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Abstract

 

Background.

 

Myoblast transfer has been pro-
posed as a technique to replace dystrophin, the skeletal-
muscle protein that is deficient in Duchenne’s muscular
dystrophy. Donor myoblasts injected into muscles of af-
fected patients can fuse with host muscle fibers, thus
contributing their nuclei, which are potentially capable of
replacing deficient gene products. Previous controlled tri-
als involving a single transfer of myoblasts have been un-
successful.

 

Methods.

 

We injected donor muscle cells once a
month for six months to the biceps brachii muscles of one
arm of each of 12 boys with Duchenne’s muscular dystro-
phy. The opposite arms served as sham-injected controls.
In each procedure 110 million cells donated by fathers or
brothers were transferred. The patients were randomly as-
signed to receive either cyclosporine or placebo. Strength
was measured by quantitative isometric muscle testing.
Six months after the final myoblast transfer, the presence

of dystrophin was assessed with the use of peptide anti-
bodies specific to the deleted exons of the dystrophin gene.

 

Results.

 

There was no significant difference in mus-
cle strength between arms injected with myoblasts and
sham-injected arms. In one patient, 10.3 percent of mus-
cle fibers expressed donor-derived dystrophin after myo-
blast transfer. Three other patients also had a low level
of donor dystrophin (

 

�

 

1 percent); eight had none.

 

Conclusions.

 

Myoblasts transferred once a month for
six months failed to improve strength in patients with
Duchenne’s muscular dystrophy. The value of exon-spe-
cific peptide antibodies in the interpretation of myoblast-
transfer results was demonstrated in a patient with Du-
chenne’s muscular dystrophy who had a high percentage
of donor-derived dystrophin. Specific variables affecting
the efficiency of myoblast transfer need to be identified in
order to improve upon this technique. (N Engl J Med
1995;333:832-8.)
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D

 

UCHENNE’S muscular dystrophy is an X-linked
disorder caused by deficiency of the protein dys-

trophin.

 

1,2

 

 In animals, myoblast transfer was shown to
be a promising method of dystrophin replacement.

 

3-5

 

The technique consists of injecting skeletal muscles
with donor cells capable of fusing with host muscle fi-
bers and thus providing the missing gene to replace
dystrophin. Encouraging results in murine dystro-
phies

 

3-5

 

 led to clinical studies in patients with Du-
chenne’s muscular dystrophy.

 

6-10

 

 In one report, donor-
derived dystrophin transcripts were demonstrated one
month after myoblast injection.

 

6

 

 Other investigators
failed to identify donor-derived dystrophin or messen-
ger RNA.

 

7-10

 

 No improvement in strength was observed
in any controlled study of myoblast transfer,

 

6,7,9

 

 although
uncontrolled trials suggested that muscle strength could
be increased.

 

8,10

 

 Immunosuppression to prevent rejec-
tion of donor cells was used in two controlled trials

 

6,7

 

and one uncontrolled trial.

 

10

 

 The use of antiinflam-
matory agents introduces another variable into the
interpretation of myoblast transfer, because predni-
sone

 

11

 

 and cyclosporine

 

12

 

 have been reported to im-
prove strength in patients with Duchenne’s muscular
dystrophy.

This study differs from previous controlled investi-

gations in several ways. First, instead of a one-time
transfer, myoblasts were transferred from donor to host
muscles once a month for six months. One study had
suggested that myoblasts could assume a satellite-cell
position and be available for fusion at a subsequent
time.

 

13 

 

Second, dystrophin expression was measured
by the use of peptide antibodies specific to the deleted
exons of the dystrophin gene. This method allows one
to distinguish between dystrophin-positive fibers de-
rived from donor DNA and host fibers that had revert-
ed to normal (“revertant” fibers).

 

14,15

 

 Third, patients
were randomly assigned to receive cyclosporine or pla-
cebo, permitting a direct assessment of the need for
antirejection drugs and of the effect of cyclosporine on
muscle strength.

 

M

 

ETHODS

 

Patient Population

 

Twelve boys with Duchenne’s muscular dystrophy participated in
this one-year randomized, double-blind trial of myoblast transfer
(Table 1). Informed consent was obtained from the parents of all sub-
jects; clinical outliers were excluded.

