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Abstract
Objective
To analyse the expression of factors potentially involved in skeletal muscle degeneration and regeneration in
dermatomyositis (DM), systemic sclerosis (S5c), polymyositis (PM), systemic lupus erythematosus (SLE) and
non-inflammatory myopathies.

Meth
Immunohistochemical staining of skeletal rruscleet b?gpssia (10 DM, 10 S, 10 PM, 10 SLE, 10 non-
inflammatory myopathies) for tumour necrosis factor-a. (TNF-a), interleukin-1f (IL-1p), activated caspase-1,
pan-macrophage marker CD68, inducible nitric oxide synthase (NOS2) and nerve growth factor receptor
(NGFR). TechMate™ staining robot and biotin-streptavidin protocol were used.

Results
Expression of TNF-a., IL-1f, caspase-1 and NOS2 was found in the cytoplasm and sarcolemma of dystrophic

skeletal muscle fibres. TNF-a. and IL-1f immunoreactive profiles were faint and few and close to satellite
nuclei-containing regenerating muscle fibres both in inflammatory and non-inflammatory myopathies. NGFR
expression was found in comparable areas. In non-inflammatory inherited myopathies more nuclei were
caspase-1 immunoreactive whereas caspase-1 expression was rarely seen in inflammatory myopathies,
implying regeneration of the affected muscle fibres.

Conclusion
Prominent expression of the proinflammatory factors TNF-a, IL-1f3 and NOS2 and caspase-1 is associated with

muscle fibre damage, albeit when expressed to a low degree these factors may, like NGFR, contribute to muscle
regeneration and healing.
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Introduction

Contrary to earlier belief, the muscle
cells are immunologically active and,
accordingly, are involved in a number
of disease conditions (1-3). The idio-
pathic inflammatory myopathies com-
prise agroup of primary muscle diseas
es of unknown aetiology and obscure
pathogenesis, characterized by a long-
lasting and often treatment-refractory,
symmetrical, proxima muscle weak-
ness and pain. Polymyositis (PM), der-
matomyositis (DM) and inclusion body
myositis (IBM) are the chief members
of thisgroup of diseases (4-6). Inflam-
matory myopathies can occur in associ-
ation with other systemic autoimmune
diseases, eg. systemic sclerosis (SSc),
systemic lupus erythematosus (SLE),
polymyalgia rheumatica and rheuma
toid arthritis. Various other diseases
such as cancer and congestive heart
failure can aso lead to muscle catabo-
lism and loss of muscle function (7).
Some myopathies arise as a conse-
quence of intoxications, infection or
innervation disturbances.

The pathogenesis of the myopathies
leading to cachexia and weakness is
largely unknown. Autoantibodies are
formed against many muscle-specific
(Jo-1, Mi-2, tRNRH) and non-specific
autoantigens (PM-Scl, ULRNP, native
Ro, Ro60, Ro52, La) in myopathies (8,
9). In addition to autoantibodies, some
proinflammatory cytokines, such as
TNF-a and IL-1b, areinvolved. There
is growing evidence suggesting that

they may play arole not only in muscle
damage, but possibly aso in muscle
regeneration (10). Therefore, the aim of
the present study was to analyse some
cytokine cascades and molecules in-
volved in regeneration in relation to the
primary idiopathic inflammatory myo-
pathies and secondary inflammatory
myopathies, and to assess their relation
to muscle fibre damage and their possi-
ble regenerative effects. As additional
comparative groups, a set of non-in-
flammatory myopathies associated with
acquired disturbances in the innerva-
tion (osteoarthritis-caused radiculo-
pathies) and genetically determined
muscle/nerve diseases were included.

Patients and methods

Patients and samples

After their informed consent was ob-
tained, 50 patients (Table 1) were clini -
cally examined prior to biopsies. All bi-
opsies were taken from deltoid or qua-
driceps muscles and were primarily for
diagnostic purpose.

Theinsidious, painless onset of proxi-
mal muscle weakness was the domi-
nant clinical feature of al patients with
inflammatory myopathies. They met
the diagnostic criteria established by
the American College of Rheumatol-
ogy for the diagnosis of SSc and SLE,
and the criteriafor PM and DM accord-
ing to the Bohan and Peter classifica-
tion (11,12). Biopsy samples were fix-
ed in formalin and ethanol and embed-
ded in paraffin.

