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The aim of our study was to address the question of
whether muscle fibers express major histocompati-
bility complex (MHC) class II in inflammatory myop-
athies. For this purpose we performed a systematic
study of MHC class II antigen expression on muscle
fiber membranes in muscle tissue from polymyositis
and dermatomyositis patients in various stages of dis-
ease activity. Thirty-two patients with classical clini-
cal signs of myositis were divided into subgroups
depending on duration of clinical signs of myositis
and presence or absence of inflammatory infiltrates
in muscle tissue. Immunohistochemistry as well as
double-immunofluorescence stainings were used to
identify the presence of MHC class II in muscle tissue.
MHC class I was included for comparison. Quantifica-
tion of positive staining was performed using an im-
age analysis system in addition to evaluation by man-
ual microscopic scoring and laser confocal
microscopy. It was demonstrated that a significant
proportion of skeletal muscle fibers in inflammatory
myopathies express MHC class II as well as MHC class
I and that MHC antigen expression is independent of
the inflammatory cell infiltration. Furthermore, there
were no differences in staining pattern between poly-
myositis and dermatomyositis patients. Our results
indicate that MHC class II and MHC class I molecules
may be involved in initiating and maintaining the
pathological condition in myositis rather than only
being a consequence of a preceding local inflamma-
tion. (Am J Pathol 2001, 159:1263–1273)

Idiopathic inflammatory myopathies are muscle disorders
of unknown origin that are classically characterized by
clinical signs of proximal muscle weakness and by his-
topathological demonstration of inflammatory infiltrates in

the clinically affected muscles.1,2 Based on clinical as
well as histopathological criteria such as localization and
distribution of inflammatory cells, idiopathic inflammatory
myopathies have been classified into polymyositis (PM),
dermatomyositis (DM), and inclusion body myositis.3 Eti-
ology and pathogenesis of the idiopathic inflammatory
myopathies are primarily unknown, as is the cause of
muscle weakness.2 It has been implied that the inflam-
matory infiltrates in muscle tissue cause the clinical
symptoms in PM and DM. However, several studies have
described patients with myositis with pronounced muscle
weakness and fatigue but without detectable infiltration of
inflammatory cells in muscle tissues.4,5 In a recent study
of patients with inactive, chronic PM and DM other more
sensitive markers of an ongoing pathological process
were identified in muscle tissue, such as endothelial cell
expression of interleukin-1� (IL-1�) and expression of
major histocompatibility complex (MHC) class I on mus-
cle fiber membranes.4 Such endothelial and muscle fiber
phenotypes may therefore be more closely associated
with the clinical symptoms than presence of inflammatory
cells.

It should therefore be of interest to study the pheno-
types of the muscle fibers in further detail, with focus on
their expression of immunologically important molecules
at different phases of myositis. In this context, the expres-
sion of MHC class I and MHC class II molecules is of
special interest because MHC class I and II expression
on muscle fibers may be associated with a drastically
changed potential to participate in immunological reac-
tions related to T cell activation and anergization. Neither
MHC class I nor class II molecules have been detected
on muscle fibers from normal muscle tissues with cur-
rently used methods,6,7 but both myoblasts and myo-
tubes constitutively express MHC class I antigen when
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grown in vitro and expression of MHC class II antigens
can be induced in the same cells by interferon-� stimu-
lation.8–10

It is now well established that MHC class I molecules
are expressed on muscle fibers in inflammatory myopa-
thies as well as in other types of myopathies.4,6,7,11–20 To
what extent muscle fibers from patients with inflammatory
myopathies express MHC class II molecules has re-
mained more controversial, however. For instance, sev-
eral immunohistochemical studies have reported the
presence of MHC class II molecules on the surface of as
well as intracellularly in muscle fibers in tissues with
inflammatory infiltrates from myositis patients.14–17,22–24

Other studies, using similar methodologies have failed to
detect MHC class II molecules on muscle fibers and/or
indicated that stainings for MHC class II on muscle fibers
might represent an artificial staining resulting from shed-
ding of MHC class II from adjacent active inflammatory
infiltrates.6,11,20–21

Considering the potentially important pathophysiolog-
ical role in myositis of MHC class II expression on muscle
cells, we wanted to readdress the question of whether
muscle fibers in myositis express MHC class II mole-
cules. Two new approaches were used for this purpose.
One approach was to study MHC class II expression in
various populations of myositis patients, including pa-
tients with clinical signs of myositis both with and without
inflammatory infiltrates in muscle tissue. To determine the
tissue distribution of MHC class II molecules in a wider
context, we also included muscle tissue from normal
healthy volunteers and disease controls consisting of
patients with various forms of muscle dystrophies or neu-
ropathies. Another approach was to use laser confocal
microscopy in parallel with conventional immunohistol-
ogy to study the MHC class II expression in detail in
various compartments of the muscle cell. For compari-
son, we also included investigation of MHC class I in our
study.

