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Success is failure turned inside out, 
the silver tint of the clouds of doubt, 
and you never can tell how close you are, 
it may be near when it seems afar, 
so stick to the fight when you’re hardest hit, 
it’s when things go wrong, 
that you must not quit. 
 

 
                                   -C. W. Longenecker 
 

 



 

ABSTRACT 

Polymyositis (PM), dermatomyositis (DM) and inclusion body myositis (IBM), collectively 
called myositis, are chronic inflammatory myopathies. These disease subsets are 
heterogeneous but share some features, such as skeletal muscle weakness and inflammatory 
cell infiltrates in muscle tissue. In many patients involvement of other organs, in particular 
skin and lung, also occurs. Another characteristic feature is the presence of autoantibodies 
which are (1) myositis specific, e.g. anti-histidyl-transfer ribonucleic acid (RNA) synthetase (Jo-
1) and anti-Mi-2, and (2) myositis associated e.g. anti-Ro52/SSA, anti-Ro60/SSA, anti-PM/Scl 
and anti-U1sn ribonucleoprotein (RNP) autoantibodies. Presence of anti-Jo-1 
autoantibodies is specifically associated with interstitial lung disease (ILD). Despite the 
clinical associations it is not known whether these autoantibodies have a pathogenic role or 
are merely an epiphenomenon in the disease mechanism. 
 Aim: The overall goal of this thesis was to evaluate the role of specific and 
associated autoantibodies in myositis pathogenesis by combining in vivo and in vitro 
approaches. 
 Results: We demonstrated in vitro that immune complexes containing anti-Jo-1 or 
anti-Ro52/Ro60 autoantibodies and RNA may act as endogenous type I interferon 
(IFNα/β) inducers via plasmacytoid dendritic cells (PDCs). Patients also had increased 
expression of IFNα/β-inducible human myxovirus resistance 1 (MX-1) protein in muscle 
tissue which correlated with number of blood dendritic cell antigen (BDCA)-2 positive 
PDCs. DM patients characterized by skin rash also had increased MX-1 expression in 
muscle tissue but this was located to capillaries, suggesting another induction mechanism 
and cellular IFNα source such as the skin. The same groups of patients displayed elevated 
levels of B cell activating factor (BAFF), suggesting an induction by a local (muscle and 
skin) type I IFN system. Sera from PM patients with anti-Jo-1 autoantibodies and ILD 
exhibited induced intracellular adhesion molecule (ICAM)-1 expression in lung 
endothelial cells in vitro, which has clinical relevance as ICAM-1 is upregulated in vivo in 
endothelial cells of capillaries in muscle tissue. 
 The effects of high dose intravenous immunoglobulin (IVIG) treatment on 
endothelial cell activation and other immunological molecules investigated in muscle tissue 
varied between patients and were not correlated with improved muscle function. This 
could be due to the heterogeneity of the disease mechanisms in myositis. The effects of 
IVIG treatment were thus considered as being limited. 
 Conclusion: There seems to be a role for anti-Jo-1 autoantibodies in the 
pathogenesis of myositis patients with lung and skin involvement. The findings in this 
thesis suggest that this role is related to the endogenous production of type I IFN, which 
perpetuates disease. Sera with anti-Jo-1 autoantibodies are capable of inducing endothelial 
cell activation, enabling the influx of inflammatory cells into the muscle tissue. An 
inflammatory condition sustained by inflammatory cells and their mediators may induce 
changes in muscle fiber metabolism which can lead to muscle damage. 
 
Keywords: Idiopathic inflammatory myopathies, polymyositis, dermatomyositis, inclusion 
body myositis, ILD, IVIG, IFN, BAFF, endothelial cells, anti-Jo-1. 
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INTRODUCTION 

Idiopathic inflammatory myopathies/myositis 

The idiopathic inflammatory myopathies comprise several diseases of which polymyositis 
(PM), dermatomyositis (DM) and sporadic inclusion body myositis (IBM), collectively 
called myositis, are the most common. These subsets of diseases are heterogeneous but 
share some features, such as skeletal muscle weakness and inflammatory cell infiltrates in 
muscle tissue. Their etiology is not known but genetic and environmental factors are 
believed to contribute to disease susceptibility and to clinical phenotypes. Involvement of 
other organs classifies PM and DM as systemic inflammatory diseases which mostly affect 
women. Conversely, IBM is mainly a degenerative chronic muscle disorder which mostly 
affects elderly men. 

Classification and diagnostic criteria 

The most often used diagnostic or classification criteria for PM and DM were proposed by 
Bohan and Peter in 1975,1, 2 and those for IBM were proposed by Griggs et al. in 1995.3 
Magnetic resonance imaging (MRI) to identify areas of inflammation in muscle or 
autoantibodies were not included when the Bohan and Peter criteria were established. 
Instead these were included in a proposed revision of the criteria.4 Many investigators have 
proposed new sets of criteria based on updated insights of either the histopathological 
features or autoantibody profiles.5-8 However, the idea is to create more homogeneous 
groups, which hopefully can be accomplished by an international effort which is currently 
ongoing to revise the criteria for both adult and juvenile myositis.9 Studies on 
autoantibodies may be useful for defining more homogeneous groups of patients to enable 
a better understanding of disease mechanisms. 

Characteristics of myositis patients 

Myositis (refers to all three subsets) patients within the subsets of PM, DM, and IBM have 
distinct clinical, histological and serological characteristics as depicted in Table 1. This 
suggests that different mechanisms may be involved in the development of different 
subsets of myositis. However, some of these features are overlapping which necessitates 
another basis for definition of subsets. Some such features are described in detail later in 
the Introduction section. 
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Table 1. Characteristics of PM, DM and sporadic IBM1-3, 10-25 

 
PM DM IBM 

Epidemiology    

       Incidence* 
 
 

2.2-7.6 cases/million 
population/year 

2.2-7.6 (1.9 for children) 
cases/million 
population/year 

2.2-4.9 cases (16 for 
corrections over age 
50)/million population/year 

       Age (mean) Adults (50-60 years) Children.  
Adults (50-60 years) 

Elderly (>50 years) 

       Sex (female:male)† 2:1 2:1 1:3 
Clinical features    
       Onset Subacute Subacute Insidious - slowly 
       Muscle weakness Symmetric (proximal) Symmetric (proximal) Asymmetric (distal + 

proximal), dysphagia 
       Skin rash Mechanic’s hands Gottron’s papules, 

heliotrope rash, mechanic’s 
hands, V-sign, Shawl sign 

No 

Extramuscular 
manifestations 

ILD, anti-synthetase 
syndrome, myocarditis, 
overlap syndromes  

ILD, anti-synthetase 
syndrome, myocarditis, 
overlap syndromes, cancer 

Polyneuropathy 
Sjögren’s syndrome 

Typical laboratory features    
Skeletal muscle 
biopsy 

Endomysial infiltrate 
(CD8+ T cells & M∅), 
MHC class I on fibers 

Perivascular infiltrate (CD4+ 
T cells & B cells), 
perifascicular atrophy, MHC 
class I on fibers 

Endomysial infiltrate (CD8+ 
T cells & M∅ ), rimmed 
vacuoles, amyloid deposits, 
tubulofilaments, 
regenerating/degenerating 
muscle fibers, MHC class I 
on fibers 

EMG Myopathic Myopathic Myopathic and neurogenic 
Muscle enzymes; 
serum CK 

10-50 times elevated 
(sometimes normal) 

10-50 times elevated 
(sometimes normal) 

< 12 times upper limit of 
normal 

Defined autoantibodies 60% 50% 30% 
Treatment    

Response to 
immunosuppressives 

Good Good Limited 

CK = creatinine kinase; DM = dermatomyositis; EMG = electromyogram; IBM = inclusion body myositis; ILD = 
interstitial lung disease; M∅ = macrophages; PM = polymyositis. 
* The reports of incidence and prevalence are limited. The figures differ between different study populations, perhaps 
due to different inclusion criteria as well as due to ethnic and geographical reasons. 
† Female : male ratio was increased to 5 :1 for PM and DM cases during childbearing age.12 

Muscle weakness 

Myositis patients with the most severe muscle weakness can potentially end up wheelchair-
bound and requiring assisted ventilation. Besides muscle weakness, patients with PM and 
DM also suffer from decreased muscle endurance and fatigue (exhaustion/tiredness), 
disabling them from daily activities. The proximal muscles such as neck, shoulder, pelvic 
and thigh muscles are typically involved in a symmetrical fashion.1, 2 The patients 
experience difficulties in getting up from a chair, walking stairs and working with the arms 
above the head, for instance when they need to wash their hair. The patients experience 
difficulties in rising from a chair, walking stairs and working with the arms above the head, 
for instance when they need to wash their hair. IBM patients differ clinically mainly 
through involvement not only of the proximal thigh muscles but also of distal muscles, 
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mainly finger flexors and foot extensors, disabling them from holding things or writing.3 
Muscle atrophy in these muscle groups is pronounced. Muscle pain is not common in 
myositis. 

