




Muscle Histology in Carriers of Duchenne Muscular Dystrophy
f s <.~~~~~~~~~~~~'

S ~ ~~*
* ~ ~ ~ ~X.X

*~~~~*,*\...~~~~* a ^.1%. .: ..

I*

I

c0g

C.b

t'J.

A. /:o t.

t

I V
- V'VW

!.'4 * .

S . '4*,

V
E4* S

--4
+ - 4 'V

bOO..' 4*

V..

14 4*#
,_j.oc .:

1.w

* 0 *,>',; ..... .......;R, .
.S . .
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FIG. i. Transverse sections of gastrocnemius muscle. (a) Normal muscle (control). (b) Swelling of muscle fibres
(carrier No. I2). (c) A vacuolated necrotic fibre, and phagocytosis of a necrotic fibre (carrier No. 2). (d) Regenerating
muscle fibres (carrier No. 2). ( x 250).

to be an abnormal finding, these fibres were much
more frequent and were situated within fasciculi.
In some of the deeply staining eosinophilic fibres,
the sarcoplasm appeared to have been converted
to floccular masses. In carrier No. I2 there appeared
to be increased variation in fibre size (Fig. i).
In carrier No. 20 swelling of muscle fibres, hya-
linization and increased variation in fibre size were
present as well as an apparent increase in the
number of sarcolemmal nuclei. A few fibres were
necrotic. Necrotic fibres differed from normal
fibres in that they stained grey-blue and not pink,
there were no clearly defined myofibrils, and
associated nuclei were shrunken and pyknotic.
This appearance of the nuclei is characteristic of
fibres undergoing necrosis (Pearce and Walton,
1962). Some necrotic fibres were vacuolated and

others were being phagocytosed by histiocytes
(Fig. i and 2). In carriers No. i and No. 2 some
necrotic fibres had been completely phagocytosed,
leaving only the endomysial tube within which
regeneration of muscle fibres presumably occurs
(Kitiyakara and Angevine, I960). In carrier
No. 20 no regenerating fibres were found and very
few were present in sections from carriers No. i
and No. 2. The fibres believed to be regenerating
were rounded, smaller than adjacent fibres, baso-
philic, and associated with vesicular nuclei with
prominent nucleoli (Fig. i). These appearances
have been accepted by others as evidence of
fibre regeneration (Pearce and Walton, I962;
Walker and Drager, I962; Gilbert and Hawk,
I963). The final stage was proliferation of con-
nective tissue and fatty infiltration, but this was
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seen only in carrier No. 2 and was not extensive.
The histological findings in the nine carriers
have been summarized in the Table.
Measurements of fibre size and number of

nuclei are given in the Table and represented
graphically in Fig. 3. The mean fibre diameter
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defined, and cross striations are indistinct. The lower fibre appears
to be normal with well-defined myofibrils and distinct cross-
striations. Between the two fibres are the remains of a necrotic
fibre which is undergoing phagocytosis. (x 25o.) (b) Higher power
magnification. (.x 500.)

these values, perhaps as a result of different fixation
methods. Greenfield et al. (I957) considered that
in the vastus lateralis, muscle fibres exceeding
IOO [L in diameter were abnormal. They also
considered abnormal more than 8 nuclei per
fibre in cross-section or more than 3 internally
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FIG. 3. Histograms of fibre diameter (It) and number of peripheral
(sarcolemmal) and central nuclei per fibre. Control (A), and carriers
9 (B), II (C), 13 (D), Io (E), 24 (F), 12 (G), 20 (H), I (C), 2 (J).
The carriers have been arranged, from above downwards in order
of increasing histological abnormalities.

for the three controls was 45.3 ,L (S.D. 9.5),
49-8 ,U (S.D. 8-o), and 52-5 [± (S.D. io-6). These
results compare well with those obtained by
Schwalbe and Mayenda (I8gO) of 47-5 V. and by
Feinstein, Lindegard, Nyman, and Wohlfart (i955)
of 54-I t± for the gastrocnemius muscle. Other
investigators have obtained values greater (62-5 ,.u,
Halban, I894) and less than (3I6 ,u, Sissons, I963)

placed nuclei per IOO fibres. From the results of
this study (Fig. 3) it seems that, in the gastrocnemius
muscle, fibres exceeding 8o ,u in diameter or more
than IO nuclei per fibre are abnormal. Central
nuclei were found in as many as 6% of fibres in
the three controls.
With the exception of carrier No. 24, where

sampling of muscle fibres may not have been
completely random, the increase in fibre size in
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Muscle Histology in Carriers of Duchenne Muscular Dystrophy

carriers closely paralleled the degree of histological
abnormality determined independently. The
results of the measurements of fibre size confirmed
the impression that swelling of muscle fibres is
apparently the earliest change, and that increase
in sarcolemmal and central nuclei is found only
when structural changes are moderately advanced
(Fig. 3).