Materials and Methods

Patients

A total of 32 patients with regular check-ups at the De-
partment of Rheumatology at the Karolinska Hospital
were included in the present investigation and they all
fulfilled the diagnosis of PM and DM based on the Bohan
and Peter classification.25,26 As control samples we in-
cluded muscle biopsies from 11 healthy individuals and
from 10 patients with muscle dystrophies or neuropa-
thies. Muscle biopsies were taken from vastus lateralis or
tibialis anterior muscle under local anesthesia by a
semiopen technique using a conchotome.27 In cases
when a repeated muscle biopsy was conducted it was
performed on the contralateral side. Muscle pathology
was assessed by routine examination by a neuropathol-
ogist (IN) at the Division of Pathology, Huddinge Hospital.
For immunohistochemical analyses and immunofluores-
cence studies the biopsies were frozen and stored at
�70°C until the staining procedure was performed. Biop-

sies collected were from different time points of disease
activity and therefore the patients were further divided
into three groups according to their disease duration and
inflammatory activity in muscle biopsy at time of muscle
sampling (Table 1).

Group 1: Patients with Clinical Signs of Myositis but
without Detectable Infiltration of Clusters of
Inflammatory Cells in Muscle Tissues

The first group consisted of 11 patients with a short
duration of clinical symptoms of myositis but without de-
tectable infiltration in their muscle biopsies. Eight patients
were biopsied because of suspicion of myositis and three
patients because of possible relapse. The median age at
time of muscle biopsy was 45 years (range, 26 to 64
years). Symptom duration varied between 1 and 9
months with a median duration of 2 months. Despite
clinical signs of myositis the histopathological evaluation
of the muscle biopsies revealed no inflammatory infil-
trates typical for myositis in these patients at this time
point. Diagnosis was either later (eight patients) or earlier
(three patients) confirmed by a muscle biopsy containing
inflammatory infiltrates or by clinical and laboratory find-
ings. Six patients were diagnosed as PM (four females
and two males) and five were diagnosed as DM (three
females and two males). Three patients also fulfilled the
criteria for other rheumatic diseases, one for mixed con-
nective tissue disease, one for rheumatoid arthritis as well
as systemic lupus erythematosus, and a third patient
fulfilled the criteria for systemic lupus erythematosus.
Five patients, the three relapse patients and two patients
with suspicion of myositis, received immunosuppressive
therapy, prednisolone on its own or in combination with
azathioprine or cyclophosphamine or azathioprine on its
own, at time of muscle biopsy.

Group 2: Patients in an Active Stage of Disease with
Clinical Signs of Myositis and Typical Clusters of
Inflammatory Cells in Muscle Tissue

The second group was defined as patients fulfilling
both clinical and histopathological criteria for myositis
according to the Peter and Bohan’s25,26 classification
and they were further characterized histopathologically
as PM or DM according to the Arahata and Engel clas-
sification.3 Symptom duration varied between 2 to 24
months with a median duration of 7 months. All patients
had detectable infiltrates that included T lymphocytes as
identified with a CD3 antibody in tissue sections. Seven
patients had active PM (six females and one male) and
three patients had active DM (two females and one male).
The median age at diagnosis was 52 years (range, 23 to
80 years). These 10 patients have been described in a
previous study.28 Apart from fulfilling the diagnostic cri-
teria for PM or DM, one patient also fulfilled the criteria for
systemic lupus erythematosus, one the criteria for rheu-
matoid arthritis, and one the criteria for Sjögren’s syn-
drome. The criteria for these other diseases were fulfilled
before the diagnosis of myositis was made and these

1264 Englund et al
AJP October 2001, Vol. 159, No. 4



patients received immunosuppressive treatment at the
time of biopsy. The systemic lupus erythematosus and
Sjögren’s syndrome patients were on low-dose pred-
nisolone and the rheumatoid arthritis patient was on
methotrexate treatment. A muscle biopsy was in all other
cases performed before immunosuppressive treatment
was initiated. A repeated muscle biopsy was performed
after 3 to 6 months of therapy.

Group 3: Patients in a Chronic, Inactive Phase of
Myositis without Detectable Clusters of Inflammatory Cells

This group consisted of 11 patients with a long disease
duration and persisting muscle weakness despite effec-
tive therapy that had resulted in diminution of inflamma-
tory cell infiltration. This patient group has previously
been described.4 Seven patients were classified as PM
(six females and one male) and four patients as DM

(three females and one male). Disease duration from
diagnosis to muscle biopsy sampling ranged from 18 to
102 months with a median duration of 40 months. Inactive
disease was defined as absence of inflammatory infil-
trates in muscle biopsy and absence of signs of inflam-
mation by magnetic resonance imaging. Two patients
had other rheumatic diseases, one Sjögren’s syndrome
and one Sjögren’s syndrome plus systemic sclerosis. At
time of biopsy seven patients received prednisolone, four
patients were treated with azathioprine, and one with a
low dose of methotrexate. None of the patients had had a
change of immunosuppressive therapy for the last 3
months before muscle biopsy.