 

16

 

 To be eligible for the study the
boys had to be ambulatory; be 5 to 10 years of age; have an identi-
fiable deletion in the dystrophin gene in peripheral-blood leuko-
cytes

 

17,18

 

; have no dystrophin on Western blot analysis of a muscle-
biopsy specimen

 

2

 

; be able to cooperate for efficacy testing; have an
available donor free of serologic evidence of the human immuno-
deficiency virus, human T-cell lymphotrophic virus type I, hepatitis
B virus, cytomegalovirus, Epstein–Barr virus, or syphilis; and have
a haplotype compatible with that of the donor (Table 1).

 

19,20

 

Myoblast Cultures

 

Selected heterogeneous populations of normal human myoblasts
were isolated without the aid of mechanical sorting, according to es-
tablished culture techniques.

 

21,22

 

 The method yielded approximately
1

 

�

 

10

 

8

 

 cells by the second passage. Muscle samples of 1 g were re-
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moved from the biceps brachii of all donors. Half the sample was
minced and dissociated immediately; the other half was maintained
at 4

 

�

 

C for seven days before dissociation. The dissociation cocktail
consisted of 0.01 percent trypsin (Worthington Biochemical, Free-
hold, N. J.), collagenases I and II (Sigma, St. Louis), and 0.02 percent
EDTA. The delay before isolation provided a greater yield of myo-
blasts in some but not all cases. After the dissociation step, the mus-
cle cultures were treated identically at every stage. The growth me-
dium for all cultures was Ham’s MCDB 121 (Clonetics, San Diego,
Calif.) supplemented with 15 percent fetal-calf serum. For each cul-
ture we verified that more than 95 percent of cells expressed the my-
oblast-specific neural-cell adhesion molecule using antibody 5H.11
(courtesy of Frank Walsh, Ph.D.)

 

23

 

 with a Coulter Elite fluorescence-
activated cell sorter.

Before myoblast transfer all donor cultures were tested for fusion
competency. Each culture was plated in growth medium at 1

 

�

 

10

 

4

 

 per
square centimeter, allowed to reach 80 percent confluency, and then
incubated for 14 days in a fusion medium (Ham’s F10) of which
5 percent consisted of the patient’s own serum (previously harvest-
ed), with 10 

 

m

 

g of insulin per milliliter.

 

22

 

 After trypsinization, the
cells were counted with a phase microscope with a standard hemocy-
tometer. For the first transfer the percentage of cells capable of fusing
(the number of multinucleated cells/the total number of cells) was as
follows: Donor 1, 58 percent; Donor 2, 48 percent; Donor 3, 53 per-
cent; Donor 4, 67 percent; Donor 5, 70 percent; Donor 6, 37 percent;
Donor 7, 50 percent; Donor 8, 50 percent; Donor 9, 62 percent;
Donor 10, 74 percent; Donor 11, 74 percent; and Donor 12, 67 per-
cent. We demonstrated the ability of the multinucleated cells (myo-
tubes) to express dystrophin using standard immunostaining meth-
ods.

 

14,15

 

Twenty-four hours before each myoblast transfer, bovine proteins
in the growth medium were replaced with the patient’s own serum
(15 percent). Immediately before injection the myoblasts were har-
vested, washed in phosphate-buffered saline, and resuspended in
phosphate-buffered saline with 1 percent human serum albumin (Bax-
ter Laboratories, Deerfield, Ill.), at a final concentration of 1

 

�

 

10

 

6

 

cells per 100 

 

m

 

l. Two hundred microliters, representing 2 million
cells, or an equivalent volume of diluent without cells was loaded into
individual 1-ml precoded (myoblast injection or sham injection) sy-

ringes for injection. An aliquot of each prepared suspension of myo-
blasts demonstrated more than 98 percent viability on the basis of
the trypan-blue exclusion method.

Before the myoblasts were transferred, additional tests for adven-
titious agents (bacteria, fungi, mycoplasma, and virus) and pyroge-
nicity were performed by the Ohio State University Hospitals De-
partment of Microbiology, in accordance with the Public Health
Service Diagnostic Laboratory practices and the guidelines of the
American Type Culture Collection for quality control of cell lines.

