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Short report

Expression of membrane antigens in myotonic
dystrophy
FRANK S WALSH, STEPHEN E MOORE, JOHN G DICKSON

From the Institute of Neurology, Queen Square, London, UK

SUMMARY Muscle biopsies from a series of myotonic dystrophy patients were analysed for
expression of the nerve regulated gene products neural cell adhesion molecule (N-CAM) and
5 1 H 1. All eight biopsy specimens tested strongly expressed N-CAM and 5 1 H11 as assessed by
indirect immunofluorescence analysis. These results can be compared with those of Renaud et al
(Nature, 1986;319:678) that show apamin binding to be a good marker of myotonic dystrophy
muscle membranes. We suggest that in myotonic dystrophy a number of nerve regulated membrane
markers are precociously expressed by innervated myofibres and that these are likely to be
secondary manifestations resulting from an unidentified primary defect.

Myotonic dystrophy is an autosomal dominant dis-
ease affecting muscle and a variety of other organs.1
The defective gene has recently been assigned to the
short arm of chromosome 192 3 but has not yet been
isolated. Experimental studies on the cell membrane
of muscle and non-muscle cells from myotonic dys-
trophy patients has led to the suggestion that the pri-
mary gene defect is expressed at the cell membrane.4
These data are, however, also compatible with a
defect at another site leading secondarily to cell mem-
brane changes. Renaud et al have recently found
that '25I-apamin binding sites are present in myo-
tonic dystrophy muscle and may be a good marker
for the membranes of muscle cells in myotonic dys-
trophy. This claim was based on the observation that
apamin receptors were present in myotonic dystrophy
muscle tissue but not in samples from control patients
or patients with anterior horn disorders. If any cell
membrane molecule is to be considered to be a good
marker of a neuromuscular disease it should fulfil a
number of basic criteria. These should include an ele-
ment of specificity in its pattern of expression such
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that other membrane markers with similar modes of
regulation are not also expressed and there should be
disease specificity such that neuromuscular diseases
of unrelated pathology should not express the
marker. We report here that two human muscle mem-
brane components whose regulation appears to be
coordinate with apamin binding,68 namely neural
cell adhesion molecule (N-CAM)9- 13 and 51 HII
antigen4 1 5 have a similar profile of reactivity to apa-
min binding on myotonic dystrophy and other muscle
samples. We therefore suggest that apamin binding
may not be a good marker for myotonic dystrophy
but instead may define simply a set of gene products
that are coordinately regulated pathologically but
with a lack of specificity.

Methods

The eight myotonic dystrophy biopsy specimens used in the
present study were obtained from patients (four male and
four female; age range 23-50 years. mean = 38) presenting
at the National Hospital, London, and were diagnosed by
Dr J Morgan-Hughes. Indirect immunofluorescence analysis
and haematoxylin and eosin (H&E) staining was carried out
on these specimens as described previously.1 The anti-
bodies used were either rabbit anti-D2-CAM that reacts
with N-CAM'6 (generously donated by Dr E Bock, Protein
Laboratory, University of Copenhagen), or mouse mono-
clonal antibody (McAb) 5- IH I.1 1 5 For fibre type analysis
serial sections were stained with McAb 29 1 D 12 which
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Expression ofmembrane antigens in myotonic dystrophy
reacts with adult fast myosin heavy chain.17 In all cases the
staining found with the antibodies was specific as omission
of the first antibody or substitution of an antibody that did
not react with muscle cells led to a complete loss of specific
staining.

