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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

UCHENNE’S muscular dystrophy is an X-linked
disorder caused by deficiency of the protein dys-
trophin.»? In animals, myoblast transfer was shown to
be a promising method of dystrophin replacement.*>
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®> led to clinical studies in patients with Du-
chenne’s muscular dystrophy.!° In one report, donor-
derived dystrophin transcripts were demonstrated one
month after myoblast injection.® Other investigators
failed to identify donor-derived dystrophin or messen-
ger RNA.""1” No improvement in strength was observed
in any controlled study of myoblast transfer,>” although
uncontrolled trials suggested that muscle strength could
be increased.®'” Immunosuppression to prevent rejec-
tion of donor cells was used in two controlled trials®’
and one uncontrolled trial!® The use of antiinflam-
matory agents introduces another variable into the
interpretation of myoblast transfer, because predni-
sone!! and cyclosporine!? have been reported to im-
prove strength in patients with Duchenne’s muscular
dystrophy.
This study differs from previous controlled investi-
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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.)

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.!® 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).'*" 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.

METHODS
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.'® 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'®; have no dystrophin on Western blot analysis of a muscle-
biopsy specimen?; 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).!%%

Myoblast Cultures

Selected heterogeneous populations of normal human myoblasts
were isolated without the aid of mechanical sorting, according to es-
tablished culture techniques.?”?? The method yielded approximately
1X10% cells by the second passage. Muscle samples of 1 g were re-
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