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NEWS AND VIEWS 
MUSCLE DEVELOPMENT----------------------------

Running out of control 
Simon M. Hughes 

THERE is a Chinese proverb that says: 
"When the dust settles you will see if you 
are riding a horse or an ass". The dust was 
in the air when mutations of myoD and 
myf-5, two genes thought to control 
muscle formation, gave rise to mice with 
surprisingly mild muscle deficits1- 3. 

But that was eight months ago. Now, two 
papers on pages 501 and 532 of this issue4 ·s 
begin to clear the air. They show that 
disruption of the myogenin gene, which 
encodes the third, and in some ways 
the most exciting, member of the MyoD 
family of myogenic helix-loop-helix 
(HLH) DNA-binding proteins, 
yields mice that have little 
skeletal muscle. So, unlike myoD 
and myf-5, myogenin seems to 
be required for efficient muscle 
formation. 

perhaps attention should focus on the 
ability of transcription factors like myo
genin to prevent cells entering a new 
cell cycle, in the manner of tumour sup
pressor proteins. When cultured in the 
absence of growth factors, even myo
genin-deficient cells may be forced to 
cease division, and then differentiation 
may follow by default. But in vivo, 
where cells may have access to a rich mix
ture of growth factors and may therefore 
be much closer to re-initiating a cell 
cycle, the lack of myogenin may be 
sufficient to tip the balance in favour 

generated in both studies4·s do have some 
differentiated muscle fibres , the two 
papers diverge about the severity of the 
deficit in different muscles. Nabeshima 
et al. s find more extensive muscle fibre 
formation in back and intercostal muscle 
(which may derive directly from the 
somites, where muscle differentiation 
occurs before myogenin expression) than 
in limb and ventral body-wall 
musculature (which derives from somites 
indirectly through a population of 
migratory precursor cells, that only 
initiate detectable mrogenin expression 
as they differentiate) 2 . Hasty et al. 4 do 
not report these regional differences. The 
discrepancy, if confirmed, could arise 
either from differences in the genetic 
background of the two mouse strains or, 

more worryingly, from minor dif
ferences in the constructs , which 
would imply that one (or both) 
animals lack true null alleles. 

The myoD, myf-5 and myogenin 
mutant mice have several features 
in common. In each case myoblasts 
are formed and can differentiate 
into multinucleate muscle fibres, 
so none of the genes is absolutely 

Myogenin is exciting because, 
like the rest of its family, it can 
convert other cell types to muscle 
and is expressed early in myo
genesis in vivo but, uniquely in the 
family, there is a strong corre
lation between myogenin ex
pression and myoblast differentia-

Differentiation Quiescence required either for commitment to 

tion . Muscle is formed by a multi-
step process in which proliferating 
mononucleate myoblasts first arise 
from the somites; a proportion of Proliferation 

the muscle lineage or for terminal 
differentiation into post-mitotic 
contractile muscle. These animals 
provide a means of examining the 
interactions of myogenic HLH 
family members by breeding for 
double mutants and by analysing 
the behaviour of cultured cells that these myoblasts then migrate to 

limb or ventral body-wall regions 
where they cease division and fuse 
with one another to form multi
nucleate muscle fibres. Analysis of 
limb muscle from one myogenin 
mutant line shows greatly reduced 
numbers of apparently normal 

During G1 a myoblast decides between at least three possible 
routes. Contrary to the classic model of a bimodal switch 
between cell division and differentiation, a myoblast in the 
animal may also have the option to become a quiescent 
satellite cell, which is thought to be the inactive stem cell 
within muscle. A complete explanation of myoblast behaviour 
will take this trichotomy into account. 

are missing particular genes. The 
finding that MyoD can induce 
fibroblasts from the myogenin 
mutant mice to differentiate as 
muscles, is likely to be a first step 
to the dissection of the regulatory 
loops controlling myogenesis. It 

fibres that express myosin surrounded by 
masses of mononucleate cells4 • These 
mononucleate cells may be undifferen
tiated myoblasts because limb tissue from 
the other mutant line will generate large 
numbers of myogenic cells when put in 
cultures. So the mutants seem to have a 
deficiency not of myoblast generation, but 
of differentiation. 

If myogenin functions in differentia
tion , how can one explain the sparse 
formation of fibres? Myogenin may not be 
required for differentiation of all sub
populations of myoblasts (and there is 
strong evidence for myoblast diversity 
from tissue culture work). Alternatively, 
it may simply increase the efficiency of 
myoblast differentiation . Why myoblasts 
without myogenin seem to differentiate 
better in a dish than in the animal is 
puzzling. The absence of myogenin in the 
few muscle fibres that form could cause 
those fibres to inhibit differentiation of 
the surrounding myoblasts, an inhibition 
that can occur in mature muscle6 . Or 
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of proliferation. 
Such a scheme fits both with the 

independent actions of myogenic HLH 
family members in cell division and 
differentiation 7•8 , and with the finding9 

that MyoD and myogenin binding to the 
unphosphorylated retinoblastoma gene 
product (pRB) may enhance both the 
tumour-suppressing abilities of pRB and 
the capacity of myogenin to activate 
muscle differentiation-specific genes. 
Moreover, the differentiation of myo
blasts can be regulated by growth factor
dependent phosphorylation of myo
genin IO, an observation that strongly sug
gests that myogenin is involved in cell
cycle control. As the details of the 
mechanism by which the Gl phase of the 
cell cycle is regulated become clearer11 , it 
seems like ly that muscle , through the 
myogenic HLH proteins, will be at the 
centre of studies of how cells make the 
decision between proliferation , quies
cence and differentiation (see figure). 

Although the myogenin mutant mice 

seems that as the dust settles around 
myogenin and its kin, we may find a race 
of thoroughbreds that will run and run. D 
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