Extramuscular manifestations 

Cutaneous manifestations 
Some skin changes are characteristic of DM patients, distinguishing them from PM and 
IBM patients. These skin changes can already occur before the clinical onset of muscle 
weakness,26, 27 which may suggest that the causes for the appearance of skin changes could 
be of importance for the disease mechanisms driving the muscle symptoms in these 
patients. The most typical skin changes are purple discolorations of the eyelids, often with 
oedema (i.e. heliotrope rash) and a scaly, erythematosus plaque on the extensor surface of 
joints (i.e. Gottron’s papules). Some of these skin changes can also appear in certain 
patients with another systemic autoimmune disease, namely systemic lupus erythematosus 
(SLE).28 Patients with both diseases can be sensitive to ultra violet (UV)-light, which is 
suggested to be an environmental factor contributing both diseases. An interesting 
question to address is whether these shared clinical symptoms between DM and SLE also 
means that they could have other disease mechanisms in common. Another typical skin 
involvement in both DM and PM is termed mechanic’s hands and is a feature also included 
within the so called anti-synthetase syndrome which is associated with anti-Jo-1 autoantibodies 
(described later in Autoantibodies section). 

Lung involvement 
An extramuscular organ manifestation frequently occurring in PM and DM but rarely in 
IBM is lung involvement, either primarily or as a complication of muscle weakness. The 
reported prevalence of lung involvement in PM and DM varies from 5 to 65%,29, 30, 31, 32 
depending on whether clinical, radiological, functional or pathological criteria have been 
used. The lung complications are a major cause of morbidity and mortality in PM and 
DM,33, 34 although, early detection of these complications can lead to better treatment 
prognosis. The most common pulmonary disorder in PM and DM is interstitial lung 
disease (ILD), not always related to muscle symptoms and is one of the hallmarks of anti-
synthetase syndrome, which is mentioned below. In a study made of newly diagnosed 
patients, ILD occurred in 65% of them.31 The association of ILD and anti-Jo-1 
autoantibodies and arthritis was also confirmed, the latter also being a feature of anti-
synthetase syndrome.31, 35 A more severe development of ILD has also been reported in 
association with anti-Ro/SSA autoantibodies (described later in Autoantibodies section), 
although a three year follow up showed that this did not influence survival.36 In Caucasians 
ILD is associated with human leukocyte antigen (HLA)-DR (class II)1*03, DQA1*05-
DQB1*02 haplotypes.37 ILD can appear before, at the same time or after the onset of skin 
or muscle symptoms. These reports somewhat support the hypothesis that there may be 
different mechanisms underlying the development of the subsets of myositis, and some of 
the factors involved might be those driving the lung disease. 
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Anti-synthetase syndrome 
Another distinct subset of myositis is the clinical phenotype associated with presence of 
anti-synthetase autoantibodies (described later in Autoantibodies section), called anti-
synthetase syndrome, which is characterised by myositis, Raynaud’s phenomenon, ILD, 
arthritis and mechanic’s hands.35 

Other organ involvement 
Other organs that are frequently involved with signs of inflammation in myositis are the 
pharyngeal and gastrointestinal muscles, leading to difficulties in swallowing. Less common 
is heart involvement with myocarditis and cardiac failure or conduction abnormalities,38, 39 
but this is a common risk for mortality in patients with PM and DM.33 Arthritis, a feature 
also included within the anti-synthetase syndrome, is commonly represented in PM and 
DM patients 

Malignancy 
There is an association between DM and malignancies, but with no specific malignancy 
being over-represented.40, 41 The increased risk is both at the time of DM diagnosis but also 
after more than 10 years duration of disease. For PM or IBM the association with 
malignancies is uncertain. A study recently undertaken to determine whether risk in 
developing cancer in myositis could be predicted by autoantibody profiling demonstrated 
that the patients with cancer were those without myositis specific-/associated 
autoantibodies (described later in Autoantibodies section) such as anti-Jo-1, anti-PM-Scl, anti-
ribonucleoprotein (RNP), and anti-Ku autoantibodies. Instead the newly described 
autoantibodies against 155 kD and 140 kD protein specificities represented a significant 
risk factor for developing cancer-associated DM.37, 42 

Overlap syndromes 
PM and DM may occur in combination with one or several rheumatic diseases, most 
commonly with systemic sclerosis (SSc), Sjögren’s syndrome (SS), or mixed connective 
tissue disease (MCTD), but also with SLE or rheumatoid arthritis (RA). Sporadic inclusion 
body myositis may be associated with SS, but rarely with other autoimmune diseases.22, 43 

Etiology 

Genetic susceptibility 
Myositis is associated with certain HLA-DR genotypes.44-47 This further supports the role 
of T cells in the disease mechanism, as the major function of HLA-DR molecules is to 
present antigen to CD4+ T cells and these antigens could be autoantigens. Interestingly, 
different autoantibodies and different ethnicities are associated with different HLA-DR or 
DQ genotypes.23, 44 The strongest association in white myositis patients is to HLA-DRB1 
*0301.23, 47, 48 
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Environmental factors 
The etiology of myositis is most likely an interplay between genetic susceptibility and 
exposure to certain environmental factors. It is suggested that multiple factors such as 
immunologic, genetic and environmental (e.g. infections caused by microbial agents, 
hormonal factors, ultraviolet light, stress) contribute to the development of autoimmune 
diseases.49 Seasonal patterns in the onset of myositis characterized by disease-specific 
autoantibodies (described later in Autoantibodies section) such as anti-Jo1 and anti-signal 
recognition particle (SRP) has been reported, indicating a common environmental factor 
contributing to the disease.50 However, in a recent study seasonal patterns were not specific 
for patients with or without myositis-specific autoantibodies, instead these appeared in 
juvenile (children) DM.51 Interestingly, this birth distribution was stronger in anti-p155 
autoantibody positive juvenile DM compared to anti-p155 autoantibody negative juvenile 
DM cases. The same was true when the juvenile DM patients were compared for HLA-
DRB1*0301-positive versus -negative cases. 

UV-light 
There are no epidemiological studies made in myositis to address particular environmental 
factor exposure to myositis patients. However, there is support for the role of UV-light in 
DM cases as the frequency of DM is relatively higher along the geographical latitude 
towards the equator.52 A global study undertaken to determine the climatic factors 
influencing the frequency of myositis subtypes revealed that UV radiation intensity most 
strongly contributed to the relative proportion of DM and also anti-Mi-2 autoantibodies 
(described later in Autoantibodies section) that are strongly linked to DM.53 
 UV radiation may promote autoimmune disease and immune responses to 
autoantigens via different independent mechanisms: (1) UV radiation has for instance 
immunomodulatory effects such as cytokine production;54, 55 (2) promotes cutaneous 
inflammation as evident in cutaneous lupus erythematosus patients;28 (3) regulates surface 
expression of adhesion molecules;56 (4) induces apoptotic cell death and may indirectly alter 
the immune responses to autoantigens.57 Interestingly, UV-B irradiation of keratinocytes 
and HeLa cells induces novel modifications in autoantigens by generating crosslinked 
ribonucleic acid (RNA) protein complexes which are recognized by human autoantibodies 
to RNPs.58 

Viral infections 
Many patients with myositis have reported that their clinical symptoms have appeared and 
persisted after a cold or flue episode. The role of infectious agents, such as viruses, in 
inducing myositis has therefore been elaborated by researchers, but no specific viruses have 
been detected in muscle tissue by means of polymerase chain reaction (PCR) method.59, 60 
However, infection with different viruses such as coxacievirus, adenovirus and the 
retrovirus human immunodeficiency virus (HIV) has been associated with myositis.61-64 
Retrovirus cytomegalovirus, and Epstein-Barr virus have been associated with 
development of SLE,65, 66 which shares some clinical and histological features with DM 
patients in particular. Potential mechanisms through which an infection can lead to an 
autoimmune disease process include molecular mimicry, epitope spreading, bystander 
activation, polyclonal activation and viral superantigen activation (as reviewed).67 These 
mechanisms would for instance lead to activation and clonal expansion of autoreactive T 
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and B cells. Autoreactive T helper cells contribute to inflammation through production of 
cytokines, activation of B cells and subsequent production of autoantibodies, while 
autoreactive cytotoxic T cells are directly involved in cell destruction. The activation of 
autoreactive B cells results in production of antibodies to endogenous antigens, i.e. 
autoantibodies (as reviewed).65, 67 

Immunological features and their relation to clinical symptoms 

What causes the clinical symptoms in myositis patients is unknown. Investigations of 
skeletal muscle tissue suggest that both the skeletal muscle fibers and the microvasculature 
could serve as targets of the immune response through involvement of mononuclear 
inflammatory cells and their mediators. The most common histological features in myositis 
muscle tissue are illustrated in the Appendix, appearing at the end of this thesis. 
 Below I will explain these hypotheses in the context of mononuclear inflammatory 
cells and to some of the immunological molecules most consistently recorded in the 
muscle tissue of myositis patients. Muscle and skin biopsy specimens, sera and 
bronchoalveolar lavage (BAL) fluid from the lung of myositis patients provide us with 
opportunities to study the pathology and relate the clinical disease course to molecular 
events taking place in the target organs (muscle, lung, skin). The connection of these 
molecular events to autoantibodies is not a fully elucidated area. 

Immunological molecules 
In the skeletal muscle tissue of healthy individuals only the presence of occasional 
mononuclear cells or expression of immunological molecules can be observed.68, 69 These 
could probably serve as the basic innate defence. Inflammatory cells, adhesion molecules, 
pro-inflammatory cytokines and chemokines detected by immunohistochemistry are 
usually over-expressed in muscle tissue of myositis patients compared to in healthy 
individuals, and are thus believed to be involved in the pathogenesis of myositis. An 
overview of the most frequently occurring inflammatory cells and immunological 
molecules are described in Table 2. 
 