Control Biopsies

Eleven healthy volunteers (seven males and four females)
were included as normal controls, their median age at

Table 1. Overview of Patient Information

Patient
Sex/age at time

for biopsy Diagnosis

Symptom duration
at time of muscle

sampling
(months)*

Inflammatory
infiltrates in
biopsy used
in present

study
Immunosuppressive

treatment

1 F/49 PM 4 no no
2 F/26 PM, SLE 9 no no
3 M/45 PM, MCTD 2 no no
4 M/56 PM 1 no no
5 F/39 PM 3 no pred, aza
6 F/45 PM 4 no pred, cyclo
7 M/64 DM 1 no no
8 F/30 DM, RA, SLE 1 no pred
9 F/61 DM 2 no aza

10 F/48 DM 2 no pred
11 M/38 DM 1 no no
12 F/23 PM 4 yes no
13 F/49 PM 24 yes no
14 F/64 PM 6 yes no
15 F/43 PM 2 yes no
16 F/61 PM 12 yes no
17 F/45 PM, SS 12 yes pred
18 M/56 PM 2 yes no
19 F/26 DM, SLE 9 yes pred
20 F/80 DM, RA 7 yes MTX
21 M/40 DM 5 yes no
22 F/54 PM, SS,

systemic sclerosis
56 pred, aza

23 F/56 PM 102 no aza
24 F/60 PM 38 no no
25 F/56 PM 18 no pred
26 F/37 PM 44 no pred, aza
27 F/27 PM 83 no pred
28 M/47 PM 18 no pred
29 F/52 DM 44 no no
30 F/59 DM 40 no pred, aza
31 F/50 DM 34 no pred
32 M/44 DM, SS 49 no MTX

Patients were divided into three groups according to presence or absence of inflammatory infiltrates in muscle biopsy and according to their
symptom duration at time for muscle sampling.

Patients 1–11 belong to a group of patients with clinical active myositis, but without inflammatory infiltrates in muscle tissue used for this study.
These patients have a short duration of muscle symptoms and no infiltrates as yet typical for myositis in biopsy. Patients 12–21 belong to a classical
group of myositis patients with clinical signs of muscle weakness and typical infiltrates in muscle tissue. Patients 22–32 belong to a group of patients
with a long disease duration and persisting muscle weakness despite effective therapy in diminution of inflammatory cell infiltration. F, female; M, male;
PM, polymyositis; DM, dermatomyositis; SLE, systemic lupus erythematosis; MCTD, mixed connective tissue disease; RA, rheumatoid arthritis; SS,
Sjögren’s syndrome; pred, prednisolone; aza, azathioprine; cyclo, cyclophosphamide; MTX, methotrexate.

*For patients 1 to 21 symptom duration is counted from start of clinical signs, for patients 22 to 32 symptom duration is counted from time point of
diagnosis.
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time for muscle biopsy being 43 years (range, 22 to 50
years). Ten patients with other muscle disorders were
also included as controls. Five patients (two females and
three males) with a median age of 63 years (range, 48 to
68 years) had groups of atrophic fibers in skeletal mus-
cle, indicating neurological damage. This patient popu-
lation represents a control group with structural changes
without signs of inflammation in muscle tissues. Five pa-
tients with muscle dystrophies including limb-girdle, fa-
cio-scapulo-humeral, and dystrophinopati (two females
and three males) with a median age of 26 years (range, 2
to 39 years), constituted a control group with structural
changes as well as inflammatory infiltrates in muscle
tissues.

Immunohistochemistry and
Immunofluorescence Studies

Seven-�m thick cryostat sections were mounted on gel-
atin-coated glass slides (Celline Associates, Newfield,
NJ) and air-dried for 30 minutes at room temperature. The
first and the last sections were stained with hematoxylin
and eosin to confirm that the histopathology of the biopsy
was unchanged in the consecutive series of sections
collected for immunostainings.

A standard immunohistochemistry protocol was ap-
plied to identify expression of MHC class I and MHC
class II.29 All antibodies used were carefully evaluated by
titration on lymphoid tissue. Lymphoid tissue was also
used for positive controls at time of staining the patient
material. MHC class I was detected with a mouse anti-
human leukocyte antigen (HLA)-ABC IgG2a antibody
clone W6/32 (DAKO A/S, Glostrup, Denmark) diluted
1/3500. MHC class II was detected with a mouse anti-
human HLA-DR IgG2a antibody clone L243 (Becton
Dickinson, San Jose, CA) diluted 1/640. Anti-HLA-DR
reacts with a nonpolymorphic HLA-DR epitope and does
not cross-react with HLA-DQ or HLA-DP molecules.30 We
also included a mouse anti-human HLA-DQ IgG1 anti-
body clone SK10 (Becton Dickinson, San Jose, CA) di-
luted 1/80 to detect MHC class II.