 

24-26

 

Myoblast-Transfer Procedure

 

Only the biceps brachii muscles were injected. The patients’ arms
were randomly assigned to receive either myoblast injections or sham
injections (Table 1). Before each transfer procedure, the patients re-
ceived intramuscular meperidine hydrochloride (2.0 mg per kilo-
gram of body weight) and intravenous lorazepam (0.05 mg per kil-
ogram). Fifty-five sites, each 5 mm apart, distributed in 11 rows and
5 columns, were injected throughout the depth of the muscle with a
1.5-inch, 27-gauge needle. The patients and investigators were un-
aware of which arm received the myoblasts and which the sham in-
jections.

 

Immunosuppression

 

The patients were randomly assigned to receive placebo or oral cy-
closporine (5 mg per kilogram per day in divided doses) beginning
the day before the initial transplantation and continuing throughout
the entire 12 months of the study. On the day before each transplan-
tation and for three days thereafter, all patients (irrespective of
whether they had been assigned to placebo or cyclosporine) received
prednisone at a dose of 2 mg per kilogram per day to diminish in-
flammatory infiltration at the injection sites in the peritransplanta-
tion period.

 

Clinical Evaluation

 

The primary efficacy variable for myoblast transfer was the max-
imal voluntary isometric strength of elbow flexion (Biomedical De-
signs, Edmonton, Alberta, Canada). The system uses a force trans-

 

*Mismatches of HLA haplotypes that could be recognized by the patients’ cells are in boldface.

 

Table 1. Characteristics of the Patients and Myoblast Donors.
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I

 

MMUNOTHERAPY

 

1 7 51 Brother, 15 Patient:
Donor:

A25
A25

A28
A28

BW22
BW22

BW27
BW27

Dr1
Dr1

Dr6
Dr6

Left Cyclosporine

2 6 47–50 Brother, 3 Patient:
Donor:

A3
A3

A11
A11

B7
B7

B45
B45

Dr2
Dr2

Dr4
Dr4

Right None

3 8 2–20 Father, 33 Patient:
Donor:

A1
A1

AW30 B13
B13

B17
B17

Dr7
Dr7

Left Cyclosporine

4 6 46–53 Father, 37 Patient:
Donor:

A1
A1

A2
A2

B37
B37

B44

 

B57

 

Dr4

 

Dr7

 

Dr10
Dr10

Right None

5 9 45 Brother, 6 Patient:
Donor:

A1
A1

A2

 

A3

 

B7
B7

B44 Dr4
Dr4

Dr13
Dr13

Left Cyclosporine

6 9 43 Father, 40 Patient:
Donor:

A1

 

A28

 

A2
A2

B49
B49

B57
B57

Dr4

 

Dr11

 

Dr7
Dr7

Left None

7 7 45, 46 Father, 36 Patient:
Donor:

A1
A1

A11 B8
B8

B51

 

B37

 

Dr15

 

Dr4

 

Dr17
Dr17

Left Cyclosporine

8 5 45, 46 Father, 36 Patient:
Donor:

A1
A1

A11 B17

 

B8

 

B37
B37

Dr4
Dr4

D7

 

Dr17

 

Right Cyclosporine

9 7 45–52 Father, 35 Patient:
Donor:

A3
A3

A25

 

A2

 

B7
B7

B8

 

B62

 

Dr3 Dr4
Dr4

Right None

10 6 3–33 Father, 35 Patient:
Donor:

A2
A2

A10

 

A3

 

B44
B44

BW35

 

B7

 

Dr4
Dr4

Dr7

 

Dr13

 

Right Cyclosporine

11 8 18–27 Father, 35 Patient:
Donor:

A25
A25

AW30

 

A3

 

B8
B8

B49

 

BW35

 

Dr3
Dr3

Dr7

 

Dr2

 

Left None

12 5 18–27 Father, 35 Patient:
Donor:

A25
A25

AW30

 

A3

 

B8
B8

B49

 

BW35

 

Dr3
Dr3

Dr7

 

Dr2

 

Right None
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ducer with a load of 0.5 to 1000 N (approximately 0.05 to 100.0 kg).
For each muscle group the final value recorded represented the aver-
age of three consecutive trials.