Table 2. Immunological molecules over-expressed in muscle tissue of myositis patients18, 20, 68, 70-88 

Molecules Expressed in inflamed muscle tissue  Main biological function  

Cells   

CD3+ T cells  Surrounding muscle fibers or vessels  Adaptive immunity 

CD4+ helper T cells Surrounding vessels Recognize MHC class II molecules, activate B 
cells and macrophages 

CD8+ cytotoxic T 
cells 

Surrounding non-necrotic muscle fibers  Release granzyme B and perforin. Produce IFNγ 
& TNFα  

CD28null T cells In infiltrates, CD4+ , CD8+, surrounding 
non necrotic muscle fibers 

Cytotoxic effects, production of IFNγ & TNF-α 

Macrophages Surrounding muscle fibers or vessels Innate immunity (phagocytosis), Professional 
APC 
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(Table 2 Continued.) 

Molecules Expressed in inflamed muscle tissue  Main biological function  

B cells Surrounding vessels in DM Professional APCs, activate helper T cells, 
differentiate into plasma cells  

Plasma cells Within the muscle tissue in PM and IBM Produce antibodies that can neutralize Ag, or 
promote phagocytosis by opsonization, or 
activate complement 

BDCA-2+ 
Plasmacytoid DC 

In mononuclear cells both around vessels 
and surrounding muscle fibers 

As APCs, produce TNFα & IL-6. Release 
IFNα/β which can up-regulate MHC class I 
expression & induce BAFF expression 

Myeloid DC Immature ((endomysial infiltrates), mature: 
(perivascular infiltrates) 

Professional APCs, stimulate adaptive immune 
response 

Adhesion molecules   

ICAM-1 Mononuclear cells, EC of capillaries, 
muscle fibers 

Facilitate leukocyte cell migration 

VCAM-1 Mononuclear cells, EC of capillaries Facilitate leukocyte cell migration 

Cytokines   

IL-1α Mononuclear cells, EC of capillaries Pro-inflammatory effects, can be induced by 
hypoxia 

IL-1β Mononuclear cells Pro-inflammatory effects 

HMGB-1 Mononuclear cells, EC of capillaries, 
occasional muscle fibers 

Pro-inflammatory effects, can induce IL-1α & 
TNF-α 

IL-17 Perivascular infiltrates Increase MHC-class I expression in synergy with 
IL-1β 

IL-18 Mononuclear cells, EC of capillaries, large 
vessels 

Pro-inflammatory effects; can induce IFNγ, IL-
1α, TNF-α, ICAM-1 & VCAM-1 

IFNγ Perivascular infiltrates Increase expression of MHC class I and II, 
activate M∅ 

TNF-α Mononuclear cells, occasional muscle 
fibers 

Pro-inflammatory effects, can induce IL-1α & 
MHC-class I expression 

Chemokines   

CCL20 & CCR6 Perivascular infiltrates in PM & DM Recruitment of immature DCs 

Other molecules   

MHC class I Surface/sarcolemma of muscle fibers Presents intracellular Ag to CD8+ T cells. 

MHC class II Surface/sarcolemma of muscle fibers Presents extracellular & intravesicular Ag to 
CD4+ T-cells. 

MAC Deposits on capillaries and surface of non 
necrotic, but in necrotic muscle fibers 

Activated by complement and acts by lysation of 
the target cell 

MX-1 (or MxA) 
protein 

Mononuclear cells, EC of capillaries, large 
vessels 

IFNα/β inducible, anti-viral effects 

Ag = antigen; APC = antigen presenting cell; BDCA = blood dendritic cell antigen; CD = cluster of differentiation; DC 
= dendritic cell; DM = dermatomyositis; EC = endothelial cells; HLA = human leukocyte antigen; HMGB1 = high 
mobility group box chromosomal protein 1; IBM = inclusion body myositis; ICAM-1 = Intracellular adhesion molecule 
1; IFN = interferon; MAC = membrane attack complex; MHC = major histocompatibility complex; MX-1/MxA-1 = 
myxovirus resistance 1; M∅ = macrophage; PM = polymyositis; TNF = tumour necrosis factor; VCAM-1 = vascular 
cell adhesion molecule 1. 
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Inflammatory infiltrates 
Although overlapping sometimes, we can still distinguish two major patterns of 
inflammatory infiltrates in skeletal muscle tissue in myositis (also shown in Table 1):18, 20 (1) 
Endomysial infiltrates with primarily CD8+ T cells surrounding non-necrotic muscle fibers 
and with macrophages, but also CD4+ T cells, mainly observed in patients with PM and 
IBM; (2) Perivascular (around blood vessels) infiltrates predominantly composed of CD4+ 
T cells, macrophages and occasionally B cells are mainly detected in DM patients. IBM 
patients are histologically characterized by rimmed vacuoles.20 The muscle fibers with rimmed 
vacuoles have accumulation of proteins such as amyloid-β, thus resembling the proteins in 
the brains of patients with Alzheimer’s disease.89, 90 The appearance of these patterns 
suggests that different mechanisms underly the myositis subtypes, which could also lead to 
different clinical phenotypes. Conversely, the shared clinical and histopathological 
symptoms could be an indication that some pathogenic mechanisms related to muscle 
function may be shared between the different myositis subsets. It is not clear either how 
these histopathological patterns are connected to the presence of autoantibodies. 

Cell mediated immunity 
The predominance of T cells in muscle tissue supports a role for the adaptive cellular 
immunity in myositis, but there may be different molecular pathways that characterize 
different subsets of myositis. Infiltrating T cells in IBM show a restricted Vβ T cell 
receptor (TCR) expression and expansion of T cell clones.91 Detection of T cell expansion 
of the CD4+ and CD8+ T cell populations was recorded in BAL fluid of myositis patients.92 
Interestingly, patients who shared the BV3(+) T cell expansions in the CD4+ T cell 
population in both muscle and lungs also shared HLA-DRB1*03 allele and were the only 
ones who were positive for anti-Jo-1 antibody (described in Autoantibodies section).92 This 
suggests common target antigens in these organs,92 which also supports the notion that an 
antigen-specific T cell response could occur in muscle tissues of myositis patients 
carrying a certain genetic susceptibility. Notably, Jo-1 autoantigen has been demonstrated 
in healthy lung and myositis muscle tissue.93 

Humoral immunity 
The involvement of humoral adaptive immunity is supported by the demonstration of B 
cells in DM18 and of plasma cells in muscle tissue in PM and IBM patients.74, 94 Presence of 
autoantibodies in sera of all subsets (described later in Autoantibodies section), although to a 
lesser extent in IBM, as well as beneficial effects of B cell blockade treatments in PM and 
DM are additional support.95, 96 Abundance of immunoglobulin (Ig) transcripts in PM and 
IBM was demonstrated by gene array studies of muscle tissue.97 Evidently, plasma cells 
detected in muscle tissues of PM and IBM patients had undergone oligoclonal expansion, 
and affinity maturation as well as isotype switching had occurred in individual cells, 
suggesting that antigen drives a B cell antigen-specific response in muscle tissue of 
myositis.94 The mechanisms leading to activation of B cells and the subsequent production 
of autoantibodies have not yet been elucidated in myositis. 
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Dendritic cells (DCs) 
DCs are professional antigen presenting cells at the cross-roads between the innate and 
adaptive immunity. Presence of myeloid and plasmacytoid DCs (PDCs) has been observed 
in muscle tissue of all three myositis subsets, suggesting a role for both the innate and 
adaptive immune systems.75-77 In addition, maturation of immature DCs is suggested to 
occur locally in muscle tissue in PM and DM,75 which implies that antigen presentation by 
dendritic cells can occur in muscle tissue. Supporting evidence for this is the presence of 
chemokines recruiting immature dendritic cells (CCL20 and its receptor CCR6), and 
absence of chemokines that recruit mature dendritic cells (CCL19, CCL21, CCR7).75 

Microvessels 
The involvement of microvessels in disease mechanisms of myositis is supported by 
several findings as described below. 

