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Summary

Various clinical trials have documented the therapeutic benefit of glucocorticoids
(GCs) in enhancing muscle strength and slowing disease progression of Duchenne
and Becker muscular dystrophies (DMD/BMD). We hypothesized that GCs may
have relevance to the differential anti-inflammatory effect on mononuclear inflamma-
tory cells (MICs) and Dendritic cells (DCs) infiltrating the dystrophic muscles. In this
prospective study, two muscle biopsies were obtained (before and after 6-month
prednisone therapy) from 30 patients with dystrophies (DMD = 18; BMD = 6; and
limb girdle muscular dystrophies (LGMD) = 6). MICs and DCs infiltrating the mus-
cles were examined using mouse monoclonal antibodies and immunoperoxidase
staining methods. Muscle strength was evaluated monthly by manual testing, motor
ability and timed tests. Prednisone therapy was associated with: (i) functional
improvement of overall motor disability, in upper limbs of DMD (P < 0.001) and
BMD (P < 0.01) and lower limbs of DMD (P < 0.001) and BMD (P < 0.05); (ii) his-
tological improvement such as fibre size variation (DMD, P < 0.01; BMD,
P < 0.05), internalization of nuclei (DMD, P < 0.05), degeneration and necrosis
(DMD and BMD, P < 0.01), regeneration (DMD, P < 0.001; BMD, P < 0.01) and
endomysial connective tissue proliferation (DMD, P < 0.01; BMD, P < 0.05) and
(iii) reduction of total MICs (P < 0.01) and DCs (P < 0.01). There was a positive
correlation between the degree of improvement in overall motor disability and reduc-
tion of DCs numbers (In upper limbs; » = 0.638, P < 0.01 for DMD and r = 0.725,
P < 0.01 for BMD, in Lower limbs; r = 0.547, P < 0.05 for DMD and r = 0.576,
P < 0.05 for BMD). Such improvements and changes of MICs/DCs were absent in
LGMD. In DMD/BMD, prednisone therapeutic effect was associated with reduced
MICs and DCs numbers. Whether this therapeutic effect reflects targeting of the
deleterious immune response produced by these cells mandates further investigations.
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In skeletal muscle, the dystrophin protein, a large subsarco-
lemmal protein (427 kDas), exists tightly associated with
organized arrays of other structural proteins (Dystrophin-
glycoprotein complex or DGC) that serves as an anchor and
force-transmitting structure for the contractile proteins
organized in the myofilaments, preventing muscle disruption
due to shear forces during repeated cycles of muscle contrac-
tion and relaxation (Hoffman et al. 1987; Ervasti &
Campbell 1991; Ohlendieck 1996). Disruption of DGC
results in a disease state collectively known as muscular dys-
trophies. Duchenne muscular dystrophy (DMD) and its all-
elic type Becker muscular dystrophy (BMD) are the most
common subtypes of muscular dystrophies that result from
dystrophin gene mutation (Koenig et al. 1988; Hamed et al.
in press; Hamed & Hoffman 2006) (http://www.dmd.nl/
database.htm.). DMD is the most common devastating
childhood X-linked disorder, resulting in early loss of ambu-
lation between the ages of 7 and 13 years and death in the
teens and twenties (http://www.dmd.nl/database.htm.) (Ben
Hamida et al. 1983; Angelini e al. 1990; Matsumura et al.
1993).

The complete definition of the pathophysiologic cascade,
which results in muscle cell death and its inability to regen-
erate, is extremely important for therapeutic approaches.
Disruption of DGC is associated with alterations in the mus-
cle cells microenvironment including complex and differen-
tial alteration of response with secondary
deleterious progressive muscle degeneration (Ben Hamida
et al. 1983; Lundberg et al. 1995; Hamed & Hoffman
2006; Hamed et al. in press).

It is well known that glucocorticoids (GCs), immunosup-

immune

pressive drugs, have beneficial therapeutic roles in the treat-
ment of muscular dystrophies (Merlini et al. 2003; Gaud
et al. 2004; Mesa et al. 1991). This notion is supported by
two observations. First, the targeted immunosuppression in
dystrophic mice can delay the progression of the muscle
damage (Takagi et al. 1998; Gosselin & McCormick 2004;
Wehling-Henricks ez al. 2004). Second, several GCs thera-
peutic clinical trials have documented the beneficial improve-
ment in muscle strength, increased muscle mass and
histological changes in DMD and BMD (Drachman et al.
1974; DeSilva et al. 1987; Mendell et al. 1989; Griggs et al.
1991). This beneficial effect of steroids may reflect immune
response alteration of inflammatory cells infiltrating the
damaged muscle. In support, (i) cellular immune responses
by mononuclear inflammatory cell (MICs) contribute to mus-
cle pathology in dystrophin-deficient muscle (Arahata &
Engel 1984; Kissel e al. 1993; Spencer & Tidball 2001), (ii)
Dendritic cells (DCs) and mast cells have been very recently
suggested to act coordinately to mediate acute and chronic

microenvironmental changes in dystrophic muscles (Sueki
et al. 1993; Gorospe et al. 1994; Chen et al. 2000) and (iii)
GCs can prevent activation of DCs by redirecting differenti-
ation of a subset of cells, despite the presence of inflamma-
tory cytokines (Matasic et al. 1999).