In parallel, double-immunofluorescence labeling was
performed for MHC class II detected with the same anti-
body as above but diluted 1/50 and for laminin detected
with rabbit anti-rat laminin IgG antibody diluted 1/2000
(DAKO A/S). Antibody concentrations were optimized for
double-immunofluorescence staining. Phosphate-buff-
ered saline (PBS) was used as a buffer throughout the
protocol and sections were rinsed in PBS between the
different incubations. Sections were blocked for 15 min-
utes with 2% normal horse serum (Vector Laboratories,
Burlingame, CA). Thereafter, endogenous biotin reactiv-
ity was blocked using an avidin-biotin blocking kit (Vector
Laboratories), undiluted avidin being applied for 15 min-
utes and subsequently undiluted biotin was applied for
15 minutes. The tissue sections were incubated for 60
minutes with primary antibodies in a cocktail diluted in
PBS supplemented with 1% bovine serum albumin (Sig-
ma Chemical Co., St. Louis, MO). Thereafter, sections
were incubated for 30 minutes with appropriate second-

ary antibody diluted in PBS supplemented with 1% nor-
mal horse serum (Cy3-conjugated donkey anti-mouse,
diluted 1/50, biotinylated donkey anti-rabbit, diluted
1/500, both from Jackson ImmunoResearch Laborato-
ries, West Grove, PA). Finally, sections were incubated
for 30 minutes with Oregon Green coupled to avidin at a
concentration of 2 �g/ml diluted in PBS (Molecular
Probes, Eugene, OR). Irrelevant isotype-matched control
antibodies, in the same concentrations as respective
specific antibody, were used as negative controls for all
experiments, mouse IgG1, mouse IgG2a (DAKO), and
rabbit IgG (Jackson, ImmunoResearch Laboratories).

Evaluation of Staining

Conventional Microscopic Evaluation

The immunostained tissue sections were analyzed us-
ing a Reichert-Jung Polyvar microscope equipped with a
SONY-3CCD color video camera (Model OXC-930P,
Sony Corporation, Japan) connected to a SONY-color
video printer (Model Mavigraph, Sony Corporation, Ja-
pan). Expression of HLA-ABC and HLA-DR was as-
sessed as follows: 0, negative staining of muscle fibers,
positively stained endothelial cells only; 1�, positive
staining of endothelial cells and 1 to 10% positively
stained fibers; 2�, positive staining of endothelial cells
and 11 to 25% positively stained fibers; 3�, positive
staining of endothelial cells and 26 to 50% positively
stained fibers; and 4�, positive staining of endothelial
cells and 51 to 100% positively stained fibers. The ex-
pression of HLA-DQ was limited and only qualitative as-
sessment with description of staining pattern was per-
formed.

Image Analysis

The immunostained sections were also analyzed using
a Quantimet 600 (Q600) image analyzer (Leica Cam-
bridge Ltd., Cambridge, UK). The image processor was
directed by a PC computer. Special software was written
in high-level language, QUIPS, for this application. Image
analysis was used to quantify the total positively stained
area (mm2) for HLA-ABC and HLA-DR as well as the total
tissue area of the respective sections from each biopsy
and percent HLA-ABC and percent HLA-DR expression
were calculated for each individual. The results are pre-
sented as median (M) values for each patient group with
respective interquartile range (IQR) values. The HLA-
ABC and HLA-DR were chosen for evaluation by image
analysis because of a large number of positive fibers,
whereas HLA-DQ was only expressed on a few fibers and
in few muscle tissue sections making microscopic mea-
surement more reliable for this molecule.

Laser Confocal Microscopy

The laser confocal system consisted of a BioRad MRC
1024 unit attached to a Nikon Optiphot-2 microscope.
The objective used was Nikon Plan Apo �40 (oil, N.A
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1.3). Excitation at 568 nm was used for Cy3 (HLA-DR)-
stained structures with an emission filter at 585 nm and
excitation at 488 nm for fibers stained with Oregon Green
(Laminin) with an emission filter at 522 nm. Images were
converted from BioRad’s file format to fit format using the
Confocal Assistant software version 4.02 and photomon-
tage was arranged in Adobe Illustrator version 8.0 for
Macintosh.

Statistical Analysis

Data were analyzed using Stat View 4.5 statistical soft-
ware for Macintosh. Owing to small sample size and
nonnormality of the data in this study exact nonparamet-
ric tests were used to test for significance. To compare
the HLA-ABC and the HLA-DR expression between the
different patient groups and the control groups we used
the Mann-Whitney U test. To compare the HLA-ABC and
the HLA-DR expression in the clinically and inflammatory
active myositis group before and after treatment the Wil-
coxon signed rank test was used.

Results

Normal Control Tissue

MHC Class II Immunoreactivity

HLA-DR expression in muscle tissue from 11 healthy
controls was located to endothelial cells of arterioles,
venules, and capillaries (Figure 1A). In two cases occa-
sional fibers expressed the DR antigen. Image analysis
values were M, 1.5%; IQR, 1.2% (Figure 2A). HLA-DQ
expression was noted in scattered endothelial cells of
arterioles, venules, and capillaries. No muscle fibers ex-
pressed the DQ antigen.

MHC Class I Immunoreactivity

HLA-ABC expression in muscle tissue was detected in
endothelial cells of arterioles, venules, and capillaries
(Figure 1B). In two cases the same fibers that expressed
DR antigens also expressed the ABC antigens. Image
analysis values were M, 3.0%; IQR, 2.7% (Figure 2B).