Tablel. Clinical characteristics of the patient groups studied.

Condition No. Mean age, years Sex Disease duration
of pts. (range) M/F (months)
Dermatomyositis 10 36.8 2/18 5.3
(19-62)
Systemic sclerosis 10 43.7 2/8 17.4
(18-62)
Polymyositis 10 45.9 2/8 51
(19-70)
Systemic lupus 10 48.7 1/9 26.7
erythematosus (25-72)
Non-inflammatory 10 445 4/6 Inborn in 5 cases,
myopathies® (29-69) 5 mos. in other cases

One patient with juvenile PM complicated by Teutschlander syndrome who had a 23-year long disease
history has not been included. 2Five cases of genetically determined myopathies: Leyden-Mobius dis-
ease, myastenia gravis,Duchenne disease, Charcot-Marie-Tooth disease and spinal amyotrophy; and 5
cases of acquired myopathies secondary to osteoarthritis-caused radiculopathies.
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Primary antibodies

The primary antibodies used were:
affinity purified rabbit anti-human cas-
pase-1 1gG produced against a peptide
mapping at the amino terminus of the
caspase-1, active form (A-19): sc-622,
1:100, Santa Cruz Biotechnology, Inc.,
CA, USA); rabbit anti-human TNF-a
(Code PS030, 1:400, Monosan, Uden,
The Netherlands); monoclonal mouse
anti-human low affinity nerve growth
factor receptor 1gGL/k (NGFR, Code
M3507, 1:25, DAKO Corporation, CA,
USA); monoclonal mouse anti-human
CD68 1gGL/k (recognizes KP1 epitope,
1:100, DAKO A/S, Glostrup, Den-
mark) as a marker for macrophages,
affinity-purified polyclonal rabbit anti-
human IL-b, IgG (1:200, Genzyme
Diagnostics, Cambridge, USA); and
affinity-purified polyclonal rabbit anti-
human inducible nitric oxide synthase
(NOS2) 1gG raised against a peptide
mapping at the carboxy terminus (C-
19): sc-649, 1:100, Santa Cruz Bio-
technology, Inc., CA, USA).

Immunohistochemistry

5-mm paraffin sections were mounted
on DAKO capillary dlides (Tech-
Mate™, DAKO, Glostrup, Denmark),
deparaffinized in xylene and rehydrat-
ed in graded ethanol series to 10 mM
phosphate-buffered 0.9 M saline, pH
7.4 (PBS). For antigen retrieval, the
slides were placed into Antigen Re-
trieval Buffer for the use with Tech-
Mate™ Instruments (DAKO A/S, Den-
mark) and microwaved for 10 minutes
at 600W, then cooled at room tempera-
ture for 30 minutes, washed in PBS and
immunostained automatically using the
following protocol: 1) the primary anti-
body, diluted with DAKO Chem-
Mate™ antibody diluent, for 1 hour; 2)
secondary antibody containing both
biotinylated goat anti-rabbit 1gG and
biotinylated goat anti-mouse IgG anti-
bodies for 30 minutes; 3) peroxidase
block for 30 minutes, 4) peroxidase-
conjugated streptavidin 3 times for 3
minutes; 5) HRP Substrate Buf fer and
6) incubated with substrate solution
containing 3,3'-diaminobenzidine tetra-
chloride (ChemMate™ Detection Kit)
for 5 minutes. Between each step, the
sections were washed with DAKO

ChemMate™ washing buffers three
times and dried with absorbent pads.
Replacement of primary antibodies
with normal rabbit or mouse 1gG with
irrelevant specificity diluted to the
same concentration as the primary anti-
bodies were used as negative staining
controls. After immunostai ning the sec-
tions were counterstained with haema-
toxylin or left without counterstaining,
washed, dehydrated in ethanol series,
cleared in xylene and mounted in syn-
thetic mounting medium (Diatex,
Beckers Industrifag AB, Mérsta, Swe-
den).

Semi-quantitative microscopic
assessment

Semi-quantitative assessment was done
using digital MTV-3 camera on an
Olympus BH2-RFCA microscope. The
whole section area under magnification
400x (high power field) was analysed
and scored to four grades: 0 meant no
immunoreactivity present inthefield; +
one or few positive immunoreactive
profiles; + many profiles; or ++ abun-
dant profiles. Two histopathol ogists
independently scored al sections.