Therefore, it seems that there are some relationships
among immunosuppressive effects of GCs, cellular immune
responses (MICs and DCs) and muscle fibre loss in dystro-
phies. Nevertheless, our understanding of these relationships
is still incomplete. In this investigation, we hypothesized that
the beneficial therapeutic effects of GCs are associated with
alterations of MICs and DCs infiltrating the dystrophic mus-
cles. To test our hypothesis and to fill this existing gap in lit-
erature, we examined these cells in 30 patients with
muscular dystrophies before and after GCs therapy.

Materials and methods

Patients

This prospective study included 30 patients with clinical and
laboratory features suggestive of muscular dystrophies
(DMD = 18, BMD = 6 and limb girdle muscular dystro-
phies (LGMD) = 6) recruited from the Department of Neur-
ology, Assiut University Hospitals, Assiut, Egypt. Patients
with primary neurologic diseases not diagnosed as primary
muscular dystrophy were excluded. In this prospective study,
clinical and laboratory data were evaluated twice before and
at the end of the
(0.75 mg/kg/day). None of the patients were receiving

6-month  prednisone therapy
immunosuppressive drugs till the time of the study. The
experimental design was approved by the regional Ethics
obtained from the

Committee. Informed consent was

patients and their parents before participation in this study.

Methods

Muscular dystrophy was diagnosed based on the clinical
manifestations of muscle weakness and wasting, high creat-
ine phosphokinase (CPK) values, myopathic electromyogra-
phy (EMG) changes and dystrophic changes in muscle
(Buchthal & Kamieniecka 1982; Bushby ef al. 1993). The
diagnosis and categorization of muscular dystrophies was
confirmed by immunostaining with antibodies against dys-
trophin and other membrane proteins, as described before
(Sealock et al. 1991; Hoshino et al. 2000; Sheriffs et al.
2001). These proteins can be detected by Western blotting
or by immunohistochemistry; with the latter being thought
to be the more sensitive technique. This is because of an
apparent loss or breakdown of an epitope of dystrophin that
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occurs during processing for Western blotting (Nicholson
et al. 1992). It has also been suggested that immunohisto-
chemical analysis is more reliable than gene analysis using
the multiplex polymer chain reaction, which only reveals
approximately 70% of DMD mutations (Ozawa et al.
1998). Immunohistochemistry has become a powerful tool
in distinguishing different muscular dystrophies, because of
its speed, accuracy and the increasing availability of antibod-
ies to dystrophin and its associated proteins.

Clinical assessment of the muscular dystrophies

In this study, clinical and lab assessment was done blindly.
None of the patients was given placebo. The muscle strength
was assessed before the start of prednisone therapy and
every month during and at the end of the 6-month predni-
sone therapy (0.75 mg/kg/day). Grading of muscle power
was done according to the Medical British Counsil or MBC
(1-5) grading system. This evaluation was done using a bat-
tery of muscle force and function tests including manual
testing, motor ability and timed tests (time in seconds to rise
from the ground, time to climb up nine stairs and time to
travel 10 meters as rapidly as possible) as described by oth-
ers (Brooke et al. 1987; Mendell et al. 1989). The overall
motor disability was evaluated in both upper and lower

limbs as described before (Archibald & Vignos 1959).

Pathological evaluation

In this prospective study, pathological evaluation of muscle
biopsies was done twice before and at the end of the
6-month prednisone therapy (0.75 mg/kg/day).

In the surgical theater and under complete aseptic condi-
tions, muscle biopsy specimens were taken (open percutane-
ous biopsy specimen measuring at least 0.5 cm in diameter,
and 1.0 cm in length along the longitudinal axis of the muscle
fibres) from the most bulky part of the gastrocnemius muscle
that was not subjected to EMG examination before, as need-
ling was known to induce changes indistinguishable from
inflammatory myopathy (Engel et al. 1996). Specimens then
placed in 10% neutral buffered formalin solution and proc-
essed for paraffin embedding. Histological examination of sec-
tions was carried out utilizing haematoxylin and eosin (H&E)
as well as Masson’s trichrome staining. Sections were exam-
ined by light microscopy, and the following pathological
changes were described and assessed including; gapping of
muscle bundles and fibres, splitting of muscle fibres, fibre size
variation, scattered degenerating and regenerating fibres and
connective tissue proliferation. These changes were examined
in at least six different sections in each case, by two observers.

In each section, at least five different fields were examined.
Evaluation of the muscle changes (fibre size variation, inter-
nalization of nuclei, degeneration and necrosis, regeneration
and endomysial connective tissue proliferation) was done
using the following scoring system: no changes, 0; mild chan-
ges, 1; moderate changes, 2 and sever changes, 3. The results
were reported as mean = SD.

