained about frequent myalgia/ cramps (table 1). ' These 34 carri-
erss were considered for needle muscle biopsy, as were 27 asymptomatic carriers. 
Elevenn muscle biopsy specimens were not taken: two carriers used acenocoumarol 
derivates,, three refused the biopsy, one woman fainted during blood collection and 
wass therefore excluded, one carrier with DCM was only recognised as such during 
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dataa collection, in four cases only fat tissue was sampled. Totally, 50 biopsies (DMD 
38,, BMD 12) were available for analysis (table 1), 22 from symptomatic carriers 
(DMDD 18, BMD 4), 5 carriers with exertion dependent myalgia/cramps (DMD 3, 
BMDD 2), 23 from asymptomatic carriers (DMD 17, BMD 6). 

HistopathologicalHistopathological findings 
Inn 22 carriers (44%) one or more abnormalities were found (table 2). Most of them 
hadd only slight abnormalities, in one DMD carrier changes of moderate severity 
weree found. No association was found between histopathological changes and 
musclee weakness, DCM, SCK activity, dystrophin abnormalities or age. 

Tablee 2 Histopathological findings in 50 muscle biopsies of DMD and BMD carriers 

abnormalities s 

fibree size variation 

internall nuclei 

necroticc fibers 

regeneratingg fibers 

mononuclearr infiltrates 

fibrouss tissue increased 

typee 1 fibre predominance 

splitt fibres 

raggedd red fibres 

'boiledd egg' phenomenon 

acidd phosphatase increased 

DMDD (38) 

n n 

16 6 

12 2 

9 9 

2 2 

1 1 

2 2 

2 2 

1 1 

2 2 

1 1 

1 1 

0 0 

% % 
42.1 1 

31.6 6 

23.7 7 

5.3 3 

2.6 6 

5.3 3 

5.3 3 

2.6 6 

5.3 3 

2.6 6 

2.6 6 

BMDD (12) 

n n 

5 5 

1 1 

4 4 

0 0 

1 1 

0 0 

0 0 

1 1 

0 0 

0 0 

0 0 

1 1 

% % 
41.7 7 

8.3 3 

33.3 3 

8.3 3 

8.3 3 

8.3 3 

Totall (50) 

n n 

21 1 

13 3 

13 3 

2 2 

2 2 

2 2 

2 2 

2 2 

2 2 

1 1 

1 1 

1 1 

% % 
42 2 

26 6 

26 6 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

2 2 

2 2 

2 2 

DystrophinDystrophin analysis 
Inn 16 carriers (32%) dystrophin abnormalities of some sort were detected (table 3). 
Sevenn of 12 BMD carriers (58%) and nine out of 38 DMD carriers (24%) had 
dystrophinn changes (p = 0.025). Five carriers with DCM had no abnormalities. In 
onlyy five carriers with muscle weakness (29%) abnormalities were seen. We found 
noo associations between dystrophin abnormalities and (degree of) muscle weakness 
orr SCK activity. 
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Immunohistochemistry Immunohistochemistry 
Tenn cases (9 DMD and 1BMD) had dystrophin abnormalities visible on immuno-
histochemicall  stains (table 3 and 4). Five DMD carriers had a mosaic pattern of 
dystrophinn positive and dystrophin negative fibers (figure 1, number A,B,C), 
includingg two carriers with muscle weakness, two asymptomatic carriers and one 
carrierr with exertion dependent cramps. In four DMD carriers only sporadic dys-
trophinn negative fibers were seen (not shown). Six asymptomatic carriers (26%) 
hadd abnormal immunohistochemical stains. One BMD carrier with muscle weak-
nesss had a mosaic pattern with normal and faintly positive staining fibers and a 
reducedd amount of dystrophin on Western blot (figure 2, lane 12; figure 1, number 
D).. Mean SCK activity in carriers with a mosaic pattern was higher than in carriers 
withh a normal dystrophin pattern (747 vs 270 U/l; p = 0.002). 

ItnItn m unobiochemistry 
Westernn blot showed a reduced intensity in five DMD carriers, all of whom had 
abnormall  immunohistochemistry (e.g. figure 2, lane 10). Three BMD carriers had 
ann abnormally sized protein (table 3). In two cousins, one with and one without 
musclee weakness, next to the normal 427 kDa protein a larger protein band was 
foundd (figure 2, lanes 2 and 4). This was compatible with the duplication of exons 
16-344 in these carriers. In an asymptomatic BMD carrier with a deletion of exons 
45-555 a smaller protein was observed next to the full-size dystrophin (figure 2, lane 
6).. Three BMD carriers (one with andd one without muscle weakness, and one with 
cramps)) had a reduced amount of dystrophin as the only established abnormality 
(figuree 2, lane 8). 