Results

Apart from the topologica intra-sam-
ple differences with respect to the
degree of expression of the molecules
studied in degenerating and regenerat-
ing muscle fibres, the general semi-
guantitative pattern of immunoreactivi-
ty isshown in Table II. Thetotal score
of immunoreactivity in patient groups
with DM and SSc (the diseases charac-
terised inter alia by progressive blood
vessel damage and their further atresia,
especialy in SSc) dominated dightly

over the groups of PM and SLE (in
which vascular damage often can be
reversible and not as serious as in SSc).
In SSc patients, the indices studied
were high, and signs of vascular and
muscle fibre regeneration were gener-
ally absent. The total value of the
indices in the DM patient group was
comparable to that of PM. The regener-
ation in the muscle fibres and especial-
ly in the vasculature seemed more evi-
dent in PM than in DM. Satellite cells
formed one of the principal signs of
muscle fibre regeneration (13). In the
myopathy secondary to radiculopathy,
only IL-1b was expressed at levels
comparable to the other inflammatory
myopathies. Histopathological signs of
muscle degeneration and regeneration
were weak in PM. In genetically deter-
mined myopathies the highest indices
were related to TNF-a, NOS2 and
NGFR. In this group also the markers
of regeneration were most evident.
There were numerous satellite cells,
with intensive expression of all the epi-
topes studied.

TNF-a was expressed in some skel etal
musclefibres (Fig. 1A). TNF-a immuno-
reactivity was strong only in the atro-
phic and dystrophic fibres. Often dif-
ferent degrees of TNF-a expression
were seen in the same fibre (Fig. 1B).
TNF-a was also found in some mono-
nuclear inflammatory cells infiltrating
the endo- and perimysium (Fig. 1C).
Generally, there was no TNF-a expres-
sion in the blood vessel walls, or the
expression was very faint. A more
intense TNF-a expression was found in
the muscle spindles, the stretch recep-
tors of muscles. Scarcely distributed
cells with low TNF-a expression were

TableIl. Semi-quantitative scorest for immunoreactive profilesin different myopathies.

Disease TNF-a IL-1b Caspasel CD68 NOS2 NGFR
Dermatomyositis + 0/ 0/ + + 0/
Systemic sclerosis + + + + + 0/
Polymyositis + + 0+ 0/ + 0/
Systemic lupus erythematosus + + 0/ + + 0/
Myopathy secondary to radiculopathy 0/ + 0/ 0/ 0/ 0/
Genetically determined myopathy + 0/ +/+ 0/ + +

1Results were scored as follows:0:no immunoreactivity in the field; +: one or few positive profiles; +:

numerous profiles; ++: abundant profiles.
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Fig 1. Expression of TNF-a, IL-1b and caspasel in myopathies. Immunostaining for TNF-a in polymyositis (panel A), systemic lupus erythematosus
(panel B) and systemic sclerosis (panel C). Immunostaining for IL-1b in skeletal muscle affected by SLE (panel D) and SSc (panel E). Expression of cas-
pase-1in vascular wall (panel F) and in perimysium (panel G) in a patient with SSg and in satellite cells (panel H) in a patient with myopathy related to pro-
gressive demyelinating neuropathy (Charcot-Marie-Tooth disease). Original magnification x400.
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Fig 2. Expression of macrophage (CD68) antigens,NOS2 and NGFR in myopathy-affected muscles. Immunostaining for CD68 in DM (panels A and B),

and in PM (panel C). Immunostaining for inducible NOS2 in PM (panel D), SSc (panel E), and SLE (panel F). Immunostaining for NGFR in Charcot-
Marie-Tooth-related non-inflammatory myopathy (panel G) and in DM (panel H). Original magnification x400.
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detected close to the regenerating satel-
lite nuclei-containing skeletal muscle
fibres in the inflammatory and inborn
myopathies. No histopathological signs
of muscular destruction were seen in
these areas.