Immunohistochemical analysis

Immunobistochemical characterization of dystrophin and
inflammatory cells. The definitive diagnosis of dystrophies
can be made by means of immunostaining with antibodies
against dystrophin and its associated protein immunostain-
ing with dystrophin protein was done, as described by the
manufacturer, utilizing a labelled streptavidin-biotin immu-
noenzymatic antigen detection system, Ultravision Detection
System, Anti-Polyvalent, HRP/DAB, Catalogue number
TP-015-HD, Laboratory Vision Corporation, Fermont, CA,
USA. The primary antibody utilized was Dystrophin Ab-1,
mouse monoclonal antibody (Clone 1808). This antibody is
highly specific for dystrophin and shows no cross-reaction
with C-protein (an isoform of p-actinin), p-actin or muscle
spectrin. A biotinylated goat anti-polyvalent was utilized as
secondary antibody.

Immunohistochemical characterization of inflammatory
cells was carried out as previously described (Hussein &
Ismael 2004). [Clones L26, UCHL-1, PG M1 and To5 for
CD20 (B lymphocytes), CD3 (T lymphocytes), CD68 (histio-
cytes) and CD35 (DCs), DAKO corporation, CA, USA.] A
catalysed signal amplification system (K1500, DAKO corp.,
USA) was used according to the manufacturer instructions.

Immunostaining was carried following the manufacturer
instructions. Briefly, sections mounted on glass slides were
deparaffinized and rehydrated through descending graded
alcohols to water. Endogenous peroxidase activity was
blocked with 0.6% H,0,. Sections were then immersed in
(10 mm buffer,
pH 6.0) and subjected to heat-induced antigen retrieval for

the retrieval solution sodium citrate
20 min. The slides, in plastic Coplin jars containing retrie-
val solution, were microwaved in a microwave set at high
(approximately 750 W) for four cycles of 5-min duration
each. Non-specific protein binding was blocked with
10-min exposure to 10% normal goat serum. Sections
were then incubated with mouse monoclonal antibodies
for 30 min at 37 °C. A catalysed signal amplification sys-
tem (for inflammatory cells) and Ultravision Detection Sys-
tem (for dystrophin) were used according to the
manufacturer instructions. Sections were next treated with

peroxidase-labelled streptavidin for 30 min at 37 °C and
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incubated with 14-diaminobenzidine for 5 min. They were
counterstained with haematoxylin, dehydrated in alcohol,
cleared in xylene and cover slipped. The slides were inde-
pendently evaluated by two observers (Drs Mahmoud R.
Hussein and Mohammed G. Mostafa). The experiments
were done in triplicate. For each antibody, at least 10 dif-
ferent sections were examined in each case.

Positive controls. The positive control specimens consisted
of normal muscle (dystrophin protein) and lymph nodes
with reactive lymphoid hyperplasia (CD3, CD20, CD68 and
CD35). DMD was diagnosed based on the absence of dys-
trophin in the muscle biopsies while BMD patients had
reduced amounts of the dystrophin protein. Alternatively,
the dystrophin-positive patients were defined as LGMD
(Brooke et al. 1987; Hoffman et al. 1988; Hoshino et al.
2000; Sheriffs et al. 2001). In this study, we did not categor-
ize different types of LGMD.

Negative controls. Additional sections running in parallel
but with omission of the primary antibody served as the
negative controls (Hussein & Ismael 2004).

Quantification of MICs in muscle biopsy

The cell infiltrate in the examined sections, whether routi-
nely or immunohistochemically stained, was totally and dif-
ferentially counted in five high-power fields (HPFs; x 400) in
areas showing the most intense infiltrate, selected on low-
power examination. Two pathologists recorded the average
number of cells in the five selected HPFs by double-blind
counting method. The cell counts in this work thus represen-
ted the mean («+SD or standard deviation) of the recordings
reported by the two observers (Drs Mohmoud R. Hussein
and Mohammed G. Mostafa).

Statistical analysis

Statistical comparison among different groups was evaluated
using analysis of variance (ANova). Calculations were done
with the statistical package spss for windows, version 10.0.
Statistical significance was defined as P < 0.05.

Results

Clinical characteristics of the dystrophic patients

Thirty patients (DMD = 18, BMD = 6 and LGMD = 6)
(male/female; 27/3) carrying the clinical and laboratory fea-
tures of muscular dystrophy were included in this study.

Patients presented mainly by girdle-limb weakness, muscle
wasting and hypertrophy. Muscle wasting was observed
mainly in the biceps, supraspinatus, triceps and quadriceps
muscles of all patients and deltoid gluteus maximus muscles
in some patients. Hypertrophy was seen in calf, gluteus
maximus and deltoid muscles. The mean age was statisti-
cally significantly higher in LGMD (11.1 = 4.4 vyears,
P < 0.05) than BMD (8.6 = 1.3 years) or DMD (4.9 = 1.3
years). Demographic data were summarized in Table 1.