Discussion n 

Wee have carried out a cross-sectional study among definite carriers of Duchenne 
andd Becker muscular dystrophy. In earlier reports we have described the propor-
tionn and clinical spectrum of symptomatic carriers in a population of definite 
carrierss between eighteen and sixty years in The Netherlands.91'92 This has been the 
largestt prospective study among definite carriers in whom both muscle weakness 
andd cardiac symptoms were assessed. Approximately 80% of all symptomatic 
carrierss identified in our study underwent a needle muscle biopsy. Earlier dystro-
phinn studies have shown that a mosaic dystrophin pattern can be found in DMD 
andd BMD carriers  i n particular in the presence of muscle weakness 
80,81,83,899 , , . i i - » 4,83,85,96,97 T ^ , . 

orr when carriers were younger than 13 years. In some studies, in 
adultt asymptomatic carriers dystrophin negative fibers were found. 
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Tablee 3 Distribution of dystrophin abnormalities in 50 muscle biopsies of DMD and 

BMDBMD carriers 

DMDD carriers 

total l 

asym
ptom

atic c 

cram
ps/m

yalgia a 

D
C

M
 M

 

m
usclee w

eakness 

o o 
öb b 

'c c 

D
 D

 

numberr of carriers 13 5 3 17 38 

Alll abnormalities 2 0 1 6 9 

ImmunohistochemistryImmunohistochemistry 2 0 1 6 9 

WB:WB: abnormal protein 0 0 0 0 0 

WB:WB: reduced intensity 2 0 1 2 5 

BMDD carriers 

total l 

asym
ptom

atic c 

cram
ps/m

yalgia a 

m
usclee w

eakness 

44 2 6 12 

33 1 3 7 

77 0 0 / 

1 00 2 3 

22 1 1 4 

DCM:: dilated cardiomyopathy; WB: Western blot 

Ourr study showed that ten (both symptomatic and asymptomatic) out of 50 carri-
erss had defective immunostaining, resulting in a sensitivity of 20% (table 3 and 4) 
andd a sensitivity of 26% for asymptomatic carriers alone. A clear mosaic pattern of 
dystrophinn positive and negative fibers was found both in two symptomatic and 
twoo asymptomatic DMD carriers, and in one DMD carrier with cramps (table 4). 
TwoTwo of these carriers were identified with linkage analysis. Theoretically, when 
linkagee analysis would not have been informative, muscle biopsy could have been a 
usefull  tool for identifying them as definite carriers. In six asymptomatic carriers, of 
whomm three had normal SCK activity, abnormal immunohistochemical dystrophin 
stainingg was found. Therefore, we conclude that dystrophin analysis might be 
helpfull  in carrier detection in cases in whom mutation or linkage analysis is non-
contributory. . 
Ass reported by others ' we found no correlation between phenotype and dystro-
phinn abnormalities. These observations are in contrast to Hoffman et al., who 
describedd an association between clinical phenotype and proportion of dystrophin 
negativee fibers in isolated manifesting carriers only, not in familial cases. 
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Tablee 3 Continued 

Total l 

Clinicall group 

Alll abnormalities 

Immunohistochemistry Immunohistochemistry 

WB:WB: abnormal protein 

WB:WB: reduced intensity 

n n 

5 5 

3 3 

1 1 

4 4 

3 3 
c c 
S/l l n n 
fD D 

? ? 
fD D 
o> > 
D D 
fD D 

17 7 

% % 
29 9 

18 18 

6 6 

24 4 

O O 
n n 

5 5 

0 0 

0 0 

0 0 

0 0 

n n 
—t t 
o> > 
3 3 

*L *L 
3 3 

^< < 
w w 

ora. . 
5' ' 

5 5 

2 2 

/ / 
0 0 

2 2 

n n 

9 9 

6 6 

2 2 

3 3 

< < 
3 3 

S" " 
3 3 
ai i 
r-h h 

n" " 

