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CONCISE REPORTS

Respiratory chain enzyme defects in patients with
idiopathic inflammatory myopathy

Yolanda Campos, Joaquin Arenas, Ana Cabello, Juan J Gomez-Reino

Abstract
Objective-To analyse muscle respiratory
chain enzymes in idiopathic inflammatory
myopathy.
Methods-Four consecutive female
patients seen at our hospital with idio-
pathic inflammatory myopathy were

studied. Muscle histochemical staining
included NADH tetrazolium reductase
and succinate dehydrogenase tests.
Activity of rotenone sensitive NADH
cytochrome c reductase (complex I and
III) succinate dehydrogenase (complex
II), succinate cytochrome c reductase
(complex II and III), cytochrome c oxidase
(complex IV), and citrate synthase
(a mitochondrial matrix enzyme), was

measured spectrophotometrically in
muscle homogenates. Free carnitine, and
short and long chain acylcarnitine esters
were determined in muscle homogenates
by a radiochemical procedure.
Results-Three patients had mito-
chondrial proliferation in non-

regenerating muscle fibres; these patients
had defects of respiratory chain enzyme
complexes. Carnitine concentrations,
measured in two of the four patients,
revealed carnitine deficiency in one.

Conclusion-Our results suggest that
mitochondrial dysfunction may be present
in patients with inflammatory myositis.
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Idiopathic inflammatory myopathies (IIM) are

a heterogeneous group of disorders charac-
terised by chronic muscle inflammation of
unknown cause.' IIM patients have proximal
muscle weakness, increased serum concen-

trations of creatine kinase, typical electro-
myographic abnormalities, and mononuclear
cell infiltration with necrosis and regeneration
of myocytes in muscle biopsy specimens.'
Muscle of patients with mitochondrial

disease shows both histological signs of
mitochondrial proliferation and respiratory
chain enzyme defects.2 Patients with IIM may
also show mitochondrial proliferation in
muscle biopsy specimens, defined by the
presence of ragged red fibres or subsarco-
lemmal accumulation of oxidative elements.3
To our knowledge, biochemical analysis of

muscle respiratory chain enzymes in patients
with IIM has not been carried out. We present

four patients with IIM, signs of muscle
mitochondrial proliferation, and defect of
respiratory chain enzymes.

Patients and methods
We studied four consecutive female patients
who were seen at our hospital and for whom
muscle biopsies were available. All met the
criteria of Bohan and Peter for diagnosis of
polymyositis.4 All four had proximal muscle
weakness, increased blood concentrations of
creatine kinase (CK) and typical electro-
myographic changes. CK values at diagnosis
ranged from 1300 IU/l to 3690 IU/l (normal
range < 150 IU/1). All muscle biopsies showed
inflammatory infiltrates, necrosis, and
regeneration of fibres. One patient also had
primary biliary cirrhosis (table 1). None of our
patients had short stature, diabetes mellitus,
mental retardation, seizures, cranial or

peripheral nerve abnormalities, deafness or

ophthalmoplegia at diagnosis; one patient
developed diabetes mellitus while receiving
treatment with corticosteroids. Patient 3
responded poorly to corticosteroids and
required treatment with immunosuppressor
drugs. The other three patients had a variable
response to corticosteroids, but their disease
was considered reasonably well controlled with
different doses of corticosteroids.
Muscle histochemical staining included

NADH tetrazolium reductase and succinate
dehydrogenase tests and was by methods
previously described. Activity of rotenone
sensitive NADH cytochrome c reductase
(complex I and III), succinate dehydro-
genase (complex II), succinate cytochrome c

reductase (complex II and III), cytochrome c

oxidase (complex IV), and citrate synthase
(a mitochondrial matrix enzyme), was

measured spectrophotometrically in muscle
homogenates.6 Free carnitine, and short and

Table 1 Characteristics offourfemale patients with IIM

Patient Age Delay in Systemic Previous
(yr) biopVy* (yr) disease drugs§

1 56 2 Pulmonary -

fibrosis
2 72 11 Cardiac Steroids

Pulmonary
fibrosis

3 41 2 Biliary Steroids
cirrhosis

4 16 5

*From initial symptoms. §Before biopsy; one patient was
receiving steroids at the time of biopsy and in the other, steroids
were discontinued several months before biopsy.
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normal carnitine values, while patient 4
showed camitine deficiency.

Tvpical muscle biopsy specimeni showzing increased subsarcolemni7al oxidative acci

of mnitochondria (arrowheads) in non-regenerating tvpe Ifibres (staining zwith su

dehydrogenase). Horizontal bar represenzts 50 g.un.

long chain acylcamitine esters wer
mined in muscle homogenates by
chemical procedure.

Results
The muscle biopsy specimens of three
showed subsarcolemmal accumula
oxidative elements in non-regenerati:
with succinate dehydrogenase (figure)
chrome staining. In one of these sp
ragged red fibres were occasionally c
Regenerating fibres showed mitoc
proliferation in a diffuse non-subsarc
pattern.