Functional changes of the muscle after 6-month
prednisone therapy in DMD and BMD

Most DMD (89%) and BMD (60%) patients exhibited
improvement of motor function during the 6-months predni-
sone therapy (peaked in the first 3 months of therapy). This
was obvious in (i) improvement of the muscle power
(Table 2) (ii) timed function of motor assessment including,
time in seconds to rise up from the ground to standing posi-
tion, time in seconds for going up nine stairs and time in
seconds to travel 10 meters as rapid as possible (Table 3)
and (iii) overall motor disability in both upper and lower
limbs (Table 3). Improvement in overall motor disability
was inversely related to the duration of illness (in upper
limbs; » =-0.618, P <0.01 for DMD and r = -0.823,
P < 0.01 for BMD, in lower limbs; r = -0.518, P < 0.05 for
DMD and r = -0.580, P < 0.05 for BMD).

No difference was observed in the level of CPK and lac-
tate dehydrogenase (LDH) before and after treatment with
prednisone in all groups of the patients studied (Table 1).

Histological changes in the muscle following prednisone
therapy in DMD/BMD

Before prednisone treatment, the histological changes were
consistent with muscle dystrophy including fibre size vari-
ation, internalization of nuclei, degeneration, myofibre nec-
rosis, regeneration and endomysial connective tissue
proliferation. Muscle biopsies from prednisone-treated DMD
and BMD, respectively, revealed amelioration of histological
features of muscle damage including: fibre size variation
(2.4 +0.5 vs. 1.7 0.7, P<0.01; 2.3 0.5 vs. 1.3 = 0.8,
P < 0.05), internalization of nuclei (2.1 = 0.8 vs. 1.1 = 1.1,
P <0.05; 1.5 0.8 vs. 0.8 +0.7, P<0.05), degeneration
and necrosis (2.5 + 0.8 vs. 1.4 = 1.3, P <0.001; 2.2 £ 0.7
vs. 0.6 =04, P<0.01), regeneration (0.6 0.9 ws.
1.9 = 0.6, P < 0.001; 0.5 = 0.8 vs. 2.2 + 0.4, P < 0.01) and
endomysial connective tissue proliferation (2.1 = 0.8 ws.
11=11, P<001; 22207 vs. 0.8=0.8, P<0.05)

(Table 4 and Fig. 1).
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Table 1 Demographic, clinical and laboratory data of muscular dystrophy group of patients
Demographic data DMD (n = 18) BMD (n = 6) LGMD (n = 6)
Age of onset
Range (Mean = SD), years 3-7 (4.9 = 1.3) 7-14 (8.6 = 1.3) 8-20 (11.1 = 4.4)
Age at sampling
Range (Mean = SD), years 4-14 (5.7 = 1.0) 9-18 (9.9 = 1.6) 11-22 (14.1 = 2.4)

Age at presentation

Range (Mean = SD), years
Male/Female

Duration of illness

Range (Mean = SD), years
Similar condition in the family
Brother/cousin

CPK

Pre-treatment: Mean = SD; IU/1
Post-treatment: Mean = SD; 1U/I
LDH

Pre-treatment: Mean = SD; IU/1
Post-treatment: Mean = SD; 1U/I

5-10 (5.6 = 2.4)
18/0

0.6-5 (2.4 = 0.8)
8 (44.4%)
6/2

7388.9 = 4191.6
7690.7 = 4297.4

969.2 + 552.7
998.2 = 542.7

8-18 (13.0 = 2.3)
6/0

1-8 (4.60 = 1.71)
3 (50%)
3/3

6258.0 = 2821.1
6223.3 = 2931.5

868.0 = 354.9
792.0 = 302.0

18-35 (2.6 = 4.1)
3/3

1-13 (5.60 = 1.9)
3 (50%)
2/1

1270.9 = 673.5
1138.5 = 821.1

465.9 = 235.3
407.6 = 241.6

BMD, Becker muscular dystrophies; CPK, creatine phosphokinase; DMD, Duchenne muscular dystrophies; LDH, lactate dehydrogenase;

LGMD, limb girdle muscular dystrophies.

Numbers of MICs and DCs following prednisone

therapy in DMD/BMD

As compared with values before therapy, total and differen-
tial MICs were generally reduced in DMD and BMD. In

DMD, there were a reduction of total MICs (23.2 = 10.1 vs.
18.0 + 6.0, P <0.01) and DCs (3.4 0.5 wvs.

1.8 0.8,

P < 0.01) for before and after treatment, respectively. In

BMD, only the reduction in DCs, after therapy, reached the
level of statistical significance (2.2 = 0.7 ws.