The effects of cyclosporine on muscle strength at sites distant from
the site of the myoblast transfers were determined by recording the
maximal voluntary isometric strength of elbow extension and by
manual muscle testing of 34 muscle groups (excluding the injected
muscles) to obtain the average muscle score.

 

11,16

 

Muscle Biopsies after Myoblast Transfer

 

Biopsies of bilateral biceps brachii muscle were performed at one
year (six months after the final myoblast transfer). Superficial and
deep pieces of vertically aligned muscle, each measuring 0.5 by 1 cm,
were removed, and the samples were processed for histochemical
analysis and immunostaining for dystrophin as previously de-
scribed.

 

14,15,27,28

 

 Dystrophin antibodies included those directed to
the carboxy terminal (NCL-DYS2, Novacastra Laboratories, New-
castle upon Tyne, United Kingdom) and polyclonal and monoclon-
al antibodies (Table 2) raised against exon-specific peptides of the
deleted exons of the patients. The polyclonal antibodies included
Ab2 and Ab4 for exons 8 and 51, respectively,

 

28 

 

and 9218 for exons
48 through 52.

 

15

 

 The monoclonal antibodies were as follows:
MANDYS1-15 for exons 31 and 32,

 

27

 

 MANDYS17 for exons 26 and
27,

 

27

 

 MANDYS106 for exon 43,

 

27

 

 MANEX45A for exon 45,

 

29

 

 and
MANEX50 for exon 50.

 

29

 

The area of each muscle section was determined with a morpho-
metric system as previously described.

 

30

 

 The number of individual
muscle fibers in each section was counted manually in sections stained
with modified trichrome. The numbers of dystrophin-positive fibers
were counted by two investigators without knowledge of which arms
had been injected with myoblasts and which had been sham-injected.
The counts did not differ by more than 5 percent between investiga-
tors for any patient. The number of dystrophin-positive fibers per
square millimeter of area and the percentage of dystrophin-positive
fibers per muscle section represent the average of the two counts.

 

Statistical Analysis

 

Data were collected with MS Excel and transferred to SAS JMP
for analysis. Before conducting the statistical analysis, we divided the
study into five periods and calculated aggregate data for each re-
sponse variable as follows: period 0, mean of two base-line measure-
ments; period 1, mean of months 1 through 3; period 2, mean of
months 4 through 6; period 3, mean of months 7 through 9; and pe-
riod 4, mean of months 10 through 12. After the aggregate data were
calculated, a second manipulation was performed. The difference

from base line was calculated for each period, and the differences
from base line for periods 2 through 4 were used in the statistical
analysis. All analyses used a repeated-measures analysis of variance
model in which the response variable was the calculated difference
from base line for each quantitative measure (i.e., quantitative iso-
metric muscle strength of elbow flexor, average muscle score, and so
on). In the analysis-of-variance model, the treatment period was in-
cluded as a nominal factor, immunosuppression (cyclosporine vs. no
cyclosporine) was included as a treatment factor, and subjects were
included as random factors within each treatment group. An interac-
tion term involving the treatment factor and time factor was also in-
cluded. A P value of 0.05 or less was considered to indicate statistical
significance.

 

R

 

ESULTS

 

Maximal Voluntary Isometric Strength

 

Myoblast transfer had no effect on muscle strength
(Fig. 1 and 2). Patients underwent myoblast transfer at
base line (month 0) and months 1, 2, 3, 4, and 5 for a
total of six transfers. In each case, the maximal volun-
tary isometric strength was measured the day before
myoblast transfer. The final test of efficacy was per-
formed at 12 months. Figure 1 shows data from all
patients irrespective of whether they received immuno-
suppressive therapy. At no point was there a statistical-
ly significant difference in the degree of change from
base line between arms injected with myoblasts and
sham-injected arms. Figure 2 shows the results in the
two groups according to whether cyclosporine was giv-
en. Cyclosporine therapy had no beneficial effect on
myoblast transfer.