Since there can be no certainty that the data
are normally distributed, Kendall's non-parametric
rank method (Siegel, I956, p. 2I3) was used in
calculating correlation coefficients. The correlation
coefficient between apparent structural changes
and serum creatine kinase levels was + o69 and
highly significant (p = o-oo6). The correlation
coefficient between fibre size and serum creatine
kinase levels was + o044, but not significant.
As might have been expected, muscle biopsies

appeared most abnormal in the 2 carriers with
muscle weakness.

Discussion
The results of the present investigation suggest

that swelling ofmuscle fibres is the earliest structural
change in dystrophic muscle. This has also been
suggested as the earliest change by Pearce and
Walton (I962) from the results of their extensive
studies of biopsies from affected individuals.
They were unable to determine whether this
enlargement represented a genuine hypertrophy
of fibres; attempts to demonstrate that these
enlarged fibres contained an increased number of
myofibrils were unsuccessful for technical reasons.
Pearson (I963) has criticized the views of those
investigators who have considered hyalinization
of muscle fibres as merely fixation or staining
artefact. From his studies of preclinical cases he
has concluded that hyalinization probably repre-
sents one of the earliest forms of fibre alteration.
The results of the present investigation support
Pearson's opinion. There were several reasons for
considering such fibres abnormal in this study.
First, when similar fibres were seen in normal
muscle they were invariably situated at the peri-
phery of sections and always few in number,
whereas in carriers they were situated within
fasciculi and were much more numerous. Secondly,
their presence was associated with other histological
abnormalities that were significantly correlated
with the level of serum creatine kinase.

According to the Lyon hypothesis concerning
gene action in the X chromosome (Lyon, I96I,
I962), it might have been expected that in carriers
of X-linked Duchenne muscular dystrophy each
muscle fasciculus would be a mosaic of necrotic

and normal fibres, the proportion of necrotic
fibres reflecting the proportion of cells in which the
active X chromosome was the one bearing the
muscular dystrophy gene. In each of two female
carriers, Pearson et al. (I963) observed only
two populations of muscle fibres, one normal
and the other dystrophic, and concluded that
this was evidence of X chromosome mosaicism.
In the present investigation two populations of
cells were not found. Instead structural changes
appear to have progressed to different extents in
different carriers and all gradations from apparent
normality to quite marked abnormality were
observed. These findings seem more in accord
with modern views regarding the development of
the multinucleate muscle fibre: in vitro experiments
(Stockdale and Holtzer, I96I) and electron-
microscope studies (Bergman, I962; Hay, i963)
suggest that multinucleate muscle fibres arise by
fusion of uninucleate myoblasts. A possible
explanation for the histological findings could
therefore be as follows: If the myotomes are
mosaics of nuclei, in some of which the active
X chromosome is the one bearing the muscular
dystrophy gene whereas in others the active X
chromosome is the one bearing the normal gene,
then fusion of uninucleate myoblasts derived
from the myotomes would result in multinucleate
muscle fibres which would also possess two different
types of nuclei in differing proportions. The
proportion of nuclei of the two different types in
any muscle fibre would depend on the proportion
of the two types in the myotome and by chance
in the myoblasts which fuse together to form a
fibre. Perhaps the proportion of nuclei in which
the active X chromosome is the one bearing the
muscular dystrophy gene within any fibre deter-
mines whether it will be normal, swollen, hyalinized,
or even necrotic (Fig. 4).

Difficulties in attempting to demonstrate X
chromosome mosaicism in such conditions as
choroideraemia and ocular albinism (Beutler and
Baluda, I964) might also be the result of morpho-
genetic changes occurring during development in
tissues that originally exhibited mosaicism.
Dubowitz (I963) recently reported his histo-

logical findings in muscle biopsy specimens from
four carriers of Duchenne muscular dystrophy,
but pointed out that one of the difficulties he had
in interpreting minimal pathological changes was
to know the limits of normality. Another important
factor to be considered in such studies is the
somewhat subjective interpretation of muscle
histology. By taking the precautions of using
controls and studying specimens without any
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FIG. 4. Diagram illustrating a possible explanation
logical findings in carriers of Duchenne muscular d

knowledge as to the identity of the su

hoped that in this investigation these
have been largely avoided.
The results of the present investigati4

that histological studies of muscle biopsy
may be a useful adjunct to serum e

detecting apparently healthy carriers of
muscular dystrophy.

Summary
The histology of gastrocnemius mus

specimens has been studied in 9

Duchenne muscular dystrophy and
controls. The earliest structural chan
to be swelling of the muscle fibres but
tions from apparent normality in 2

quite marked abnormality were observed
changes correlated well with serum levels
kinase. The observed structural changes
interpreted in terms of the Lyon hypc
the mode of development of multinucle

fibres. Histological studies of muscle biopsy
specimens would seem to be a useful adjunct to

Yt-!:!* the estimation of serum creatine kinase in detecting
carriers of Duchenne muscular dystrophy.
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