1.8 = 0.6,

Table 2 Assessment of the muscle power of the studied group of patients pre- and at the end of 6-month prednisone therapy

DMD
Range (Mean = SD)

BMD

Range (Mean = SD)

LGMD

Range (Mean + SD)

Muscle power assessment Pre-treatment

Post-treatment

Pre-treatment

Post-treatment

Pre-treatment

Post-treatment

Muscle power assessment

Deltoid 5(3.8+0.7) 3-5 (4.3 =0.6)*** 3-4a (3.9 = 0.5)
Supraspinatus 5(3.8+0.7) 3-5(4.3+0.6)*** 3-4a (3.8 =£0.5)
Trapezius 5(3.8+0.6) 3-5(43+0.5)*** 3-4a (3.8 =0.5)
Flexors of the shoulder 5 (4.1 +0.8) -5 (4.4 = 0.7)*** 4a—4b (4.7 + 0.2)
Extensors of the shoulder 2—5 (4.0 £0.7) 2-5(4.3=0.8) 4a-4b (4.2 = 0.3)
Adductors of the shoulder 3-5 (3.9 + 0.7) 2-5 (4.4 = 0.5)** 4a-4b (4.1 = 0.2)
Biceps 5 (4.3+0.5) 3-5(4.5+0.6) 3-4b (4.0 = 0.6)
Triceps 3 5 (4.4 +0.5) 3-5(4.6=0.5) 4a—4b (4.3 = 0.3)
Tliopsoas 1-4b (3.5 £ 0.8) 1-4b (4.2 £ 0.8)*** 1-4b (4.2 = 0.8)
Gluteus maximus 1-4b (3.3 £ 0.8) 1-4b (4.1 = 0.9)*** 3-4a (3.7 = 0.5)
Gluteus medius 1 5(3.7+0.9) 1-5 (4.1 =£0.9)** 3-4b (4.0 = 0.6)
Adductors of the thigh 5(3.6+0.9) 1-5(4.1+09)** 3-4b (4.0 = 0.6)
Quadriceps 5(3.9+0.8) 1-5(4.4«0.7)**  4a-4b (4.3 +0.3)
Hamstring 2—5 (3.9+0.7) 2-5(44=0.7)**  4a-4b (4.3 = 0.3)
Calves 5(42+0.9) 1-5(4.5+0.9)**  4a-5 (4.7 = 0.4)
Tibialis anterior 5(4.3+£0.8) -5 (4.6 £ 0.7)** 4a-5 (4.7 = 0.4)

4b-5 (4.8 = 0.3)**
4b-5 (4.5 = 0.2)**
4.6+ 0.3)*

4a-5
4b-5
4b-5

4.7 + 0.3

4b-5 (4.7 = 0.3)***
4b-5 (4.8 = 0.3)**
4b-5 (4.8 = 0.3)***

(
(
(
(
(
(
(
(

4b-5 (4.8 = 0.3
4b (4.5 = 0.0)*
4b-5 (4.8 = 0.3
4b-5 (4.8 = 0.3

)
( )
4b-5 (4.8 = 0.3)%*
4b-5 (4.7 = 0.3)**
( )
( )

4b-5 (4.8 = 0.3
4b-5 (4.8 £ 0.3

)
)
)
)
4.6 = 0.2)%*
)
)
)
)

3-4b (3.5 = 0.7
3-4b (3.4 = 0.5
3-4b (3.5 = 0.7
3-4b (3.8 = 0.6
3-4b (3.5 £ 0.7
3-4b (4.1 = 0.5
3-5 (4.1 = 0.6)
3-5 (4.3 = 0.7)
2-4b (3.5 = 0.9)
2-4a (2.6 = 1.1)

)

)

)
)
)
)
)
)

2-4b (3.3 = 1.1
2-4b (3.2 £ 0.9
3-5 (4.0 = 0.6)
2-5 (3.5 = 1.0)
4a-5 (4.7 £ 0.3)
4b-5 (4.7 = 0.4)

3-4a (3.4 = 0.3)
3-4b (3.5 = 0.4)
3-4a (3.6 = 0.5)
3-4a (3.7 = 0.7)
3-4b (3.2 = 1.0)
2-4b (3.7 £ 0.7)
3-5 (4.1
4a-5 (4.4 = 0.5)
3-4b (3.5 = 0.9)
2-4b (2.9 = 0.7)
( )

( )

)

+0.6)

2-4b (3.1 £ 0.9
2-4b (3.1 = 0.7
42-5 (3.8 = 0.8
2-5 (3.6 = 0.9)
4a-5 (4.6 = 0.5)
4b-5 (4.8 = 0.3)

BMD, Becker muscular dystrophies; DMD, Duchenne muscular dystrophies; LGMD, limb girdle muscular dystrophies.