Group 1: Patients with Clinical Signs of Myositis
but without Detectable Infiltration of Clusters of
Inflammatory Cells in Muscle Tissues

MHC Class II Immunoreactivity

In five of six PM patients and five of five DM patients
without infiltration of mononuclear leukocytes in tissue,
muscle fibers were positive for the DR antigen (Figure
1C), with muscle fiber staining ranging from 1� to 2�.
Quantitative image analysis gave a median value of 2.7%
and interquartile range of 7.1% (Figure 2A). We observed
HLA-DR expression on the surface membranes of the
muscle fibers (Figure 3) and in some cases the fibers also

displayed a reticular pattern of intracellular staining. In
many cases HLA-DR expression was seen in the same
areas as those where HLA-ABC antigens were expressed
(Figure 1, C and D). The PM patient who lacked HLA-DR
reactivity in muscle fibers also lacked ABC expression on
fiber membranes. No difference in staining pattern was
observed between PM and DM patients. In all 11 pa-
tients the DR antigen was expressed on endothelial
cells and on scattered mononuclear inflammatory cells
(Figure 1C). HLA-DQ expression was observed in scat-
tered inflammatory cells and in some endothelial cells.
In two cases occasional muscle fibers expressed the
DQ antigen.

MHC Class I Immunoreactivity

In 10 of 11 patients strong immunoreactivity for the
HLA-ABC antigens on muscle fibers was observed (five
of six PM and five of five DM). The positive muscle fibers
displayed staining of the sarcolemma and in some cases
of the cytoplasm (Figure 1D). The staining varied be-
tween 2� to 4�. Quantitative investigation gave a me-
dian of 32.1% with an interquartile range of 43.4% (Figure
2B). We observed HLA-ABC expression on either iso-
lated muscle fibers, or on scattered muscle fibers and in
some cases on almost all muscle fibers. In some cases
the positively stained fibers were accumulated near per-
imysial areas of the biopsy and this was apparent in both
PM and DM patients. No difference in staining intensity or
distribution of staining was observed between PM and
DM patients. In all 11 patients the ABC antigens were
expressed on endothelial cells of all types of blood vessel
(Figure 1D).

Group 2: Patients in an Active Stage of Disease
with Clinical Signs of Myositis and Typical
Clusters of Inflammatory Cells in Muscle Tissue

MHC Class II Immunoreactivity

The HLA-DR antigens were expressed on muscle fiber
membranes in nine patients (seven of seven PM, two of
three DM) (Figure 1E). Staining on muscle fibers ranged
from 1� to 3� with manual scoring and image analysis
measurement gave a median value of 8.6% with an IQR
of 19.2% (Figure 2A). HLA-DR reactivity was sometimes
noted in the cytoplasm (Figure 1E). Both normal and
morphologically changed fibers expressed DR antigens
(Figure 1E). Fibers invaded by inflammatory cells ex-
pressed a strong HLA-DR reactivity (Figure 1E). Inflam-
matory cells and endothelial cells also expressed the DR
antigen (Figure 1E). No difference in staining pattern
between PM and DM patients was recorded.

In this group with active myositis patients, biopsies
were repeated after 3 months of treatment with cortico-
steroids. Five out of nine patients still expressed HLA-DR
after treatment (four of seven PM, one of three DM).
Staining intensities ranged from 1� to 3�. The median
value for HLA-DR was 2.1% with an IQR of 1.6%. In these
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biopsies the HLA-DR-stained area was significantly
smaller compared to that in the first set of biopsies per-
formed before treatment (P � 0.03).

HLA-DQ reactivity was detected in 8 out of 10 biop-
sies, located to inflammatory cells, endothelial cells of
capillaries, arterioles, and venules. In two sections immu-

noreactivity for HLA-DQ was present on fiber mem-
branes, in both cases in very few fibers. After 3 months of
treatment 6 out of 10 biopsies expressed HLA-DQ reac-
tivity. Staining was located to inflammatory cells and en-
dothelial cells, no positive staining being observed on
muscle fiber membranes.

Figure 1. Immunohistochemical localization of HLA-DR and HLA-ABC in muscle tissue. Dark red staining demonstrates a positive staining. Original magnifica-
tions, �340. A, C, and E depict HLA-DR staining and B, D, and F depict HLA-ABC staining. A and B are representative stainings for healthy control tissue with
MHC reactivity in endothelial cells. C and D illustrate immunostaining in tissue from a PM patient with clinical symptoms of muscle weakness but without
detectable infiltration of inflammatory cells in muscle tissue. Distinct HLA-DR and HLA-ABC fiber reactivity is present despite absence of infiltration of
inflammatory cells. E and F represent stainings of tissue from a PM patient with clinical symptoms of muscle weakness and heavy infiltration of inflammatory cells
in muscle tissue. Strong immunoreactivity of HLA-DR and HLA-ABC on muscle fibers, inflammatory cells, and endothelial cells.
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MHC Class I Immunoreactivity

All 10 patients investigated had a very strong and
intense expression of HLA-ABC on almost all muscle fiber
membranes and also in the cytoplasm of the muscle
fibers (Figure 1F), data previously presented.28 The mus-
cle tissue was heavily infiltrated with inflammatory cells
and these were strongly positive for HLA-ABC (Figure
1F). The staining intensity on muscle fibers varied be-
tween 2� to 4�. The quantitative examination gave M,
47.5%; IQR, 26.4% (Figure 2B). HLA-ABC expression
was lower after treatment, M, 28.8%; IQR, 36.9%, but not
statistically significant, as with HLA-DR.