Table 2 shows the respiratory chair
activities and carnitine concentrati
correct for abnormal proliferation
chondria, the activity of each coml
normalised to the activity of citrate sy
good index of mitochondrial volume. I
who showed neither ragged red fil
subsarcolemmal oxidative elemen
normal enzyme concentrations: p
showed a defect of complex I, pati
complex III, and patient 2 had
defects. Muscle concentrations of
were determined in two patients: patiP

Table 2 Respiratory chain enizyme activity anid cannitine contcenitrationis int 1ius
four patients with idiopathic inflaniinatorv nivopathN, anzd 25 healthxy conltrols

C(otr(ost Patients
(= 25)

1 2 3

Complex
I+III 12 (4) 8-5 1 5 1 8
11 + III 7 5 (3) 6 4 2 2 1
II 10 5 (3 5) 4 D 1 8 6-9
IV 53 (17) 50 4-4 20

Citrate synthase
(nmolUmin per mg protein) 120 (38-5) 140 120 260

Camitine (nmoUmg
non-collagen protein)
Free 18 2 (3 58) 18 5 nd nd
Short chain 4,54 (1-72) 4 2 nd nd
Long chain 0-45 (0 20) 0 4 nd nd

The activivt of each complex was normalised to that of citrate synthetase and e
percentage. tValues expressed as mean (SD). nd = Not done.

Discussion
IS - We have studied four patients with clinical,
st morphological, and electromyographic evi-

dence of IIM. One had no evidence of mito-
chondrial proliferation in muscle and normal

_s respiratory chain enzyme concentrations.
Three had both histochemical evidence of
mitochondrial proliferation and combined
defects of the respiratory chain complexes,
indicative of mitochondrial dysfunction. One
of these patients also had primary biliary
cirrhosis; this has been described previously in
association with mitochondrial autoanti-
bodies,8 which are directed to the pyruvate
dehydrogenase complex rather than against
respiratory chain components.8 Pyruvate
dehydrogenase complex regulates the rate of

umnulationls pyruvate oxidation within mitochondria. Its
ccinate deficiency is associated neither with mito-

chondrial proliferation nor with defects of the
respiratory chain complexes. Yasuda et al'

re deter- described a patient with primary biliary cirr-
a radio- hosis whose clinical and morphological

findings were similar to those of the patient we
discuss here, but they did not report muscle
respiratory chain enzyme concentrations.

Mitochondrial diseases are a heterogeneous
patients group of disorders characterised histo-

tions of chemically by the presence of ragged red fibres
ng fibres or other signs of mitochondrial proliferation,
and tri- and biochemically by single or combined

ecimens, defects of the respiratory chain complexes.
)bserved. Although morphological signs of mito-
-hondrial chondrial dysfunction have been previously
olemmal reported in muscle from patients with IIM,3'

biochemical analyses of respiratory chain
1 enzyme complexes have not been documented. In our
ions. To study, abnormal mitochondrial proliferation
of mito- was evident in both regenerating and non-
plex was regenerating muscle fibres. It has been shown
nthase, a that, in damaged muscle, mononucleate
Patient 1, satellite cells may proliferate and evolve into
bres nor regenerating fibres that subsequently fuse to
[ts, had form myotubes. Thus mitochondrial pro-
atient 4 liferation in regenerating muscle cells from
vent 3 of patients with IIM may be merely secondarv to
multiple de novo formation of fibres, following
carnitine necrosis."' In non-regenerating fibres, mecha-
.nt I had nisms leading to mitochondrial proliferation

remain unknown. It could be speculated that
cle from an imbalance between energy requirements

and efficiency of oxidation/phosphorylation in
muscle cells results in compensatory
mitochondrial proliferation. In this regard,

4 combined defects of the respiratory chain
complexes were detected in non-regenerating

25 muscle fibres from our three patients with4.7
6-6 mitochondrial proliferation.

97 Additional evidence for mitochondrial
135 dysfunction comes from studies on muscle

concentrations of camitine. Camitine has a key
role in regulating the transport of long chain

8 8 fatty acids into mitochondria and modulates
0 5 intracellular concentrations of free coenzyme

A. In plasma and tissues, carnitine is present
in free form and as acylcamitine esters.
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Mitochondrial disease and myositis

Patients with mitochondrial myopathy resulting
from respiratory chain defects may progressively
reduce their muscle carnitine pool and sub-
sequently increase esterified camitine." Interest-
ingly, one of our patients with mitochondrial
dysfunction had muscle carnitine deficiency,
whereas another with normal mitochondrial
function had normal carnitine concentrations.
L-Carnitine therapy is claimed to be effective in
patients with primary mitochondrial diseases,'2
but the value of this therapy in patients with
inflammatory myopathy and carnitine deficiency
remains to be proved.

Finally, the response to steroids or
immunosuppressors by patients with IIM is
variable. A subset of patients is thought to be
steroid resistent; they might represent a
subgroup with an additional muscle defect.
Our data show that respiratory chain enzyme
defects can be present in a number of IIM
patients; this deficit could lead to reduction in
ATP concentrations which, if below a
threshold level, may result in muscle weakness.
Whether these patients are resistant to steroid
therapy is unknown at present. Further work
may help to clarify this issue.
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