Phenotypical changes 
Ultrastructural studies in DM patients demonstrate endothelial cell abnormalities with 
accumulation of tubuloreticular inclusions and microvacuoles and sometimes swollen and 
necrotic endothelial cells.98-101 The content of these tubuloreticular inclusions is not known, 
but virus particles have been suggested. Similar findings have been described in SLE 
patients.100, 102, 103 The presence of myxovirus resistance 1 (MX-1), which is an anti-viral 
protein, in the capillaries of DM patients could support a viral suggestion.77 The 
phenotypical changes of the capillaries are related to the clinical signs of muscle weakness, 
indicating and additional role of the microvasculature in the mechanisms causing the 
clinical symptoms in both PM and DM.104 

Immunological expression 
In DM, a reduced capillary density98 and capillary reaction for complement membrane 
attack complex (MAC),86, 98 the lytic component of the complement pathway has been 
reported. MAC has also been demonstrated in cutaneous lesions in DM, also located to 
vessel walls,105 suggesting the additional involvement of the complement system in the 
pathogenesis of the skin in lesions of DM. However, it should be stressed that MAC is not 
expressed in muscle tissues of all patients studied, ranging from 26 to 94% of the 
patients,86, 98, 106 in early and advanced cases. DM has been traditionally viewed as a 
humorally mediated autoimmune disease with additional support of the presence of MAC, 
but there is no evidence for humoral causes to this action as no circulating immune 
complexes have been detected in myositis. However, these could be situated locally, which 
is not shown in myositis, or may act independently of the classical pathway, which is not 
either shown in myositis. Whether endothelial cell damage precedes, follows or occurs 
independently of MAC deposition is not known, but the studies referred to above favor an 
early involvement. Moreover, the specificity of the presence of MAC deposits in DM is 
questionable, as MAC deposits are also observed in necrotic as well as along the surface of 
non-necrotic muscle fibers in PM and muscle dystrophies,107-109 suggesting a role for MAC 
in muscle fiber necrosis. 
 Deposition of IgG and IgM as well as of complement factor C3 were observed in 
blood vessels and muscle fibers in muscle tissue of PM and DM patients, but was mostly 
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related to juvenile DM.110 In adult DM IgM, C3 or MAC deposits were found in few 
patients only.86 The authors suggested a complement activation preceding muscle 
inflammation, particularly in juvenile DM. In adult DM, however, the reason for the 
presence of MAC or suggested complement activation is not clear. In particular, DM 
patients with either C2111 or C9112 deficiency make the role of MAC and complement 
activation uncertain. 
 Further evidence for involvement of capillary endothelial cells is their expression of 
activation markers, such as intercellular adhesion molecule (ICAM)-1, vascular cell 
adhesion molecule (VCAM)-1 and the pro-inflammatory cytokine interleukin (IL)-1α.71, 81, 

83, 84, 104, 113 Under normal conditions ICAM-1 is present at low levels on vascular 
endothelium but is dramatically upregulated by lipopolysaccharide (LPS), tumour necrosis 
factor (TNF)α and IL-1α, while VCAM-1 is not constitutively expressed but is inducible 
by the same mitogens (as reviewed).114 Activation of the endothelial cells promotes 
extravasation of inflammatory cells into the muscle tissue. 
 Additional support for involvement of capillary endothelial cells is the observations 
from a controlled trial of refractory (treatment resistant) DM patients treated with high 
dose intravenous immunoglobulin (IVIG). In this study, improved muscle strength was 
associated with decreased ICAM-1 expression and resolution of MAC deposits on 
capillaries.115, 116 
 The microvascular changes and molecular expressions on the endothelial cells in 
muscle tissue in both DM and PM are detected both at early and advanced stages of the 
disease. Thus the capillaries are suggested to be an early and specific target of the disease 
process in muscle tissue in DM and PM. 
 Taken together, microvessel endothelial cells in muscle tissue sections of all three 
subsets of myositis are activated and morphologically changed (thickened), resembling 
endothelial cells of high endothelium venules (HEV),117 although, it is not known what 
factors that trigger the endothelial cell activation. Involvement of microvessels could also 
disturb the microcirculation in the muscle tissue (e.g. by causing hypoxia), but could also 
affect transportation of non-immunological nutrients to the muscle tissue and 
transportation of product such as lactate from the muscle, thereby affecting muscle 
function.118 

Muscle fibers 

Major histocompatibility complex (MHC) class I antigen  
Muscle fibers of most myositis patients, in contrast to those of healthy individuals, express 
MHC class I antigen (called HLA antigens in humans).84, 88, 104 This altered phenotype of 
muscle fibers could be pathogenically significant. This notion is supported by the 
association between muscle weakness and up-regulation of MHC class I on muscle fibers 
in a transgenic mouse model.119 Although not specific for myositis,120 MHC class I 
expression can be useful in the diagnosis of myositis patients.121 Some investigators 
advocate using characterization of DM patients histologically by MHC class I antigen 
expression predominantly located to perifascicular muscle fibers. The explanation for the 
MHC expression class I on muscle fibers in human myositis is unknown. 
 MHC class I antigen expression located to perifascicular muscle fibers is, however, 
not specific for DM patients, but also evident in myositis patients without skin rash. 
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Differentiated adult muscle cells do not normally express MHC class I antigen, but it is 
known that myoblasts in the myogenesis do express MHC class I antigen. This raises 
questions of whether these regenerating fibers for some reason stop growing into mature 
muscle cells. Interestingly, there are reports showing that hypoxia could promote an 
undifferentiated cell state,122 and what that means needs to be tested in future experiments. 
 An endoplasmatic reticulum (ER)-stress response, which could be initiated by 
pathological conditions such as viral infections, mutations and hypoxia,123 is suggested to 
be a link between MHC class I up-regulation and muscle damage and dysfunction in PM 
and DM. Over-expression of MHC class I induced an ER stress response in a mouse 
model,124 by up-regulating nuclear factor (NF)-κB, which is strongly activated in myositis 
and can suppress myoblast differentiation and induce pro-inflammatory cytokines causing 
muscle damage.125 

Are muscle fibers attacked by CD8+ T cells? 
CD8+ T cells are cytotoxic killer T cells which act by inducing cell death in cells that 
express MHC class I antigen presenting peptides from intracellular pathogens, commonly 
viruses. As CD8+ T cells surround non-necrotic muscle fibers in PM or IBM patients, these 
are believed to invade MHC class I antigen expressing fibers, causing muscle fiber necrosis. 
Necrotic muscle fibers can be detected in myositis muscle tissue. Signs of apoptosis in 
muscle tissue have not been proven.126, 127 Interestingly, T cell lines established from 
myositis muscle biopsy material were demonstrated to be cytotoxic to autologous 
myotubes.128 Together with reports on perforin expression in muscle tissue in myositis,129, 

130 a role for CD8+ T cells in myositis is supported. 
 To induce cell death, besides recognition of a putative antigen by the T cell 
receptor (TCR), CD8+ T cells require a co-stimulating signal from B7.1 (CD80) or B7.2 
(CD86) molecules binding to the CD28 molecule on T cells. No such co-stimulating 
molecules have been demonstrated to be expressed on muscle fibers in myositis. 
Conversely, a costimulatory molecule named BB-1, distinct from B7.1 and B7.2 has been 
proposed to be induced on muscle fibers, but recent data have indicated that this molecule 
actually binds to MHC class II antigen131 and thus do not substitute for the missing co-
stimulatory effect. 

Is there perifascicular muscle fiber atrophy in myositis? 
Perifascicular muscle fiber atrophy has long been adopted as a characteristic of DM by 
many investigators and is supposed to be caused by ischemia.7 It has been speculated that 
the initial reasons for perifascicular muscle fiber atrophy could be an activation of the 
endothelial cells of the capillaries in muscle tissue. 
 The hypothesis is that binding of putative antigen-specific antibodies to endothelial 
cells would be followed by activation of the complement system starting with C3 
activation, and finally leading to MAC deposition. This would in turn sequentially induce 
the swelling of the endothelial cells, capillary necrosis, and inflammation and muscle 
ischemia. Cytokines and chemokines related to complement activation would be released 
and up-regulate levels of ICAM-1 and VCAM-1 on endothelial cells, thereby enabling the 
influx of inflammatory cells into the muscle tissue. However, that concept is currently 
challenged.132 In models of ischemic myopathy, perifascicular atrophy is not apparent, but 
instead the central portion of the fascicles seems to be affected.133 
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 Furthermore, there is no evidence demonstrating that the perifascicular muscle 
fibers are actually atrophic. Unpublished data (Loell et al. 2007) in our group show that 
there is no difference between the fiber-type composition and fiber-type area of muscle 
fibers in muscle tissue of untreated, new onset myositis patients compared to healthy 
controls. Instead, it was demonstrated that these supposedly atrophic perifascicular muscle 
fibers are actually regenerating fibers.93 

Treatment 

Immunosuppressive agents 
At present the treatment of PM and DM is based on immunosuppressive agents; starting 
with high doses of glucocorticosteroids often in combination with disease-modifying anti-
rheumatic drug (DMARDs) such as methotrexate and azathioprine. Most patients with 
myositis respond at least partly to treatment with immunosuppressive agents, but 30% are 
resistant to this treatment and 70% do not resume their full muscle function.134-136 For IBM 
patients no treatment with immunosuppressive drugs has yielded significant improvement 
of muscle function. Glucocorticosteroids can reduce the inflammatory infiltrates in muscle 
tissue and thereby decrease the expression of some pro-inflammatory molecules and 
adhesion molecules.113 
 However, since most patients have sustained muscle weakness even though the 
inflammatory infiltrates have diminished after treatment, there is no clear association 
between muscle weakness and the presence of inflammatory infiltrates in muscle tissue. 
Neither is there a clear association between muscle weakness and serum enzymes (e.g. 
creatinine kinase [CK]) levels, as even these decreased to normal levels following treatment 
with glucocorticosteroids. This implies that possible mechanisms involved in the 
pathogenesis of myositis could be of both immune and non-immune nature, e.g. metabolic 
disturbances as mentioned earlier. There is thus an unmet need to search for immune or 
non-immune molecules regulating the immune system or muscle function that results in 
muscle weakness. Although some autoantibodies are related to some clinical symptoms 
(described below), their role in disease mechanisms leading to disturbed muscle function is 
not yet elucidated. 
 Beneficial clinical effects in pilot studies with new treatments, such as tacrolimus 
for ILD cases with anti-synthetase autoantibodies have been reported.137 Further studies 
and follow-up are required, however. 