Group 3: Patients in a Chronic, Inactive Phase
of Myositis without Detectable Clusters of
Inflammatory Cells

MHC Class II Immunoreactivity

In this group anti-HLA-DR reactivity with muscle fibers
was noted in one of seven patients with PM and in one of
four patients with DM, both scored 2�. Median value of
HLA-DR staining assessed by image analysis was 2.2%
with an interquartile range of 0.9% (Figure 2A). HLA-DR
reactivity was preferentially noted in areas that also stained
for HLA-ABC. Endothelial cells and scattered inflammatory
cells expressed HLA-DR antigens in all 11 cases.

HLA-DQ antigens were expressed in three patients with
PM and two patients with DM, restricted to scattered inflam-
matory cells, endothelial cells of capillaries, arterioles, and
venules but were not evident in any muscle fibers.

MHC Class I Immunoreactivity

Nine of 11 patients exhibited immunoreactivity for HLA-
ABC on muscle fiber membranes (five of seven PM and
four of four DM) as previously reported.4 The positive
muscle fibers displayed staining of sarcolemma and in
some cases in the cytoplasm. A varying pattern and
intensity of staining was observed, biopsies being scored
between 1� to 4�. Image analysis gave M � 4.7%,
IQR � 5.5% (Figure 2B). In some biopsies HLA-ABC was
present in clusters of fibers and in others almost every
fiber was positive. HLA-ABC-positive fibers were appar-
ent in all parts of the biopsy and were not confined to
areas of structural changes. Staining for HLA-ABC was

Figure 2. Image analysis values of immunostainings for HLA-DR and HLA-ABC in muscle biopsies from control and patient groups. C1, control group 1, includes
11 healthy individuals; C2, control group 2, includes 10 patients with other muscle disorders; P1, patient population 1, includes 11 patients with clinical signs of
myositis but without detectable infiltration of inflammatory cells in muscle tissue; P2, patient population 2, includes 10 patients in an active stage of disease with
clinical signs of myositis and typical inflammation in tissue; P3, patient population 3, includes 11 patients in a chronic, inactive phase of myositis with minimal infiltration
of inflammatory cells. A: Percentage of HLA-DR expression in muscle tissue from myositis patients in various stages of disease activity and from controls. A statistically
significant difference was observed between, C1 and P1 (P � 0.02), C1 and P2 (P � 0.008), and between C2 and P2 (P � 0.006). B: Percentage of HLA-ABC expression
in muscle tissue from myositis patients in various stages of disease activity and from controls. A statistically significant difference was observed between, C1 and all three
patient populations, P1, P2, and P3 (P � 0.0002, P � 0.0001, P � 0.03), C2 and P1 (P � 0.0007), and between C2 and P2 (P � 0.0002).

Figure 3. Immunohistochemical staining for HLA-DR on a muscle fiber
membrane from a PM patient. Original magnification, �680.
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also present in endothelial cells of capillaries, arterioles,
and venules in all biopsies. No dissimilarities in HLA-ABC
expression were observed between PM and DM patients.

Patients with Dystrophies and Neuropathies

MHC Class II Immunoreactivity

As control tissue we also included biopsies from 10
patients with other muscle disorders, five patients with
neuropathies and five with muscle dystrophies. The stain-
ing pattern for DR and DQ antigens on muscle fibers from
patients with neuropathies and dystrophies was similar to
the expression in control biopsies from healthy individu-
als, no expression of HLA-DR being seen on the muscle
fibers (Figure 4, A and B). Quantification of HLA-DR by
image analysis gave a median value of 2.4% and IQR of
0.6% for patients with neuropathies and dystrophies.

MHC Class I Immunoreactivity

The endothelial expression of HLA-ABC in tissue was
similar to the healthy control tissue but a larger number of
biopsies also expressed the ABC antigens on muscle
fiber surfaces. Three out of five patients with neurological
disturbances and three out of five patients with muscle
dystrophies exhibited fiber reactivity for HLA-ABC with
intensities ranging from 1� to 2�. Median value of image
analysis for patients with neuropathies and dystrophies
was 5.5% with an IQR of 2.4%.

Statistical Analysis

MHC Class II Immunoreactivity

A statistically significant difference in percentage of
HLA-DR expression in the respective biopsies was ob-
served between healthy controls and patients with clini-
cal symptoms of myositis but without inflammatory infil-
trates (P � 0.02), as well as between healthy controls and

patients in an active phase of disease with inflammatory
infiltrates (P � 0.008). No statistically significant differ-
ence was observed between normal controls and pa-
tients in a chronic, inactive phase of disease. When com-
paring patients with other muscle disorders with the
different myositis groups a statistically significant differ-
ence in stained area for HLA-DR was only noted for
patients in an active phase of disease (P � 0.006).