 

Expression of Dystrophin

 

The expression of dystrophin was initially examined
after myoblast transfer with a monoclonal antibody to

 

Table 2. Expression of Donor-Derived Dystrophin after Myoblast
Transfer.
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 ANTIBODIES

1 Ab4
9218

51
48–52

0
0

2 MANEX50
9218

50
48–52

0
0

3 Ab2 8 �1

4 MANEX50
9218

50
48–52

0
0

5 MANEX45A 45 10.3

6 MANDYS106 43 �1

7 MANEX45A 45 0

8 MANEX45A 45 0

9 MANEX50 50 0

10 MANDYS1-15 31, 32 0

11 MANDYS17 26, 27 0

12 MANDYS17 26, 27 �1

Figure 1. Mean (�SD) Change from Base Line (Month 0) in
Maximal Voluntary Isometric Strength of Elbow Flexion, Accord-
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Myoblast transplantation was performed at base line and
months 1, 2, 3, 4, and 5. Strength was measured for 12 months
after the initial myoblast or sham transfer. There was no signifi-
cant difference between arms undergoing myoblast transfer and

arms undergoing sham transfer.
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the carboxy terminal. There were no significant differ-
ences in the mean (�SD) number of dystrophin-posi-
tive fibers between the myoblast-injected arms (super-
ficial region, 2.57�3.18 fibers per square millimeter;
deep region, 2.68�2.7 fibers per square millimeter)
and sham-injected arms (superficial region, 2.69�3.87
fibers per square millimeter; deep region, 3.96�5.23 fi-
bers per square millimeter). Without the use of exon-
specific peptide antibodies for deleted exons it was not
possible to determine whether any dystrophin-positive
fibers in the arms receiving myoblasts expressed do-
nor-derived dystrophin or represented revertant fi-
bers.14,15 A panel of peptide-specific antibodies raised
against deleted exons of the patients unequivocally
identified muscle fibers expressing donor-derived dys-
trophin. As shown in Table 2, in 4 of the 12 patients

muscle fibers expressing donor-derived dystrophin were
identified. Only a single positive fiber was found in the
entire cross section of muscle from Patients 3 and 6,
and two positive fibers were identified in muscle from
Patient 12. This small number is less than the 1 per-
cent of revertant fibers that express dystrophin that
are usually observed in patients with Duchenne’s mus-
cular dystrophy.14,15 In contrast, Patient 5 had both
small and large fibers expressing donor-derived dys-
trophin (Fig. 3): 10.3 percent of the muscle fibers ex-
hibited dystrophin contributed by the patient’s brother
(420 dystrophin-positive fibers of a total of 4080 fi-
bers). The number of dystrophin-positive fibers was
nearly equally distributed in the superficial and deep
regions of the transplanted muscle. Patient 5 and his
mother both had the same deletion of exon 45 (data
not shown), excluding somatic mosaicism as an expla-
nation for the patient’s dystrophin-positive fibers after
myoblast transfer.

Effects of Cyclosporine on the Strength of Muscles Not 
Undergoing Myoblast Transfer

Six boys were treated with 5 mg of cyclosporine per
kilogram per day, and six boys received placebo for
one year. As shown in Figure 4, there was no sig-
nificant difference in the average muscle scores be-
tween the cyclosporine-treated boys and those given
placebo. The loss of muscle strength in both groups
was similar to the previously established natural rate
of decline.16 In addition to manual muscle testing, we
studied the right and left elbow extensors using maxi-
mal voluntary isometric strength as a measure of effi-
cacy in the cyclosporine-treated and placebo groups.
This sensitive measure also failed to identify signifi-
cant differences in strength between the two groups
(Fig. 5).

Side Effects

Blood levels of cyclosporine were monitored every
month and adjusted to maintain therapeutic levels.
Most patients had transient soreness in the injected
muscles that typically resolved within three to four
days of the procedure. No local or systemic evidence of
immune-mediated rejection was seen.

There was no significant difference in the number of
side effects between the patients treated with cyclo-
sporine and those given placebo, although excessive
hair growth was more common in the cyclosporine-
treated group (reported at eight follow-up visits, as
compared with one visit in the placebo group) (Table
3). Mild upper respiratory tract infections or otitis me-
dia that resolved with antibiotic treatment was report-
ed at six follow-up visits in the cyclosporine group and
seven follow-up visits in the placebo group. One pa-
tient in each group had transient urticaria lasting two
to three weeks that resolved without treatment. In a
single patient (treated with cyclosporine) a focal cellu-
litis developed over the buttocks, requiring drainage

Figure 2. Mean (�SD) Change from Base Line (Month 0) in
Maximal Voluntary Isometric Strength of Elbow Flexion, Accord-
ing to Whether Myoblast Transfer or Sham Transfer Was Per-
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and antibiotic treatment. None of the monitored labo-
ratory values differed significantly between the two
groups. No patient had to discontinue cyclosporine ther-
apy prematurely, and none had dose-limiting changes in
blood pressure or renal function.

