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Fusion between a myogenic cell in the satellite cell position and undamaged adult myofibre segments
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Abstract. In this report we demonstrate for the first time that differentiating myogenic cells, geographically located
between the plasmalemma and external lamina of myofibres in the satellite cell position 3, can fuse directly with the
plasmalemma of undamaged segments of mature myofibres.
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Materials and methods

The mid region of the tibialis anterior of a mature (8-
week-old) female SJL/J mouse was injured transversely
by superficial application of Karnovsky’s fixative !. Four
days after injury mice under halothane anaesthesia were
perfused with 2.5% glutaraldehyde (in 0.05 M cacody-
late buffer pH 7.4) via the left ventricle and muscle sam-
ples were removed and placed in fresh fixative for 24 h.
They were then postfixed in 1% OsO,, dehydrated in
ethanol and embedded (after critical orientation) in
araldite. The blocks were then sectioned with an LKB
ultramicrotome and 50-nm sections were mounted on
thin bar 200-mesh copper grids, stained in a lead citrate
solution and examined in a Philips 410LS transmission
electron microscope at an accelerating voltage of 80 kV.

Results

In regenerating skeletal muscle of adult mice examined 4
days after chemical injury * numerous myogenic cells in-
cluding activated satellite cells, myoblasts and myotubes
were observed in the space between the plasmalemma
and the external lamina of injured myofibres at a sub-
stantial distance (> 0.5 mm) from the injury site. Cyto-
plasmic continuity which is indicative of fusion was ob-
served between a myogenic cell and a closely opposed
normal segment of a myofibre (fig. 1). Serial sectioning
demonstrated multiple cytoplasmic confluence along the
closely apposed membranes of these two cells (figs 2a and
2b). The myogenic cell beneath the external lamina con-
tained both thick (myosin) and thin (actin) filaments with
evidence of sarcomeric organisation (fig. 3). This differ-
entiating cell could have been a myoblast, or due to its

Figure 1. A myogenic cell located between the external lamina and plas-
malemma of a myofibre (i.e. in the satellite cell position). Several areas of
cytoplasmic confluence (see figs 2a,b,c) between these two apposed cells
are marked (open and closed arrows) and a myelinoid body (asterisk) is
present in the cytoplasm of this cell. An activated satellite cell (Sc) is also
noted beneath the external lamina and plasmalemma of the myofi-
bre. x 2100.

Figure 2a. High magnification of an area of cytoplasmic continuity be-
tween the apposing cells (shown in fig. 1 by the closed arrow). After
extensive tilting and rotating in a eucentric goniometer, cytoplasmic con-
fluence indicative of fusion can be observed between the two cells at
several sites (arrows). x 18,840.
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Figure 2b. A serial section (approximately 0.5 pm deeper) of the same
area as fig. 2a. Only one site of cytoplasmic confluence can now be seen

between the two cells (arrow). Extensive interdigitation of membranes of
the two cells is apparent. x 25,200.

Figure 2¢. Another possible fusion site (at the location shown by the
open arrow in fig. 1) where cytoplasmic confluence is apparent and the
apposing membranes are distinctive (arrow). x 25,200.
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Figure 3. High magnification of the cytoplasm of the myogenic cell locat-
ed in the satellite cell position, showing thick and thin filaments and
evidence of Z-band material. x 30,120.

large size, a myotube although only one nucleus was
found. Ultrastructurally there was no evidence of dam-
age to the myofibre such as myofilament disorganisation
or mitochondrial abnormalities (fig. 1) at this distance
from the injury site.

Discussion

Skeletal muscle regenerates by fusion of mononuclear
muscle precursors (myoblasts) to form multinucleated
muscle cells (myotubes) and by fusion of these cells with
damaged myofibres. A comprehensive study in our labo-
ratory ! has demonstrated fusion between myogenic cells
in vivo in regenerating adult murine skeletal muscle oc-
curred predominately in the injury zone near, or at, the
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resealed ends? of damaged myofibres. However, direct
fusion with myofibres across an intact external lamina
was never seen.

The demonstration of fusion of a myogenic cell in the
satellite cell® position to an apparently undamaged seg-
ment of a myofibre is a highly significant finding, as
contact of satellite cells with the surface of myofibres has
been reported to suppress proliferation and fusion with
the myofibre *. When skeletal muscle is injured the signal
for satellite cell activation must be transmitted a consid-
erable distance along the myofibre to influence satellite
cells in that region to proliferate and fuse beneath the
external laminal sheath of the myofibre. As demonstrat-
ed, these cells can then fuse directly with the plasmalem-
mal membrane of the myofibre and would contribute
significantly to myonuclear numbers and myofilament
production. In addition, fusion of myogenic cells with
both structurally normal segments of an injured myofi-
bre and with myogenic cells at the site of myofibre dam-
age would result in sarcoplasmic bridges between unin-
jured segments. Eventually such bridges will enlarge and
restore structural continuity to the myofibre affected by
segmental necrosis.

The demonstration of fusion between differentiating
myogenic cells and apparently undamaged segments of
myofibres is of potentially great significance to myoblast
transfer therapy, proposed as a treatment for Duchenne
Muscular Dystrophy>. Injected (normal) donor myo-
blasts probably fuse with (dystrophic) host myoblasts
and myofibres at the site of focal injury and regeneration.
We hypothesise that the phenomenon described in this
study might also occur along the length of dystrophic
myofibres, if donor myoblasts can, in fact, traverse an
intact external lamina.
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