*P < 0.05, **P < 0.01 and ***P < 0.001.
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Table 3 Assessment of the timed function/second of the studied group of patients pre- and at the end of 6-month prednisone therapy

DMD
Range (Mean + SD)

BMD
Range (Mean + SD)

LGMD
Range (Mean =+ SD)

Timed function/second and

Overall disability Pre-treatment

Post-treatment

Pre-treatment  Post-treatment  Pre-treatment  Post-treatment

Timed function/second 89+25 6.1 £2.3%%*
Time in seconds (Mean = SD)
to rise upfrom the ground to
standing position 2 to <14 s
Time in seconds (Mean = SD) for 14.9 = 5.8 10.1 = 4.7%**
going up 9 stairs; 4 to <31 s
Time in seconds to travel 10 meters  10.7 = 3.4 7.7 £ 2.5%%*
as rapidas possible; 4 to <22 s
Overall disability
In upper limbs 5.7 +0.6 6.4 = 0.7%**
In lower limbs 82=+1.5 9.4 = 1.3%**

7.3 0.8 4.8 £ 1.2%%% 7.6 £2.5 8429
10.2 = 1.9 6.9 = 1.6%** 15.4 = 8.7 16.1 = 8.0
9227 5.5 2.1 12.1 7.7 13.3 = 8.8
5.8+04 6.7 = 0.5%* 6.0 £ 1.0 59=+«15
9.0 £ 0.0 9.7 £ 0.5% 8.9 0.7 8.7+1.0

BMD, Becker muscular dystrophies; DMD, Duchenne muscular dystrophies; LGMD, limb girdle muscular dystrophies.

*P < 0.05, **P < 0.01 and ***P < 0.001.

Table 4 Histopathological changes in dystrophic muscles pre- and at the end of 6-month prednisone therapy. The micrometer (pm)

represents measurement unit of muscle fibre size

DMD
Range (Mean * SD)

BMD
Range (Mean * SD)

LGMD
Range (Mean * SD)

Histopathological changes Pre-treatment

Post-treatment

Pre-treatment Post-treatment Pre-treatment Post-treatment

Fibre size variation 2.4 +0.5 1.7 = 0.7%* 2305 1.3 = 0.8 2.0 0.6 2305
Internalization of nucle 2.1=+0.8 1.1 = 1.1%* 1.5+0.8 0.8 0.7 0.8 =1.0 1.0 = 0.8
Degeneration and necrosis 2.5+0.8 1.4 +1.3%* 2.2=+0.7 0.6 = 0.4** 22+04 2.0+ 0.6
Regeneration 0.6 =+ 0.9 1.9 = 0.6%%* 0.5 0.8 2.2 = 0.4%% 1.0 = 1.0 0.8 = 1.0
Endomysial connective tissue proliferation 2.1 = 0.8 1.1 = 1.1** 22 0.7 0.8 = 0.8% 1.7+1.2 22 =15

BMD, Becker muscular dystrophies; DMD, Duchenne muscular dystrophies; LGMD, limb girdle muscular dystrophies.

*P < 0.05, **P < 0.01 and ***P < 0.001.

P < 0.05). However, no significant difference was observed
in lymphocyte (3.6 = 1.7 ws. 2.7 = 1.1) and histiocytes
(12.4 £ 0.9 vs. 9.0 = 3.4) for before and after treatment,
respectively (Table 5 and Fig. 1).

Functional, histological and immunobhistochemical
changes in LGMD

None of the LGMD patients exhibited improvement in
motor function after prednisone  therapy
(Tables 2.3). Muscle biopsies from prednisone-treated
LGMDs revealed no differences in the histological features

6-months

of muscle damage before and after treatment (Table 4).
Moreover, there were no reductions of MICs or DCs counts
following therapy (Table 5).

Correlation between the functional and histological
improvements and changes in MICs/DCs

There was positive correlation between the degree of clinical
improvement (overall motor disability) and reduction of
DCs numbers (in upper limbs; r = 0.638, P <0.01 for
DMD and r = 0.725, P < 0.01 for BMD, in lower limbs;
r=0.547, P < 0.05 for DMD and r = 0.576, P < 0.05 for
BMD).

Discussion

Transient inflammatory response is a normal homeostatic
reaction to muscle damage as a result of muscle-lengthening
exercises (Gosselin & McCormick 2004). In contrast to
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Table 5 Inflammatory cells count in dystrophic muscles pre- and at the end of 6-month prednisone therapy

DMD BMD LGMD

Range (Mean * SD) Range (Mean * SD) Range (Mean * SD)
Inflammatory cells Pre-treatment  Post-treatment  Pre-treatment Post-treatment ~ Pre-treatment  Post-treatment
Total MICs (H&E) 23.2 = 10.1 18.0 = 6.0%* 18.3 = 5.5 183 = 7.6 20.0 = 7.5 207 = 7.5
Lymphocytes (CD3 and CD20) 36«17 2.7+1.1 33=x21 3.7+1.2 2.5=+21 40=14
Hitiocytes (CD68) 12.4 = 0.9 9.0 =34 12.3 £1.59.7£42 13.0+6.2 11.7 = 4.5
Dendritic cells (CD35) 34=+0.5 1.8 £ 0.8%* 2207 1.8 = 0.6* 2.5+0.7 1.5 0.7

BMD, Becker muscular dystrophies; DMD, Duchenne muscular dystrophies; H&E, haematoxylin and eosin; LGMD, limb girdle muscular

dystrophies, MIC, mononuclear inflammatory cell.