IVIG 
Refractory dermatomyositis cases had better clinical outcome when treated with high doses 
of IVIG in one placebo-controlled study (read more in paper IV).115 Improved muscle 
strength was associated with decreased endothelial activation in the responders who were 
subjected to repeated muscle biopsy. However, the study was limited to repeat biopsies of 
the few DM patients who had improved clinically. IBM patients responded poorly on to 
IVIG treatment138, 139 and to date only clinical reports are available for PM patients treated 
with IVIG.140-143 Thus further investigation of the underlying molecular mechanisms is 
required, as well as for patients with PM and IBM. 
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Other biological agents 
New biological agents in mostly open-labelled studies have additionally been used. These 
include TNF blockade or B cell blockade. TNF blockade has been more inconsistent and 
even worsened disease in some reported cases,144-146 questioning the role of TNFα in 
myositis, particularly in patients with a chronic phase. 
 Beneficial effects in pilot studies with B cell blockade (rituximab) have been 
reported,95, 96 but further studies and follow-up are required. 

Exercise 
Aerobic exercise, endurance and strength training combined with immunosuppressive 
treatment has also been effective in PM and DM,147-150 although the optimal design of 
exercise still needs to be determined. 
 As described above, the effects of conventional immunosuppressive treatment and 
of modern biologics have been limited to date. There is a clear need for new treatment 
strategies in myositis, since many patients have persisting muscle weakness, decreased 
muscle endurance and low health-related quality of life following various treatments.151, 152 
Some of the pro-inflammatory molecules mentioned in the Immunological features section 
above could possibly contribute to pathogenesis and thus be potential candidates for 
development of new therapies. In order to develop new therapies, hopefully aiming for use 
on an individual basis, an increased knowledge and further studies of the underlying disease 
mechanisms is needed. 

The essence of being an autoimmune disease or not 

The presence of T cells in muscle tissue, of autoantibodies in serum, the detection of 
autoantigens in specific organs, correlation with HLA-DR genotype and the relatively 
moderate response to immunosuppressive and immunomodulatory agents support the 
notion that PM and DM are autoimmune diseases (read Characteristics of myositis patients 
section). 
 The histological characterization of IBM patients by muscle fibers with rimmed 
vacuoles, and accumulation by proteins resembling the proteins in the brains of patients 
with Alzheimer’s disease, together with the poor prognosis of treatment, has lead to 
suggestions that IBM is a degenerative muscle disorder with a secondary immune 
response.89, 90 However, this is controversial since a restricted Vβ TCR expression and 
expansion of T cell clones has also been reported in IBM.91 In addition there is a clear 
association to HLA-B8-DR3 in IBM patients.46 Both these reports support an autoimmune 
hypothesis. 
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Autoantibodies 

The initiation of autoimmunity occurs when tolerance to self-antigens is broken. As 
mentioned earlier there is probably interplay between genetic, environmental and 
immunological factors which contribute to this loss of self-tolerance. The reasons as to 
why apparently ubiquitously expressed self-proteins should become the targets of 
autoimmune responses and why they should associate with specific phenotypes are unclear. 
 Different theories are suggested for the generation of autoreactivity: (1) if a self-
target which was not presented to B- and T-cells during selection suddenly becomes 
available, it can lead to production of autoantibodies against itself (e.g. in cases of release of 
necrotic or apoptotic material); or (2) e.g. viral infections could lead to autoantibody 
production against the self-antigen through different mechanisms mentioned earlier under 
Environmental factors section.65 Many autoantigens targeted in systemic autoimmune diseases 
are also characterised by their susceptibility to cleavage by granzyme B153, 154 and subsequent 
immunogenicity. 
 Autoantibodies can contribute to disease through different means such as 
mediating direct damage to the cell that carries the antigen via antibody-dependent cellular 
cytotoxicity or complement activation. In autoimmune diseases autoantibodies can form 
immune complexes together with the autoantigen and contribute to inflammation via 
activation of Fc-receptor-expressing cells or via activation of the complement pathways. 
 Autoantibodies against self intracellular antigens are a common laboratory finding 
in systemic autoimmune diseases. Currently the determination of anti-nuclear antibodies 
(ANA) in Hep-2 cell lines by indirect immunofluorescence is the screening test in patients 
suspected of having systemic autoimmune disease. The presence of ANA can be used as a 
marker of some underlying autoimmune disease or in some cases as a diagnostic criteria 
(e.g. SLE with anti-double stranded [ds] deoxyribonucleic acid [DNA]) or as a support for 
diagnosis.155 One of the hallmarks of the systemic autoimmune diseases is the association 
of specific clinical phenotypes with unique autoantibody profiles. 

Autoantibodies in myositis 

Up to 80% of PM or DM patients have unpecific autoantibodies directed against antigens 
in calf thymus extract or expressed on human epithelial cell type (Hep)2 cells.156 However, 
defined/specified autoantibodies are present in about 50% of myositis patients. These are 
divided into myositis-specific autoantibodies (MSA) and myositis-associated autoantibodies 
(MAA), which react to various intracellular components.157 The frequency range of these 
autoantibodies within different patient populations, the biological functions of their 
corresponding autoantigens and clinical associations are summarized in Table 3.  
 In addition, MSA/MAA seems to have specific associations with HLA-DR 
haplotypes, irrespective of myositis subtype,37, 47 supporting the notion that myositis 
patients with differing myositis serologies have different immunogenetic profiles which 
may define specific myositis subtypes. These variations may also reflect different 
pathogenic mechanisms and/or responses to unique environmental triggers in different 
groups of subjects resulting in the heterogeneous syndromes of the myositis. 
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Table 3. Frequencies (%) of the most common myositis- specific and -associated autoantibodies in myositis 
patients, overall and in different disease subsets19, 35, 158-171* 

Autoantibodies 
All 
patients† PM DM IBM 

Biologic function of the 
autoantigens Clinical association 

Reported patients (N=) 60-417 27-198 33-181 2-38   

Myositis specific autoantibodies 38 38 41 18   

Anti-aminoacyl-tRNA 
synthetases (ARS) 

23 33 33 0 Esterification of the specific 
aa to its cognate tRNA 

Anti-synthetase 
syndrome, primarily 
ILD, myositis 

        Anti-histidyl-tRNA 
synthetase (Jo-1) 

16-30 18-55 12-16 0-5 Specific aa is histidine   

        Other anti-synthetases ‡ 3-9 3-14 3-7 0-3   
Anti-tRNA       Cognate tRNA Anti-synthetase 

syndrome, myositis 
       Anti-histidyl-tRNA  6 9 4 3   
       Anti-alanyl-tRNA  0.5 1 0 0   
Anti-signal recognition particle 
(SRP) 

0-5 0-11 0-3 0-3 Protein translocation from 
ribosome into ER 

PM patients with severe 
weakness and atrophy 

Anti-nuclear helicase/ATPase 
(Mi-2) 

5-16 0-9 10-33 0-8 Remodelling of nucleosomes Classic DM with skin 
rash 

Anti-p155/140 kD 21 
(N=244) 

0 
(N=48) 

21 
(N=39) 

- Unknown Juvenile and adult DM 
and cancer-associated 
DM 

Anti-SUMO E1 - - 100 
(N=2)  

- SAE1, SAE2: involved in 
post-translational 
modification 

Anti-synthetase 
syndrome 

Myositis associated autoantibodies 56 62 54 32   

Anti-exosome complex 
(PM/Scl); nucleolar  

2-11 0-4 0-14 50 Biogenesis of ribosomes PM and SSc overlap 
syndrome 

       Anti-PM/Scl-100 6 7 6 0   
       Anti-PM/Scl-75 3 3 3 0   
Anti-cytoplasmic Ro RNPs       
      Anti-Ro52/SSA 12-26 12-30 11-24 12-50 Ubiquitination Myositis and overlap 

syndromes, co-occurs 
with anti-Jo-1 

      Anti-Ro60/SSA  4-22 3-37 4-15 11-50 Bind to cytoplasmic Y RNAs Myositis and overlap 
syndromes 

      Anti-La/SSB 5-10 5-20 3-6 0-8 Bind to cytoplasmic Y RNAs Myositis and overlap 
syndromes 

Anti-Sm 3 0 1 0   
Anti-U1 snRNP (70kD) 5-11 4-11 3-13 0-3 Splicing of pre-messenger 

RNA 
Myositis and MCTD 

Anti-Ku; nuclear  2-3 0 0-2 0 DNA repair, 
phosphorylation of 
transcription factors 

Myositis with overlap 
syndromes, pulmonary 
hypertension 

Anti-histones 46 17  Act as spools around which 
DNA winds. 

Drug-induced lupus 

aa = amino acid; CTD = connective tissue diseases; DM = dermatomyositis; DNA = deoxyribonucleic acid; ER = endoplasmatic 
reticulum; IBM = Inclusion body myositis; ILD = interstitial lung disease; N = Number of patients; PM = polymyositis; RNA = 
ribonucleic acid; SAE1 = SUMO 1 activating enzyme A subunit, 38 kD; SAE2 = SUMO 1 activating enzyme B subunit, 71 kD; 
SUMO = small ubiquitin-like modifier activating enzyme; snRNP = small nuclear ribonucleoprotein; SSc = systemic sclerosis; 
tRNA = transfer RNA. 
*The autoantibodies were not detected using the same assays, which can be one reason for discrepancies between the studies, 
besides ethnological and geographical reasons. 
†Some studies reported myositis patients with overlap syndromes/CTDs and others did not give such information. To permit 
homogeneity, such patients are not included in this Table. 
‡Anti-threonyl-tRNA synthetase (PL-7), anti-alanyl-tRNA synthetase (PL-12), anti-glycyl-tRNA synthetase (EJ), anti-isoleucyl-tRNA 
synthetase (OJ), anti-asparaginyl-tRNA synthetase (KS), anti-tyrosyl-tRNA synthetase, anti-phenylalanyl-tRNA synthetase (Zo).  
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 I have limited my studies to the investigation of defined myositis-
specific/associated autoantibodies. The most known and commonly detected MSA and 
MAA in myositis patient sera and those with the most important role in my investigations 
will be described in more detail. Despite the clinical associations it is not known whether 
these autoantibodies have a pathogenic role or are merely an epiphenomenon in 
pathogenesis. However, autoantibodies are important tools for establishing diagnosis, 
classification, and prognosis of autoimmune diseases. 