23 3 

% % 
39 9 

26 26 

9 9 

13 13 

n n 

16 6 

10 10 

3 3 

9 9 

o o 

50 0 

% % 
32 2 

20 20 

6 6 

18 18 

Tablee 4 Pro/y/e of carriers with abnormal dystrophin immunostaining 

'carrier r 

D4 4 

D5 5 

D6 6 

D33 3 

D44 4 

D48 8 

D58 8 

D60 0 

D77 7 

B41 1 

age e 

32 2 

47 7 

50 0 

39 9 

45 5 

52 2 

37 7 

27 7 

37 7 

24 4 

signs/symptoms s 

--
--
weakness s 

cramps s 

--
--
--
--
weakness s 

weakness s 

2SCK K 

308 8 

606 6 

516 6 

1127 7 

n n 

n n 

1380 0 

n n 

947 7 

202 2 

biopsy y 

mosaic c 

sporadic c 

mosaic c 

mosaic c 

sporadic c 

sporadic c 

mosaic c 

sporadic c 

mosaic c 

mosaic c 

"mutation n 

Dell 48-50 

--
--
--
Dell 3-7 

--
Dupp HD8 

Dup45 5 

Dell 6-7 

Dell 45-47 

'carrier,, D: DMD carrier, B: BMD carrier; SCK: serum creatine kinase activity, 

nn = normal; 3biopsy: pattern of dystrophin positive and negative fibers in muscle biopsy; 

mosaicc = mosaic pattern, sporadic = sporadic dystrophin negative fibers, mutation: 

Dell = deletion, Dup = duplication. 
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Theyy explained this discrepancy by probable ascertainment bias in their study. We 
triedd to avoid this by including as many carriers from each family as possible. 
Severall  explanations may be given for the absence of an association. Firstly, severe 
casess in whom the chance of finding dystrophin abnormalities might be increased, 
weree not present in our study. Secondly, we have only biopsied the left vastus 
lateraliss muscle, which was not always affected. Moreover, immunohistochemical 
dystrophinn status was only abnormal in three out of five carriers with weakness of 
thee left quadriceps muscle. Thirdly, muscle fibers are composed of dystrophin 
positivee and negative myonuclei. In the cell, dystrophin may diffuse from positive 
too negative area (biochemical normalisation).41 Over the years, when dystrophin 
negativee fibers perish, dystrophin positive satellite cells can replace the negative 
oness (genetic normalisation) and therefore, there is probably a greater chance to 
findd a clear mosaic pattern in young children in whom this process has not oc-
curred.. Carriers younger than 18 years were not included in our study, but between 
188 and 60 years no association was found between age and dystrophin negative 
fibers. fibers. 
Inn three BMD carriers we found an abnormally sized protein next to the normal 
dystrophin.. This corresponded with the detected mutations in these carriers. Three 
otherr BMD carriers had a reduced amount of dystrophin on Western blot. This 
increasedd the proportion of abnormalities in BMD carriers to 58% as compared to 
24%% in DMD carriers. All these carriers however, were also detected by DNA analy-
siss and it seems hazardous to rely only upon a reduced dystrophin intensity on 
Westernn blot for carrier detection. 
Inn conclusion, dystrophin analysis can not be used as a reliable, diagnostic test for 
symptomaticc carriers. Even in carriers (from known DMD/BMD families) with 
musclee weakness, immunohistochemistry is most often normal. Its usefulness for 
carrierr detection is limited to the following categories: women with a positive 
familyy history for DMD or BMD, in whom mutation or linkage analysis is not 
feasible;; isolated female cases, presenting with limb girdle weakness with markedly 
elevatedd SCK activity ; and young asymptomatic girls in whom coincidentally a 
highh SCK activity is found.' In all other cases we recommend to refrain from 
performingg dystrophin analysis of muscle tissue. 
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Figur ee 1 Immunohistochemical labelling of dystrophin in skeletal muscle of four carriers. 

A:A: DMD carrier with muscle weakness; B: DMD carrier with cramps; C: asympto-

maticmatic DMD carrier; D: BMD carrier with muscle weakness. Serial transverse 

sectionssections (10 pm) were immunostained with anti-dystrophin monoclonal antibodies 

(NCL-Dys(NCL-Dys 1/2/3). Bars represent 240 pm. * = reduced expression. 

1 22 3 4 5 6 7 8 9 10 11 12 

Figur ee 2 Dystrophin immunoblot analysis of muscle biopsies of 6 obligate carriers. 

ShownShown is dystrophin immunoblot analysis of control muscle containing normal 

dystrophindystrophin (odd-numbered lanes) and six of the patients (even-numbered lanes). 

TheThe upper panel shows a Western blot labelled with P20 anti-serum. 

LanesLanes 2 and 4 show BMD carriers with an abnormal large dystrophin protein 

besidesbesides dystrophin with normal molecular weight. In lane 6 a BMD carrier with a 

smallersmaller dystrophin protein is shown. In lanes 8 and 12 two BMD carriers and in 

lanelane 10 a DMD carrier are shown with a reduced amount of dystrophin. The lower 

panelpanel shows staining of myosin heavy chain in the corresponding gel which is used 

asas a measure of the amount of muscle protein in each lane. 
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