IL-1b and active caspase-1 (also known
as|L-1 converting enzyme, | CE) show-
ed similar patterns of immunoreactivi-
ty, with IL-1b reactivity being some-
what more intense. IL-1b was found in
the vascular walls (Fig. 1D) and in some
inflammatory cells infiltrating the
endo- and perimysium (Fig. 1E). Cas-
pase-1 was similarly distributed and
also found in some of the blood vessels
(Fig. 1F) and inflammatory cells infil-
trating the endo- and perimysium (Fig.
1G). Very occasional caspase-1 immuno-
reactivity was also found in the nuclei
of musclefibres, except for some non-
inflammatory myopathies, which were
characterized by small areas containing
caspase-1 immunoreactive muscle
fibres and endothelial cell nuclei. Cas-
pase-1 localized also to satellite cells of
regenerating muscle fibres (Fig. 1H).
Some of the cdlls infiltrating the endo-
and perimysum were CD68-positive
macrophages (Fig. 2A and B). Occa
sionally these cells were phagocytosing
parts of the muscle fibres (Fig. 2C).
Amongst the CD68-negative mononu-
clear infiltrating cells there were also
scarce lymphocytes.

NOS2 immunoreactivity was found in
some blood vessel walls, mostly in the
media and the adventitia (Fig. 2D and
E), infiltrating mononuclear inflamma-
tory cells (Fig. 2F) and diffusely in
muscle fibres.

The highest level of NGFR expression
was detected in the genetically deter-
mined myopathies (Fig. 2G). In addi-
tion, NGFR immunoreactivity was
found in endomysium in the inflamma-
tory myopathies (Fig. 2H) and in blood
vessel walls and perivascularly.

Discussion

Inflammatory myopathies are charac-
terized by antibody- and cell-mediated
responses against mostly unknown
muscle tissue antigens. IL-1b and
TNF-a are expressed in human myo-
blasts after stimulation with pro-
inflammatory cytokines. Thisindicates

that muscle cells behave as immuno-
logically active cells during inflamma-
tion (14,15). Muscle cells may be ac-
tively involved in the process of mono-
nuclear cell recruitment from the blood
stream to the areas of inflammation.
TNF-a is a key factor in the initiation
and perpetuation of inflammation, and
for insitu cytokine expression by leu-
kocytes, endothelial cells and mesen-
chymal cells (16). It has been estab-
lished that TNF-a diminish muscle
strength via both contractile dysfunc-
tion and accelerated protein loss (2,
17). It has been shown that many en-
dothelia cells in DM express TNF-a
(10). TNF-a caninduceits own expres-
sion (15) and perpetuate and amplify
inflammatory process within muscle
tissue (7). TNF-a upregulates intercel -
lular adhesion molecules on endothe-
lia cells (18,19). TNF-a ininflamma-
tory myopathies increases cell traffick-
ing through adhesion molecule upregu-
lation, activation of T and B cells and
macrophages, induction of apoptosis
and induction of nitric oxide produc-
tion.

In general, TNF-a has been considered
a central mediator of immune and
inflammatory responses in myopathies.
TNF-a was also detected in invading
macrophages, in myonuclei of regener-
ating musclefibres and freely dispersed
in endomysial and perimysial connec-
tive tissue (17). However, this role of
TNF-a is directed towards prolifera
tion rather than tissue degradation (20).
TNF-a induces inflammatory angio-
genesis (21) and increases capillary per-
meability (22). Despite its potential
importance in myopathies, the direct
effects of TNF-a on skeletal muscle
remain unelucidated (23,24). TNF-a
inhibits myoblast differentiation and
limits the regenerative response of sat-
ellite cells (25-27). In our study TNF-
a, when strongly expressed by many
cells, especialy in clusters, was un-
doubtedly related to muscle fibre dam-
age. On the other hand, in the biopsy
areas where the expression of TNF-a
was low, positively stained profiles
were few and histological signs of pro-
liferation were evident with no signs of
any deterioration. It was obvious that
TNF-a in these cases participated in
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muscle proliferation and healing, or at
least in attempts at reparation. Thiswas
aso confirmed by the expression of
neurotrophin binding receptors in such
areas.

TNF-a does not usualy function as a
solitary stimulus (23). IL-1b has been
suggested to be the next most important
proinflammatory factor in the inflam-
matory myopathies (10,17, 28,29),and
is often associated with TNF-a. In our
study, expression of 1L-1b was found in
al patient groups and in al biopsies,
usually within vascular walls and in
some of the infiltrating mononuclear
inflammatory cells. Thus, the localiza-
tion of TNF-a and IL-1b were to an
extent apparently overlapping but not
identical, especially in the blood vessel
walls, where the expression of TNF-a
was not found at all or was very faint.
In contrast, immunolocalization of IL-
1b was usually absent or very faint in
the muscle fibres and different from
that of TNF-a.