Myositis-specific autoantibodies (MSA) 

MSA occur in 38% of myositis patients within Europe and are almost only detected in 
patients with myositis,19, 172 thus being referred to as myositis specific autoantibodies (Table 
3). The MSA target RNAs involved in protein synthetases.17 The most common MSA are 
anti-aminoacyl-transfer (t) RNA synthetases (ARS) and the most frequent of them is the 
anti-histidyl-tRNA synthetase (anti-Jo-1) autoantibody. Other MSA common in myositis 
patients are anti-nuclear helicase (Mi-2) and anti-SRP autoantibodies. MSA are often 
associated with certain clinical, genetic and prognostic features, implicating different 
pathogenic mechanisms within the myositis phenotypes.23, 35, 37, 47, 48, 173 The autoantibodies 
can therefore also be useful in diagnosis and classification of patients with myositis. 

Anti-aminoacyl-transfer (t) RNA synthetases (ARS) 
ARS are directed against aminoacyl-tRNA synthetases that catalyze the binding of each 
cognate amino acid to its tRNA so that the amino acid can be incorporated into a growing 
polypeptide chain.17, 157 The ARS are associated with anti-synthetase syndrome. As of today 
there are eight known ARS, and the most frequent (16-30%) is the anti-histidyl-tRNA 
synthetase (anti-Jo-1) autoantibody which has been the focus of my investigations and 
most explored in the research field. In Table 3 these other ARS are referred to as other anti-
synthetases: Anti-threonyl-tRNA synthetase (PL-7), anti-alanyl-tRNA synthetase (PL-12), 
anti-glycyl-tRNA synthetase (EJ), anti-isoleucyl-tRNA synthetase (OJ), anti-asparaginyl-
tRNA synthetase (KS), anti-tyrosyl-tRNA synthetase and anti-phenylalanyl-tRNA 
synthetase (Zo). In polish myositis patients anti-synthetase autoantibodies were strongly 
associated with DQA1*0501 haplotype.48 

Anti-Jo-1 autoantibodies  

Jo-1 autoantigen 
Since Jo-1 autoantigen is histidyl-tRNA synthetase, it is thought to be ubiquitously 
expressed and predominantly localized to the cytoplasm.174 By western blotting with Jo-1 
autoantigen-specific antibodies, no detectable Jo-1 autoantigen was detected in normal 
adult human breast lysates, while it was expressed at high levels in breast 
adenocarcinomas.93 In the same study, Jo-1 antigen expression in the lung was higher than 
that in the normal breast and modestly increased in the cancerous lung. In addition, very 
low levels of Jo-1 autoantigen were expressed in normal muscle, while high levels were 
expressed in muscle tissue lysates from PM or DM patients,93 which was confirmed by 
immunohistochemistry using affinity-purified polyclonal anti-peptide antibodies. The 
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increased expression was mainly localized to regenerating muscle fibers in myositis 
patients, predominantly with a perifascicular pattern in DM and intrafascicular pattern in 
PM. 
 Recently, new data from the same group demonstrated Jo-1 autoantigen expression 
in the alveolar epithelial layer of normal lung as well as notable levels in the pulmonary 
vasculature or airways.175 They also confirmed and found low levels of Jo-1 autoantigen in 
normal muscle, placenta, liver, colon and ovary specimens. Thus the authors suggested that 
Jo-1 autoantigen expression is not uniform across tissues and may be increased in disease-
specific microenvironments such as inflamed lungs and muscle in patients with PM or 
DM. Furthermore, and interestingly so, the same group demonstrated the presence of a 
granzyme B cleavable form of Jo-1 autoantigen in the alveolar epithelium of normal lung, 
suggesting that the Jo-1 autoantigen is more susceptible to granzyme B cleavage in lung 
than in other tissues, including muscle. 
 Moreover, both granzyme B-cleaved and non-cleaved Jo-1 autoantigen can serve as 
a chemokine recruiting immature dendritic cells, CD4+ and CD8+ T cells and activated 
monocytes via CCR5 receptor binding,161, 162 all these inflammatory cells being present in 
muscle tissue and BAL of myositis patients (described in Immunological features section).92 
CD8+ T cells are also enriched in BAL fluid from patients with non-specific interstitial 
pneumonia,176 which is the dominant form of ILD in patients with anti-synthetase 
syndrome to which anti-Jo-1 autoantibodies are specifically associated, since anti-Jo-1 
autoantibodies can occur also in ILD without myositis.31, 177 It is worth mentioning again 
that anti-Jo-1 antibody positive patients have been demonstrated to share BV3(+) T cell 
expansions in the CD4+ population in both muscle and BAL.92 

Anti-Jo-1 autoantibodies 
Support for the role of anti-Jo-1 autoantibodies in pathogenesis are earlier observations 
that anti-Jo-1 autoantibodies are usually present at the time of myositis diagnosis and could 
even precede the development of myositis symptoms.178 It was also reported that these 
autoantibodies underwent affinity maturation to the target autoantigen, and that the anti-
Jo-1 autoantibody response was mainly restricted to the IgG1 heavy chain isotype.178 Anti-
Jo-1 antibodies recognize multiple conformation- dependent and -independent epitopes on 
histidyl-tRNA synthetase.179 At the same time, another study reported that the NH2-
terminal region of histidyl-tRNA synthetase, which is a coiled-coil essential for enzymatic 
activity, is the major autoantigenic epitope.180 Anti-Jo-1 antibodies were also demonstrated 
to bind to RNA.181 
 Moreover, the levels of IgG1 anti-Jo-1 or recombinant human Jo-1 varied in 
relation to myositis disease activity.178, 182 These data suggest that anti-Jo-1 autoantibodies 
could be a used as a prognostic marker for disease severity. However, in a study conducted 
by Douglas et al. there was no difference in survival between anti-Jo-1 positive and anti-Jo-
1 negative groups.32 
 In a study in which the muscle pathology of anti-Jo-1 autoantibody positive 
patients was evaluated, it was concluded that the muscle tissue in these patients was distinct 
from that classically described for PM, DM and IBM. These anti-Jo-1 autoantibody 
positive patients had increased perimysial connective tissue with inflammation 
(macrophage-rich), neighbouring perifascicular regions of muscle fiber atrophy, 
regenerating fibers and some muscle fiber necrosis.183 In contrast to DM, perivascular 
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inflammation was rare, capillary density was normal, and MAC staining was negative. More 
investigations are required to distinguish the histopathological features in muscle tissue of 
anti-Jo-1 autoantibody positive patients. 
 Anti-Jo-1 autoantibody positivity is associated with ILD31, 177 and with HLA-
DR1*03 haplotype.47, 173 In a transgenic MHC class I mouse model leading to muscle 
weakness, MHC class I antigen and ICAM-1 were up-regulated on mainly regenerating and 
degenerating fibers. Interestingly, the mice developed antibodies to the Jo-1 autoantigen as 
well.119 
 Whether anti-Jo-1 antibodies have a pathogenic role in disease mechanisms in 
myositis or are merely an epiphenomenon is still under debate. Taken together these data 
leave open the question of whether anti-Jo-1 autoantibodies have a role in myositis 
development. 

Anti-SRP autoantibodies 
Anti-SRP autoantibodies are directed against a complex of six cytoplasmic proteins and an 
RNA molecule that escorts newly synthetized protein to the endoplasmic reticulum.172, 184 
In earlier studies anti-SRP autoantibodies were related to severe disease with acute onset, 
high frequency of cardiac involvement and relative resistance to treatment with high 
mortality.35 A study by Kao et al. did not confirm these reports.185 A more recent study 
confirmed the absence of a relationship between severity and cardiac involvement, but 
instead demonstrated an association with a form of necrotizing myopathy in which 
lymphocyte infiltrates are sparse.159 HLA-B*5001 and DQA1*0104 are novel potential risk 
factors among anti-SRP autoantibody positive myositis patients.47 

Anti-Mi-2 autoantibodies 
Using Western blotting with antibodies directed against the Mi-2 autoantigen, very low 
levels of Mi-2 autoantigen were shown to be expressed in normal muscle, while high levels 
were expressed in muscle tissue lysates from PM or DM patients.93 In the same study Mi-2 
autoantigen was not detectable in normal adult human breast, thymus and lung, while it 
was expressed at high levels in breast and lung adenocarcinomas, as well as in 
hepatocellular carcinoma. This implies that the Mi-2 autoantigen is a link between the 
malignancy and DM. 
 Anti-Mi-2 autoantibodies are directed against a nuclear protein involved in 
remodelling of nucleosomes.157 These autoantibodies are primarily evident in DM 
patients.19 Presence of anti-Mi-2 autoantibodies is associated with acute onset of DM with 
prominent skin changes in patients who respond well to therapy and have a good 
prognosis.35, 158 However, reactivity in all myositis subsets was determined towards different 
Mi-2 epitope fragments used in an European study.158 There was a potentially increased risk 
of cancer in patients with antibodies directed to the N-terminal fragment of the 
autoantigen, which supports the link of Mi-2 autoantigen to malignancy in DM. 
Furthermore, the presence of anti-Mi-2 autoantibodies is in Caucasians associated to HLA-
DR1*07, DQA1*02-DQB1*02 haplotypes and discriminates PM from DM.37 