MHC Class I Immunoreactivity

The positively stained areas for HLA-ABC were signif-
icantly larger in the biopsies from myositis patients in all
three groups compared to biopsies from healthy controls
(P � 0.0002, P � 0.0001, P � 0.03, respectively). When
comparing HLA-ABC expression from the different myo-
sitis groups with patients with other muscle disorders, a
significantly larger area was stained in biopsies from
myositis patients with clinical symptoms but without clus-
ters of inflammatory cells in tissue (P � 0.0007) and in
biopsies from active myositis patients (P � 0.0002),
whereas no significant difference was observed with pa-
tients in a chronic, inactive phase of disease.

Laser Confocal Microscopy

Double-immunofluorescent labeling with antibodies di-
rected toward both HLA-DR and laminin (a membrane
protein) gave a staining pattern for HLA-DR similar to the
immunohistochemistry stainings. All muscle fiber mem-
branes and vessel membranes were positive for laminin
staining. When images were analyzed by laser confocal
microscopy co-localization of HLA-DR and laminin ex-
pression was evident (Figure 5). This co-localization was
obvious in muscle tissue from patients in both histopatho-
logically normal and morphologically changed muscle
fibers such as atrophic or degenerating fibers. Double-
stained fibers were present in areas both with and without
inflammatory infiltrates. HLA-DR staining was not evenly

Figure 4. Immunolocalisation of HLA-DR in muscle tissue from a patient with muscle dystrophy (A) and a patient with muscle neuropathy (B). Original
magnifications, �340. A: Despite the presence of intense mononuclear infiltrates similar to those of active myositis no HLA-DR expression was evident on muscle
fiber membranes. B: No HLA-DR staining on muscle fiber despite morphologically changed muscle fibers.
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distributed on the muscle fiber surface, as was the case
with laminin, but rather a patchy staining pattern with accu-
mulations in some areas of the membrane was observed
(Figure 5). This was particularly obvious using double stain-
ing as co-localization of HLA-DR and laminin was only de-
tected on parts of the muscle fiber membrane.

Discussion

In this study we demonstrate that a significant proportion
of skeletal muscle fibers express MHC class II as well as
MHC class I in inflammatory myopathies and that MHC
antigen expression can occur independently of the pres-
ence of inflammatory cell infiltration. Furthermore, there
was no difference in MHC class II or MHC class I staining
patterns between PM and DM patients.

Our finding of MHC class II antigens on muscle fibers
in patients with active idiopathic inflammatory myopathy
is in accordance with some previous studies,14–17,22–24

but in contrast to other reports in which no MHC class II
expression on muscle fibers was detected.6,7,11,20,21,31

Considering the potentially important role that MHC class
II antigens may have in the pathogenesis of inflammatory
diseases, such as myositis, it should be essential to
determine to which extent these previous divergent re-
sults are because of methodological differences or may
also be explained by different patient groups analyzed.

Conventional indirect immunohistochemistry is a stan-
dard method for demonstration of MHC class II and I
molecule expression in tissues and cell cultures. We
used carefully selected monoclonal antibodies specific
for MHC class II and for MHC class I, respectively. Op-

Figure 5. Double-immunofluorescent staining for HLA-DR and laminin, analyzed by laser confocal microscopy. Original magnifications, �200. Lane a, sections
positive for laminin, green fluorescence; lane b, sections stained for HLA-DR, red fluorescence; and lane c, co-localization of the two molecules to the muscle
fiber membrane. The yellow color indicates co-localization whereas the green and red fluorescence indicates positive staining of laminin and HLA-DR respectively.
A: A section from a PM patient, with histopathological normal fibers and no infiltration of inflammatory cells. B: Longitudinally sectioned biopsy from a PM patient
showing laminin and HLA-DR staining along the fiber membrane. C: A section from a PM patient, with morphological changed fibers and infiltration of
inflammatory cells.
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timal concentrations for primary antibodies as well as
optimal dilutions for secondary reagents were deter-
mined by stepwise titration on normal human tonsils. In all
experiments human tonsils were included as positive
controls, a procedure that was not always included in
some earlier studies that reported negative MHC class II
staining. To exclude nonspecific staining in our experi-
ments isotype-matched irrelevant control antibodies were
included. For evaluation of staining all sections were read
coded both for the descriptive evaluation with conven-
tional microscopic enumeration and for the quantitative
measurement by image analysis. In addition we were
able to demonstrate, by double-immunofluorescent stain-
ing evaluated by laser confocal microscopy, that MHC
class II is expressed on the muscle fiber membrane and
is not an artifact caused by shedding of molecules from
the contacting inflammatory cells.