DISCUSSION

The present study evaluated myoblast transfer as a
treatment for Duchenne’s muscular dystrophy.31 We
used a multiple-injection protocol in which myoblasts
were transferred once a month for six months. In a
previous report, two transfers of myoblasts to the same
muscle in one patient seemed to increase the number
of dystrophin-positive fibers.32 Our patients received
twice the number of myoblasts per injection site as
were given in previous controlled studies.6,7,9 A total of
660 million myoblasts were delivered to the biceps
brachii muscle of each patient. Law et al. delivered a
total of 5 billion cells through 48 injections into the
major muscle groups in both legs of patients in an un-
controlled trial.10 We observed no improvement in mus-
cle strength in any patient, including the boy with 10
percent dystrophin-positive fibers.

An important step in assessing myoblast therapy is
determining the extent of expression of donor-derived
dystrophin. Gussoni et al. used a method involving the
reverse-transcriptase polymerase chain reaction and
concluded that 1 percent of host muscle fibers in the
transplanted region expressed donor-derived dystro-
phin.6 Although messenger RNA was detected, the lev-
els were low and could have arisen from transcription
in myoblasts that had not fused to host muscle fibers.
Indeed, these investigators found no difference in the
number of dystrophin-positive fibers between muscle
injected with myoblasts and sham-injected muscle.
The dystrophin-positive fibers on the sham-injected
side presumably represented revertant fibers, believed
to arise from a second-site mutation in the dystrophin
gene that corrects the reading frame.14,15 The problems
in distinguishing the source of dystrophin in the trans-
planted region are further illustrated by a patient de-
scribed by Karpati et al.; in this patient 5 percent of
fibers were positive for dystrophin, yet no donor-
derived DNA or RNA was found.7 In the present study,
antibodies were raised to peptides from the deleted
DNA exons of each patient. Four patients had donor-
derived dystrophin. In three, the proportion of dystro-
phin-positive fibers was meager, but in a single patient
the proportion was considerable (10.3 percent of all fi-
bers). The dystrophin-positive fibers were distributed
equally throughout the superficial and deep regions of
the biceps muscle, probably reflecting the method of
myoblast injection throughout the belly of the muscle.
Our observation is a convincing demonstration of the
transcription and translation of dystrophin by donor
myoblast cells. The 10 percent level of dystrophin ex-
pression observed in one patient also has particular
importance, since Cox et al. estimated that a 20 per-
cent level of dystrophin expression was potentially pro-
tective in experiments with transgenic mice.33 Unfortu-

Figure 3. Section of Muscle from Biceps Brachii of Patient 5, in
Whom Exon 45 Was Known to Be Deleted.

In Panel A, immunostaining with a monoclonal antibody specific
for exon 45 (MANEX45A)29 revealed donor-derived dystrophin
on the sarcolemma of the muscle from the arm receiving the my-
oblast transfers (�270). The dystrophin-positive fibers (dark
membrane) were not contiguous and varied in size (arrows).
Muscle fibers showing no dystrophin staining surrounded the
cluster of positive fibers. In an adjacent area of the same mus-
cle-biopsy specimen (Panel B), immunostaining with peptide-
specific antibody for exon 45 revealed larger, contiguous muscle
fibers, most of which expressed donor-derived dystrophin on the
sarcolemma (�350). A section of muscle from the sham-inject-
ed arm stained with the exon 45–specific monoclonal antibody

showed no dystrophin expression (Panel C, �350).

A

B

C
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nately, we found no accompanying increase in muscle
strength.