26 



The Role of Autoantibodies in Inflammatory Myopathies 

Myositis-associated autoantibodies (MAA) 

MAA are often detected in myositis patients but also frequently occur in patients with 
other inflammatory connective tissue diseases (Table 3). Thus they are referred to as 
myositis-associated autoantibodies. Among the MAA, the anti-Ro/SSA (Ro52/Ro60) 
autoantibodies are most often detected in myositis patients (12-26%) and are also present 
in association with either SLE or SS. Other MAA detected in myositis patients with 
overlap syndromes are: anti-La/SSB autoantibodies which are strongly connected to 
patients with SS andSLE and which often co-occur with anti-Ro/SSA autoantibodies, anti-
RNP autoantibodies which are mostly detected in patients with MCTD, and anti-PM/Scl 
autoantibodies which are more specific for patients with SSc. 

Anti-Ro52 autoantibodies 
Ro52 is an E3 ligase that regulates cell death and over-expression of Ro52 mediates 
apoptosis in a mouse B cell line.166 The Ro52 autoantigen has recently been verified to be 
up-regulated and translocated from the cytoplasm to the nucleus following IFNα 
stimulation.186 Over-expression of Ro52 can also lead to ubiquitination of IFN regulatory 
factor (IRF)-8, which is a transcription factor for macrophages, dendritic cells and B cells 
as well as a regulator of type I IFNs which could become activated.187 Ro52 antigen can 
also interact with IgG.188 
 Anti-Ro52 autoantibodies are strongly connected to patients with SS but also to 
patients with SLE, and are particularly demonstrated to have a pathogenic role in 
development of congenital heart block in mothers with these autoantibodies.189 When 
present in myositis patients anti-Ro52 autoantibodies often co-occur with anti-Jo-1 
autoantibodies.167, 190 This raises the question of what the reason for this might be and 
whether it conveys some additional pathological contribution. Thus in this context anti-
Ro52 could perhaps also be of be value in diagnosis of myositis. 

Anti-Ro60 autoantibodies 
Anti-Ro60 autoantibodies are strongly connected to patients with SS and SLE and 
frequently co-occur with anti-Ro52 autoantibodies. Anti-Ro60 autoantigens bind to 
cytoplasmic Y RNAs.191 

Anti-Sm and anti-RNP autoantibodies 
Small nuclear (sn) RNP particles comprise a ubiquitous group of heterogeneous molecules 
that play varied roles in cellular metabolism. One of them is snRNP which is a monomeric 
spliceosomal U1 particle which splices pre-messenger RNA. U1 snRNP-specific proteins 
are 70kD (K), A and C, which are targets of the anti-snRNP response in MCTD. The core 
proteins B, D1, D2, D3, E, F and G which are components of the U1, U2, U4 and U5 
snRNPs are antigenic targets in the anti-Smith antigen (Sm) response in SLE (as 
reviewed).192 
 U1snRNP-70K protein is considered to be immunogenic: (1) Transgenic and 
knockout C57BL/6 mice exposed to an antigenic peptide of the U1-70 kD subunit of the 
U1snRNP-70K develop anti-RNP antibodies and ILD;193 (2) A small RNA of cellular 
origin was able to induce DC maturation and activation of T and B cells and creating 
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antibody response to exogenous antigens in mice, suggesting that U1 RNA is an 
endogenous adjuvant;194 (3) U1 RNA induced innate immunity signalling, with IL-6, IL-8 
secretion in splenocytes through TLR-3.195 The authors suggests a clue to understanding 
the high prevalence of autoimmunity to RNA binding proteins, through a stimulation of 
innate immunity by native RNA molecules with ds secondary structure.195 

 Anti-RNP autoantibodies are used as a diagnostic marker for patients with MCTD 
and are commonly detected in sera of myositis patients with MCTD and also other overlap 
syndromes such as SLE and SSc.196, 197 In a study with five myositis patient with anti-RNP 
autoantibodies, the outcome seemed favourable.198 
 Autoantibodies against U1 RNP have been demonstrated to up-regulate expression 
of the adhesion molecules ICAM-1 and E-selectin on human pulmonary artery endothelial 
cells.199 Anti-U1-RNP antibody from patients with connective tissue diseases (CTD) was 
later shown to directly bind to a variety of antigens on the endothelial surface of 
pulmonary arteries, including the components of U1-RNP.200 The authors suggested that 
anti-U1-RNP autoantibodies play a similar role as anti-endothelial cell antibodies (AECA), 
which were also reported to up-regulate expression of ICAM-1, E-selectin and VCAM-1 
after incubation of IgG AECA on human umbilical vein endothelial cells. There is also 
reports about anti-RNP autoantibodies penetrating human mononuclear cells through Fc 
receptors.201 

Anti-PM/Scl autoantibodies 
Anti-PM/Scl autoantibodies are directed against components of the exosome, to a 
complex located in the granular part of the nucleoli and in the nucleoplasm.202 Anti-PM/Scl 
autoantibodies identify a subset of patients with myositis who also have features of SSc. 
The main targets of anti-PM-Scl autoantibodies are proteins of 100 kD (PM-Scl-100) and 
of 75 kD (PM-Scl-75). Myositis patients with anti-PM-Scl autoantibodies are associated to 
HLA-DR3 haplotype,202 and in polish myositis patients these anti-PM-Scl autoantibodies 
are associated with the DQA1*0501 haplotype.48 

Other autoantibodies 
Ku autoantigen is a heterodimer of 70 kD and 80 kD proteins that is the DNA binding 
subunit of DNA-dependent protein kinase (DNA-PK).203 In polish myositis patients anti-
Ku autoantibodies are associated with the DQA1*0501 haplotype.48 In European and 
American myositis patients, HLA DRB1*11 and DQA1*06 alleles were identified as risk 
factors for myositis patients with anti-Ku autoantibodies.47 See Table 3 for further details. 
 Anti-Scl-70, also called anti-topoisomerase I autoantibodies, target DNA 
topoisomerase I which is found in the nucleoplasm and nucleolus and which catalyzes the 
cleavage and rebinding of single-stranded DNA during the relaxation phase of supercoiled 
DNA (as reviewed).204 
 Anti-centromere autoantibodies (ACA) are relevant for SSc diagnosis and are 
directed against centromere associated proteins (CENP) (as reviewed).204 
 Anti-histone autoantibodies have mainly been reported in SLE, particularly with 
high specificity in SLE patients with drug-induced lupus (as reviewed).171 
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AIMS OF THIS THESIS 

There are to date limited studies of autoantibodies and their role in disease mechanisms in 
myositis. Therefore, the overall goal of this thesis was to evaluate the role of specific and 
associated autoantibodies in myositis pathogenesis by combining in vivo and in vitro 
approaches. 
 
Specific aims were: 
 
Paper I: To investigate the involvement of type I interferon (IFN) in myositis patients 
both in vivo and in vitro and relate the outcome to presence of autoantibodies and to clinical 
manifestations of the patients. 
 
Paper II: To address the hypothesis of whether sera from patients with PM or DM could 
activate human lung endothelial cells in vitro and whether this feature was linked to 
presence of certain autoantibodies. 
 
Paper III. To study B cell activating factor (BAFF) in serum of myositis patients, by 
means of its potential role in autoantibody production, and to correlate the serum levels to 
autoantibody profile, clinical phenotype, disease activity and treatment of the patients. 
 
Paper IV: To achieve an improved understanding of the molecular effects of high dose 
IVIG treatment in vivo and investigate its potential role in inhibition of endothelial cell 
activation and to relate these effects to clinical responses. 
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PATIENTS & METHODS 

Patients and controls 

The patients included in papers I, II and IV were regular attendees at the Rheumatology 
Unit, Karolinska University Hospital at Solna. In paper III, the patients included were both 
from the Rheumatology Unit, Karolinska University Hospital at Solna (N=28) and from 
the National Registry for Rheumatic diseases, Institute of Rheumatology Prague, Czech 
Republic (N=72). All patients fulfilled the diagnostic criteria for PM and DM1, 2 or for 
sporadic IBM.3 Demographic data of the patients included in papers I-IV are presented in 
Table 4. 
 

Table 4. Demographic data on the patients included in papers I-IV 

Paper Patients 
N (F/M) 

Age (median, range) Myositis diagnosis Disease 
duration 
median (range) 

Specimen 

I 30 (19/11) 61 (26-79) 14 PM/9 DM/7 IBM 5.5 (0-23 years) Serum samples, 
muscle biopsies 

II 22 (17/5) 47 (20-69) 18 PM/4 DM 0 (0-6 years) Serum samples 

 

III 100 (69/31) 52 (10-79) 44 PM/ 50 DM/ 6 IBM 3 (0-14 years) Serum samples 

 

IV 13 (10/3) 

 

61 (17-73) 6 PM/4 DM/2 IBM, 1 
juvenile DM 

3 years (2 
months- 13 
years) 

Muscle biopsies 
before and after 
IVIG treatment 

DM = dermatomyositis; F = female; IBM = Inclusion body myositis; M= male; N = Number of patients; PM = 
polymyositis. 