Results

A series of myotonic dystrophy biopsy specimens
were stained with N-CAM and 51HII antibodies.
The figure shows a typical example of a myotonic dys-
trophy muscle biopsy specimen double stained with
these two reagents and serial sections stained by anti-
fast myosin or H&E. The biopsy shows features char-
acteristic of myotonic dystrophy such as type I fibre
atrophy, type 2 fibre hypertrophy and a large number
of internal nuclei.1 The type 2 fibres are strongly pos-
itive for both N-CAM and 5 IHI1. This was a
reproducible feature of all specimens tested but the
significance of this observation is not clear at present.
Staining is associated with both the cell membrane
and cytoplasm of myofibres, as has been found in
other pathological material with these two anti-
bodies."5 18 The significance of the cytoplasmic stain-
ing is not yet known, but by analogy to animal studies
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may represent staining of the T-tubules.10 The type I
fibres were also stained by N-CAM and 5 1 H 11 anti-
bodies and although these fibres were generally
weaker in intensity, they were nevertheless all above
background levels. All of the myotonic dystrophy
specimens analysed in the present study reacted with
N-CAM and 51HI1 antibodies in a qualitatively
similar manner and data on one case only are there-
fore presented. The reactivities reported above can
therefore be regarded as common features of myo-
tonic dystrophy muscle membranes. The indirect
immunofluorescence analysis presented here allows
an assessment as to whether or not an antigen is
present in the muscle membrane but does not allow
any conclusions regarding absolute levels of specific
membrane antigens. Further quantitative analyses
would be required to further address this point.

Discussion

The present data on the expression of N-CAM and
5-1lH 1 in myotonic dystrophy biopsies taken
together with our previous observations on their lack
of expression in adult denervating disease18 19 show
that these two molecules and the apamin receptor are

Fig Indirect immunofluorescence staining ofserial sections ofa muscle biopsy specimenfrom a myotonic dystrophy patient.
(a) Hand Estain, (b) McAb 29.JDJ2 stain to showfast and slow myofibres, (c) anti-N-CAM stain and (d) McAb 5.HIJ
stain. Bar represents l00 gm.
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subject to similar control mechanisms in these sam-
ples of normal and diseased muscle. The so-called all
or none expression of the apamin receptor is a feature
that is not unique to this molecule but is shared by
other nerve regulated gene products such as N-CAM
and 5 1 H 1 1. One interesting aspect of the expression
of these three muscle markers is that in myotonic dys-
trophy this occurs in innervated myofibres, both the
hypertrophic type 2 fibres and the type 1 fibres, sug-
gesting that there must be additional factors other
than innervation status that can modulate their
expression. For N-CAM this is the first evidence of
factors other than innervation being able to control
its expression in adult myofibres that normally
repress the N-CAM gene. Recently we have shown
that hormonal status can markedly effect expression
of the N-CAM gene; experimentally induced hypo-
thyroidism causes an activation of N-CAM gene
expression in fully innervated myofibres.20 The
expectation from animal denervation experiments is
that N-CAM and apamin receptor would be present
in muscle membranes of adults with denervating dis-
ease. However, none of the markers studied have been
found to be expressed in these diseases. 5 55 18 Possible
reasons for this apparent discrepancy include the sug-
gestion that they occur below the detection level of
the assays used or alternatively that adult denervating
diseases are not indeed exact parallels of the animal
experimental models. 19 21 Support for the latter pro-
posal comes from one study of infantile muscular
atrophy samples where denervated fibres express both
N-CAM and 51H11.1921
The reported specificity found for apamin receptor

expression between myotonic dystrophy and anterior
horn cell disease is thus not unique since it is shared
by at least two other membrane proteins N-CAM
and 5- 1HI 1. It is therefore likely that the precocious
expression of these gene products in myotonic dys-
trophy muscle reflects secondary changes occurring as
a consequence of an as yet unidentified primary gene
defect. While at least some of the electrophysiological
features of myotonic dystrophy may be explained by
increased or activated apamin receptor expression,
the observed high levels ofN-CAM and 5-1HI 1 sug-
gests that there is likely to be a number of secondary
changes occurring in myotonic dystrophy muscle
unlinked to the primary lesion, but perhaps mech-
anistically associated with the clinical phenotype. It
will be of some interest to determine whether other
muscle diseases, such as Duchenne muscular dys-
trophy, that express high levels of N-CAM'8 and
5-IH 1 15 also express apamin receptors.
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