*P < 0.05, **P < 0.01 and ***P < 0.001.

Figure 1 Pathologic evaluation of the
dystrophic muscles before (d, e and f)
and after (a, b and ¢) prednisone
therapy. The upper left section of the
figure (a) shows histopathological fea-
tures of improvement (regeneration,
appearance of striations, decrease in
fibre size variation, and endomysial con-
nective tissue proliferation). The middle
left section of the figure (b) demon-
strates reduction in the inflammatory
cells before and after 6-months treat-
ment with prednisone. The lower left
section of the figure (c) reveals marked
reduction of Dendritic cells (CD35+
cells) in response to prednisone.

normal muscles, the dystrophic muscles are more vulnerable
to contraction-induced damage with persistent inflammatory
response that leads to an altered extracellular environment,
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TNF-o,, TGF-B). The majorities of these cells expressed clas-
ses I and II major histocomptability complex (MHC) anti-
gens and are, therefore, considered to be activated. The
recruitment of infiltrating lymphocytes occurs in collabor-
ation with other mononuclear cells, namely the DCs, the
expression of the class I and II MHC molecules at the
periphery of muscle fibres, the presence of chemoattractants
as well as costimulatory molecules. These variables are
orchestrated by delicate mediating muscle
damage in muscular dystrophies (Arahata & Engel 1984;
Morrison et al. 2000).

Unfolding studies suggest the possible relationships among

interactions

immunosuppressive effects of GCs, muscle damage and
MICs. However, to date, knowledge about the status of
MICs and DCs in dystrophies is still lacking. In this investi-
gation, we decided to examine these issues as well as to test
the hypothesis that the therapeutic effects of GCs are associ-
ated with alterations of MICs and DCs infiltrating the dys-
trophic muscles. To achieve our goals, 30 patients with
dystrophies were included in this study. Our study clearly
demonstrated that 6-month prednisone therapy is associated
with several changes in DMD/BMD, including (i) functional
and histological improvements of the muscle (ii) reduced
numbers of MICs/DCs and (iii) positive correlation between
the muscle improvements and the reduction of DCs. None
of the above changes were observed in LGMD.

Functional and bhistological improvement of the
dystrophic muscles following prednisone therapy in
DMD/BMD

The functional and histological improvement of the dys-
trophic muscles in our series (DMD and BMD) not only
with previous studies but
beneficial therapeutic roles of GCs (Drachman et al. 1974,
Mendell ez al. 1989; Burrow et al. 1991; Griggs et al. 1991;
Griggs et al. 1993; Johnsen 2001; Merlini et al. 2003). Also,
in agreement with previous reports, none of our patients

concurs also confirms the

had to be withdrawn from medication due to side-effects
from prednisone therapy (Fenichel ef al. 1991). It has been
suggested that steroid treatment slows the progress of DMD
for at least 3 years (Fenichel ef al. 1991; Kang 1996). GCs
therapy was associated with decreased muscle breakdown,
enhanced muscle regeneration, with concomitant increase in
muscle mass (Fenichel ef al. 1991). The exact underlying
mechanisms of these beneficial effects are unknown. How-
ever, it is possible that GCs can affect the immune responses
through (i) reducing the number of T cells especially the
cytotoxic/suppressor cells and therefore reducing the num-
ber of muscle fibre infiltrated by lymphocytes (McDouall

et al. 1990; Kissel et al. 1991), (ii) down-regulating mono-
cytes/macrophages, the expression of many cytokine genes
at the transcriptional and post-transcriptional levels (Almawi
et al. 1996), including IL-1 (Snyder & Unanue 1982;
Lee et al. 1988), IL-6 (Amano et al. 1993), TNF (Beutler
et al. 1986), IL-10 (Fushimi et al. 1997) and macrophage
inflammatory protein-1 (Hawrylowicz et al. 1994), (iii)
ameliorating the immunologic relevant activities of the
inflammatory cells (Hawrylowicz et al. 1994; Colotta et al.
1996) and (iv) modulating cell adhesion molecules expres-
sion (Wehling-Henricks ez al. 2004).

Marked reduction in the number of MICs and DCs
following prednisone therapy in DMD/BMD

In this study, we demonstrated a statistically significant reduc-
tion in the number of MICs and DCs following prednisone
therapy. It has been very recently suggested that Dendritic and
mast cells may act coordinately to mediate acute and chronic
microenvironmental changes in dystrophic muscles. These
findings may have relevance to immunosuppressive effect of
chronic administration of steroids in treatment of DMD and
BMD (Chen et al. 2000). Genome profiling showed that
inflammation in the mdx mice is robust including a substantial
and coordinated inflammatory/repair response. The nature
and breadth of immune function markers (approximately
30% of differentially expressed genes) indicated a chronic per-
sistent inflammatory reaction. The major participating cellular
elements were identified by significant elevations in mRNA
pathognomonic of mast cells, macrophages, T cells and B cells
(Porter et al. 2002). Mast cell degranulation increases local
blood flow/vascular permeability and causes direct proteoly-
sis of dystrophin-deficient myofibres (Gorospe et al. 1994).
Injury of dystrophin-deficient muscle causes cytokine release
by mast cells, fibroblast and damaged muscle fibres, eliciting
coordinated vascular response and mononuclear cell accumu-
lation (Gorospe et al. 1994; Lefaucheur et al. 1996; Porter
et al.2002).