At least fourteen members of the cas-
pase family have been described in
mammalian cells (30). Caspase-1 and
caspase-11 are primarily involved in
the processing of proinflammatory cy-
tokines, and are not crucial in apopto-
sis. The active form of caspase-1, the
IL-1b converting enzyme (ICE), had in
inflammatory muscle diseases a distri-
bution similar to that of I1L-1b, suggest-
ing that it wasinvolved in the activation
of prolL-1b to its active form. Caspase-
1 is dso involved in cell proliferation
(31,32). There is a relationship be-
tween caspase-1, interleukins and NOS
(33). In our analysis the expression of
caspase-1 was mostly related to the
sites of tissue regeneration.

Skeletal muscle constitutively express-
es NOS (34). Inflammatory mediators
can further stimulate NO production by
muscle cells (35, 36). Transcription
factor NF-kB plays a key role in the
transcriptional regulation of several
genesinvolved in immune and inflam-
matory responsesincluding TNF-a, IL-
1b, and iNOS (37). In a mouse model
of TNF-a-induced cachexia, muscle
wasting was partially inhibited by sys-
temic administration of NOS inhibitor
(38). TNF-a, viaan effect on NOS syn+
thesis, may cause focal muscle fibre
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atrophy in inflammatory myopathies
(39). NO is dso known to promote an-
giogenesis (40,41). NO released local-
ly by vascular endothelium and muscle
fibres during exercise contributes to
blood flow response and regulates mi-
tochondrial respiration (42). In our
study NOS2 expression was hot always
found in the same tissue structures as
TNF-a but the degree of expression in
the same patient groups were compara-
ble though somewhat lower. That
implies that like TNF-a, NOS2 aso
probably takes part both in musclefibre
degeneration and regeneration.

During the differentiation muscle cells
express neurotrophin-binding receptors
(43). Neurotrophins have broad physio-
logical actions and are by no means
limited to nerve tissues only. Their role
in skeletal muscle tissue has not been
clarified as yet (44-46), athough it is
known that NGFs and their receptors
take part in muscle regeneration (43),
especially in denervated areas (47).
Our findings support and extend these
findings by showing that NGFR is ex-
pressed in areas with histological signs
of regeneration.

Skeletal muscle is a stable post-mitotic
tissue with a contractile mechanism or-
ganised in long syncytia myofibres con-
taining many myonuclei. Growth and
regeneration does occur through myo-
genic precursor cells, mainly the satel -
lite cells that lie between the plas-
malemma and basement membrane of
each fibre, and are involved in perma-
nent minor on demand repairs of mus-
cle. Also bone marrow-derived cells
can contribute to muscle regeneration
(48-50).

Generally, our study contributes to the
suggestion that in inflammatory myo-
pathies two processes — damage and re-
generation — exist in paralel. TNF-a
and other inflammation-related factors
seem to play arole in both tissue de-
struction and reparation. TNF-a ex-
pression occurs during the early stages
of myoblast differentiation, and evokes
a myogenic response (24). The myo-
genic response to TNF-a is short and
reversible, whereas the catabolic re-
sponse is long lasting. Activation of
NFkB by overexpression of kB kinase
is sufficient to block myogenesis, but

this inhibition is reversible (51). Our
results and the sparse pre-existing data
provide the basis for suggesting that
TNF-a exerts biphasic effects on skele-
tal muscle, promoting early myogene-
sis in undifferentiated myocytes and
stimulating catabolism in more mature
muscle fibres.

Yet, in spite of naturally occurring re-
parative attempts, degenerative pro-
cesses dominate in myopathies and
severe symptoms develop and usually
persist. A better understanding of the
destructive and reparative processes in
muscle tissue would provide clues to
appropriate sites of intervention, not
only in the inflammatory tissue de-
structive cascades but also in the regen-
erative muscle tissue response The na-
urally occurring basic processes of
muscle tissue repair in the inflammato-
ry and non-inflammatory myopathies
seem to have much in common. Our
data show the coexistence of both
destructive and reparative signs related
partially to the same cytokines studied.
This raises the hypothesis that short
lasting suppression of TNF and inter-
dependent cytokines alternating with
short lasting expression could provide
an attractive model for the management
of refractory inflammatory myopath-
ies.
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