It would be of interest to know what factors gov-
erned the survival, fusion, and expression of donor
myoblasts in our patients.7 Connective-tissue barriers
alone cannot account for the lack of success, since the
patient with the highest level of dystrophin expression
was one of the two oldest in the study (age, 9 years)
(Table 1). The older age of this patient also tends to
negate the possibility that favorable results of myo-
blast transfer depend on the presence of a greater num-
ber of random clusters of regenerating fibers, a finding
more prevalent in young patients. The likelihood that
the presence of basal lamina hinders myoblast fusion
is also not supported by our successful results in
the older patient. Immune-mediated rejection probably
does have a role, as illustrated in a series of studies by

Huard et al.8,13 and Tremblay et al.9 In our study the
only patient with positive results was taking cyclospor-
ine. Whether this is the predominant factor underlying
the relative success of the procedure in a single patient
cannot be determined. We did not measure serum an-
tibodies to dystrophin.13 Possibly other immunosuppres-
sive regimens could increase the success of myoblast
transfer, as indicated by improved results in mdx mice
given tacrolimus (FK 506).34 

The use of prednisone at the time of myoblast trans-
fer could have potential inhibitory effects on myoblast
fusion, but in vivo results might be difficult to predict.
In cultures of muscle from patients with Duchenne’s or
Becker’s muscular dystrophy, methylprednisolone in-
hibits myoblast fusion.35 In contrast, glucocorticoids
have no effect on normal cultures35 but enhance the
expression of dystrophin in cultures of normal muscle
and muscle from patients with Becker’s muscular dys-
trophy in which fusion is arrested.36 

A secondary outcome variable of our study con-
cerned the effects of cyclosporine in patients with
Duchenne’s muscular dystrophy. Sharma et al. report-
ed that treatment with cyclosporine (5 mg per kilo-
gram per day) increased the strength of tibialis anteri-
or muscles, as measured by tetanic force and maximal
voluntary isometric contraction.12 The improvement
occurred as early as two weeks after treatment began
and persisted for eight weeks. In that open-label study,
the response in cyclosporine-treated patients was com-
pared with the natural rate of decline of muscle
strength in Duchenne’s muscular dystrophy. We were
unable to confirm a cyclosporine-induced improve-
ment in strength. We found no difference in strength
between cyclosporine-treated patients and patients giv-
en placebo by using manual muscle testing11 or maxi-
mal voluntary isometric strength of elbow extensors.
Although because of our small sample (12 patients) the
results of this negative study should be interpreted
with caution, the accuracy of the findings is supported
by the fact that neither group showed significant devi-
ations from our previously established natural rate of
decline in muscle strength in Duchenne’s muscular
dystrophy.11,17,37 

In conclusion, our study indicates that myoblast

Figure 4. Mean (�SD) Change from Base Line (Month 0) in the
Average Muscle Score, According to Whether the Patients Re-
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There was no significant difference in the rate of decline in the
average muscle score between the two groups. The scores
were measured on a 10-point scale in which 10 was the highest

possible score.11

Figure 5. Mean (�SD) Change from Base Line (Month 0) in
Maximal Voluntary Isometric Strength of Elbow Extension, Ac-
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cording to Whether the Patients Received Cyclosporine.
There was no significant difference in the rate of decline in

strength between the two groups.

*The values represent the numbers of follow-up visits at which each
side effect was reported.

†None of the following side effects of cyclosporine were reported:
chills, hand tremor, numb hands or feet, skin changes, or fever.

Table 3. Side Effects of Cyclosporine and Placebo.*

SIDE EFFECT CYCLOSPORINE† PLACEBO

no. of visits

Acne 1 0

Hair growth 8 1

Sore throat 1 1

Mouth ulcers 1 2

Fever 0 2

Gum hypertrophy 4 4

Total 15 10
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transfer in its current state of development does not
improve strength in patients with Duchenne’s muscu-
lar dystrophy despite the transfer of a large number of
cells. However, we also demonstrated that myoblast
transfer can be used to deliver cells capable of fusing
with host muscle fibers and expressing donor-derived
dystrophin. Only through further work will it be pos-
sible to identify the important variables affecting the
efficiency of transfer and thus making the use of myo-
blasts a potential form of cell therapy for muscle dis-
eases.

We are indebted to the patients and their families; tremendous de-
mands were placed on them in terms of time, effort, and expense in
complying with all the complexities of the study.
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