DCs are the most potent antigen-presenting cells, which
act as a commander of the immune system army that
includes in addition T and B lymphocytes and natural killer
cells. DCs are equipped to capture antigens and to produce
large numbers of immunogenic MHC-peptide complexes. In
the presence of maturation-inducing stimuli, such as inflam-
matory cytokines (TNF, IL-1), DCs upregulate adhesion and
costimulatory molecules to become a more potent stimulator
of T-cell immunity (Sallusto et al. 1995). Little is known
about how GC influences the initiation of the specific
immune response at the level of DCs. The significant reduc-
tion of DCs in our series may be due to the suppressive
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effects of GCs and thereby inhibit the induction of primary
T-cell responses. GCs can modulate DCs differentiation, ter-
minal maturation and function (Piemonti et al. 1999;
Vanderheyde et al. 1999). In support (i) GCs can prevent
activation of DCs as well as reducing their numbers by redi-
recting differentiation of a subset of them (Matasic et al.
1999), (ii) in addition, GC may further inhibit T-cell-medi-
ated inflammation indirectly via the suppression of IL-12
production by DC and also block IL-4-driven differentiation
of monocytes into DC (Pedro et al. 1998) and (iii) the inhib-
itory effect of steroids on the expression of costimulatory
molecules and the antigen-presenting capacity of DC is also
considered (Pan et al. 2001).

Positive correlation between the functional and
histological improvements and the reduction of DCs
number

In our study, the presence of a positive correlation between
the functional and histological improvements and the reduc-
tion of DCs count suggest a critical role for DCs in the devel-
opment of dystrophies. Moreover, it suggests (i) DCs counts
as a possible prognostic marker in the evaluation and follow
up of patients with dystrophies and (ii) reduction in DCs and
muscle improvements are mediated by common mechanisms.

Absence of functional and histological improvement in
the dystrophic muscle in LGMD

None of the LGMD patients exhibited significant improve-
ment in motor function after 6-months prednisone therapy.
Several clinical therapeutic trials have been performed on
different types of muscular dystrophies. Of all, only DMD
and BMD have generated positive clinical improvement in
muscle strength or muscle mass and histopathological chan-
ges in response to GCs (Drachman et al. 1974; DeSilva et al.
1987; Mendell et al. 1989; Griggs et al. 1991).

Despite the apparent similarity of the muscle microenvi-
ronmental alterations in dystrophinopathies and LGMD
(Ohlendieck 1996; Hamed et al. in press) (http:/
www.dmd.nl/database.htm.), the inability of GCs to induce
both functional and histological improvements in the dys-
trophic muscles of LGMD patients may be explained by sev-
eral possibilities. First, lack of a central role for the immune
cells (targets of GCs suppressive effects) in the development
of this disorder. Second, the evolution of LGMD is mediated
by, yet unknown, cells that is unresponsive to GCs. To our
knowledge, a functional and quantitative significant
improvement in muscle strength was reported in a trial treat-

ment with prednisone carried out for a female carrying the

diagnosis of LGMD due to primary a-sarcoglycan deficiency.
She maintained stable strength over 3 years of treatment.
The timing and the degree of benefit in strength were similar
to those seen in boys with DMD who are treated with pred-
nisone (Connolly et al. 1998; Fisher et al. 2005). Future con-
trolled studies on larger number of patients are required.

To conclude, GCs therapy can induce functional and histo-
logical improvement in the dystrophic muscle (DMD/BMD)
possibly through immunologic mechanisms involving MICs
and DCs. Our data indicated a significant positive correlation
between reduction of DCs number and these improvements.
Thus they suggest a critical role for DCs in the evolution of
muscle dystrophies. One hypothesis to explain these findings,
which has to be tested, is that the reduction of DCs numbers
is associated with a reduced activation of naive T lympho-
cytes. This in turn protects the muscle against their detrimen-
tal effects. An alternative hypothesis, which has to be tested, is
that prednisone therapy may suppress the ability of DCs to sti-
mulate the naive T lymphocytes, i.e. prednisone affects the
antigen-presenting capabilities of DCs. The DCs/T-cells signal
exchange is two-way, with T cells inducing DCs maturation
and activation via CD40 ligand binding to CD40, and via cy-
tokines such as granulocyte macrophage colony-stimulating
factor. Our data also suggest a potential-targeted immuno-
therapeutic benefit for DCs in DMD/BMD. Furthermore, it
may help improve molecular strategies for successful dystro-
phin myoblast transplantation. The underlying mechanisms of
altered dystrophin expression in muscles of prednisone-treated
DMD patients are still open for further investigations.
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