Another critical point to consider is the selection of the
patient population. In this study we have a unique patient
material encompassing PM and DM patients in both
acute and chronic phases of the disease and those with
acute PM and DM includes patients both with and without
inflammatory infiltrates present in muscle tissues. Inter-
estingly, a common denominator for all three groups was
the expression of both MHC class II and class I on
muscle fiber membranes. The observed expression of
MHC class II on muscle fibers in tissues without inflam-
matory infiltrates supports a distinct staining of the mus-
cle fiber membrane that could in these cases not be
because of an artifact caused by diffusion of stained
molecules from adjacent activated inflammatory cells.

Both MHC class II and MHC class I expression on
muscle fibers can be considered as induced because a
significantly higher expression was observed in PM and
DM patients compared to healthy controls. MHC class II
antigen expression on muscle cells also seems to be
restricted to the inflammatory myopathies because none
of the cases with dystrophies or neuropathies, represent-
ing muscle tissues with inflammatory infiltrates or muscle
fiber changes, exhibited this feature. Similar observations
in tissue from patients with dystrophies or neuropathies,
with absence of MHC class II antigens expressed on
muscle fibers, have been reported by others.14,23,24 Con-
versely, HLA-ABC antigen expression differs from the
restricted HLA-DR expression because increased mus-
cle fiber expression of HLA-ABC was detected in a vari-
ety of muscle disorders in both our study and in those of
others.6,7,12,14

Our finding of induced MHC class II and class I ex-
pression in inflammatory myopathies at various stages of
disease activity is supportive evidence for a possible role
played by these glycoproteins in the pathogenesis of
these diseases. Expression of MHC class II and MHC
class I on muscle fibers indicates that the muscle fibers
are immunologically activated, but the mechanism under-
lying this expression as well as the consequences are as
yet unknown. This is especially interesting when consid-
ering activated and phenotypically changed fibers in the
absence of infiltration of inflammatory cells. It is therefore
not likely that induction of MHC expression in these situ-
ations occurs in response to local lymphocyte products

such as interferon-�, as has been previously suggest-
ed.8–10,13,32,33 Neither is a nonspecific induction of MHC
class II expression in diseased skeletal muscle likely
because no expression was recorded in biopsy speci-
mens from muscular dystrophies or neuropathies.

Another interesting molecule with potential to up-reg-
ulate MHC class II and I molecules that has been de-
tected in muscle tissue is IL-1�.34,35 IL-1� is mainly ex-
pressed by endothelial cells of capillaries, arterioles, and
venules in inflammatory myopathies36 and IL-1� has also
been observed in muscle tissue without any infiltration of
inflammatory cells.4 Thus one possibility is that MHC class II
and class I expression is regulated in response to IL-1�.
Proinflammatory cytokines, among them IL-1�, have re-
cently been observed to influence MHC expression on hu-
man myoblasts and myotubes in in vitro experiments.37

It is tempting to speculate that muscle cells that ac-
quire MHC class II and MHC class I expression may in
some way contribute to antigen presentation. Neuronal
cells, another cell type that does not under normal con-
ditions express MHC molecules, can be induced to ex-
press MHC class I and MHC class II. It has been hypoth-
esized that there is a suppressed inducibility of MHC in
functionally active neurons but with eg, viral damage,
loss of bioelectric activity of cells could up-regulate MHC
molecules for recognition by T cells and thus clearance of
abnormal cells.38 Whether differentiation of muscle fi-
bers, with the expression of MHC on the fiber membrane,
contributes to activation or to development of anergy in T
lymphocytes is probably dependent on presence of clas-
sical co-stimulatory molecules. Such molecules are those
within the B7 family, and these have not been demon-
strated on muscle fibers to date.39,40

The present study clearly demonstrates the presence
of MHC class II and MHC class I expression on muscle
fiber membranes in muscle tissue from PM and DM pa-
tients, both when inflammatory infiltrates are present and
absent in muscle tissue. Our results indicate an important
role for the muscle fibers in the pathogenesis of inflam-
matory myopathies. The expression of MHC class II and
MHC class I does not seem to be a consequence of the
infiltrating inflammatory cells. Rather, MHC class II and
MHC class I might be an even earlier event than leuko-
cyte infiltration in initiating and maintaining pathological
events in myositis.
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38. Neumann H, Cavalié A, Jenne DE, Wekerle H: Induction of MHC class
I genes in neurons. Science 1995, 269:549–552

39. Bernasconi P, Confalonieri P, Andreetta F, Baggi F, Cornelio F, Man-
tegazza R: The expression of co-stimulatory and accessory mole-
cules on cultured human muscle cells is not dependent on stimulus
by pro-inflammatory cytokines: relevance for the pathogenesis of
inflammatory myopathy. J Neuroimmunol 1998, 85:52–58

40. Curnow SJ, Willcox N, Vincent A: Induction of primary immune re-
sponses by allogeneic human myoblasts: dissection of the cell types
required for proliferation, IFNgamma secretion and cytotoxicity.
J Neuroimmunol 1998, 86:53–62

Fiber Membrane Expression of MHC Class II in Myositis 1273
AJP October 2001, Vol. 159, No. 4