 
 The patients in paper I were recruited to the study based on the presence or 
absence of anti-Jo-1, anti-Ro52 and anti-Ro60 autoantibodies from patient records. The 
most recent available sera were chosen for this investigation. Four of the patients were 
untreated; otherwise most of them had been treated with glucocorticosteroids and other 
immunosuppressive agents. Three of the patients had been treated with IVIG before 
serum sampling. Muscle biopsies were available from 25 of the patients. Biopsy specimen 
from five of the patients included in paper IV (patient No. 5, 7, 10, 12, 13 in Table 1) 
before IVIG treatment were also included in paper I (i.e. corresponding patient No. 13, 23, 
18, 30 and 28, respectively in Table 1). Sera from 16 healthy controls were used for the in 
vitro studies. Biopsies from 7 healthy individuals were included as controls. 
 The patients in paper II were recruited to the study based on the presence or 
absence of anti-Jo-1, anti-Ro52/anti-Ro60 and anti-RNP autoantibodies from patient 
records. The first available sera were chosen for this investigation, preferably before 
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immunosuppressive therapy was initiated. Three patients had been treated with 
corticosteroids before serum sampling. Sera from ten healthy individuals were included as 
control material. 
 The patients in paper III consisted of a mix from two cohorts, the Swedish and 
the Czech cohorts. In the Swedish cohort, patients were recruited to the study based on the 
presence or absence of anti-Jo-1, anti-Ro52 and anti-Ro60 autoantibodies from patient 
records. These patients (N=28) had been included in paper I: Two of the IVIG-treated 
patients had been excluded (patients No. 17 and 30 in paper I). In the Czech cohort, 
patients were recruited to the study based on the presence or absence of anti-Jo-1, anti-Mi-
2 and anti-PM-Scl autoantibodies. Most of the patients had been treated with 
corticosteroids and other immunosuppressive agents. 
 The patients in paper IV were refractory (treatment-resistant) patients in a chronic 
phase, but with sustained inflammation in the muscle tissue. Before being included in the 
study with IVIG treatment, all patients had been treated with high-dose 
glucocorticosteroids and other immunosuppressives, with no or limited improvement in 
muscle weakness and CK levels. 

Methodological considerations 

The methods used are described in each paper. However, I would like to emphasize that 
since all approaches bear limitations and advantages, sometimes the use of several methods 
will be necessary to confirm and complement results derived from a single technique. 

Clinical and laboratory data 

The drawback with collecting clinical or laboratory data retrospectively is that we do not 
always find what we are looking for at the same time-point as the serum sampling or 
biopsy specimen were collected. It is easier to plan for and collect necessary data with a 
prospective study. 
 In my papers (paper I-III) the patients were recruited based on the presence or 
absence of certain autoantibodies. This still did not take into account that other 
autoantibodies could be present in the sera. It was therefore critical that the sera within the 
same study were reanalyzed for autoantibodies of interest and other known autoantibodies. 

Muscle biopsy sampling 

The most important tool in the diagnostic procedure is a muscle biopsy in order to confirm 
an inflammatory myopathy, to exclude other myopathies and to identify subsets of 
myositis. In papers I and IV most muscle biopsies were obtained using semi-open 
technique which allows for repeated muscle biopsies.205 Diagnosis was made by an 
experienced neuropathologist. Stainings were performed on frozen tissue and not on 
paraffin embedded muscle samples, which enabled the possibility to find typical 
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histopathological features such as rimmed vacuoles in IBM and also to minimize the risk of 
alterations of antigen conformation which can occur by use of para-formaldehyde. Many of 
the histopathological features in myositis such as, the inflammatory infiltrates may be focal 
and can be missed in one biopsy sample, which can influence the results. By use of two 
biopsies taken at the same site on the same occasion, I could analyze intra-individual 
variations (paper IV), which enabled us to set a cut of for change of results. 

Detection procedures 

To determine the location of molecules (e.g. cytokines, other proteins, bacteria, viruses, 
and cells) in cells and tissues, immunohistochemistry (paper I and IV) and 
immunofluorescence (paper II) techniques were used. Both techniques are based on a 
principle described in Figure 1A. The same principles are applied to line blot assay (paper s 
I and III) (Figure 1B): (1) An unconjugated primary antibody (e.g. in the sera or 
commercial) first binds to the antigen of interest (e.g. in tissue or cells, or coated in 
commercial line blots or ELISA plates); (2) An enzyme-labelled (by e.g. biotin) secondary 
antibody directed against the primary antibody is then applied; (3) This is followed by the 
substrate-chromogen (e.g. 3,3’-diaminobenzidine) which forms a colored reaction product 
that is visible. By use of the avidin-biotin system, immunohistochemistry becomes very 
sensitive and allows detection of antigens expressed at low levels. Therefore with 
immunohistochemistry, before the substrate-chromogen is added, peroxidase-labeled 
avidin (or streptavidin) can be added onto the secondary antibody which will bind more 
specifically and enchance the detection. In cases of immunofluorescence (paper II) a 
fluorochrome (e.g. Oregon green)-conjugated avidin was added as the last step which 
would be visible by use of fluorescence microscopy. 

Immunohistochemistry & Immunofluorescence 

In my papers (paper I and IV) the use of immunohistochemistry was to allow for and 
investigate expression of molecules of interest at the protein level in muscle tissue. It gives 
information on the structural and intracellular localization of the molecule. The use of 
monoclonal antibodies is generally considered to be more specific than polyclonal 
antibodies that can recognize other epitopes than those desired. Formaldehyde fixation 
with use of saponin as detergent allowed permeabilization of the cells so that antibodies 
could penetrate the cells and bind to intracellularly located antigens. Acetone fixation was 
employed for staining of surface markers. In paper IV the standardization of the method is 
described in detail. 
 There are several advantages with use of immunohistochemistry compared to 
immunofluorescence: (1) use of ordinary light microscope is enough; (2) tissue structures 
can be seen; (3) the method is more sensitive; (4) and the staining is more stable (no fading) 
which can allow for storage of slides and re-analysis them if required. To rely on 
immunohistochemistry careful titrations of the antibody are required and use of positive 
and negative controls as well as specificity tests (e.g. neutralization of antibodies). 
 The advantages of immunofluorescence compared to immunohistochemistry are 
that: (1) it enables co-localization (double-triple staining) of cells and molecules which is 
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very appreciable; (2) it is simpler and quicker (not as many steps) and it reduces trouble 
with poor enzyme activity. However, the disadvantages are that: (1) it does not allow 
visualization of structures in tissue, which in many aspects is of interest; (2) the 
fluorescence fades away which does not permit storage and re-analysis; and (3) there are 
risks for auto-fluorescence. 

Antigen Coverslip/slide/line blot 
assay strip

Primary antibody
(from e.g. rabbit)

Enzyme labeled 
secondary antibody
(e.g. anti-rabbit)

Enzyme + 
substrate/chromogen 

color deposition

A B

 

Figure 1. A. Immunolabelling principle for detection of an antigen of interest when using different 
techniques such as immunohistochemistry, immunofluorescence, and line blot assay. Details are 
described in detection procedures. B. Illustration of results with the line blot assay. The black lines 
represent the positive reaction for the respective antigens, while a low background color reflects no 
detection of a specific autoantibody. 

Assays to detect autoantibodies 

Many autoantibodies to intracellular autoantigens are important for the evaluation of 
patients with systemic autoimmune diseases. This is because of their inclusion in diagnostic 
or classification criteria, their association to disease activity and their correlation to certain 
clinical manifestations. Assays for autoantibody determination should therefore be reliable, 
reproducible, easy to perform and available in everyday clinical practice.206 
 Qualitative line blot assays (see principles in Figure 1A) were used for detection of 
autoantibodies to several different antigens associated with autoimmune diseases (all 
described in the papers). Natural proteins, recombinant antigens or synthetic peptides were 
coated as lines on a nylon membrane (see Figure 1B) called a strip. The strip is coated with 
multi-antigens which allows for the simultaneous detection of a range of autoantibodies 
against nuclear and cytoplasmic antigens in human serum/plasma. 
 Some of the autoantibodies could be detected in several of these line blot assays, 
which helped us to confirm and complement the results derived from a single line blot 
assay (in which discrepancies occurred). The positive results were also confirmed (paper 
III) by positive staining with corresponding fluorescence patterns on Hep2 cells by indirect 
immunofluorescence staining of ANA, which also stains for cytoplasmic autoantibodies. 
Hep2 cells originate from a laryngeal carcinoma which gives the advantages of being able 
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to find autoantibodies reacting to antigens found in the mitotic spindle apparatus during 
cell division. 

Enzyme-linked immunosorbent assay (ELISA) 

ELISA is commonly used for detection of proteins in fluid. In papers II and III we used 
ELISA for detection of adhesion molecules or cytokines. The assay employs the 
quantitative sandwich enzyme immunoassay technique, which is followed by the same 
principles described above (Figure 1A). The difference is that instead of an antigen, the 
ELISA plates are precoated with monoclonal antibodies specific for the protein of interest, 
which represents the primary antibody instead. The drawback with use of ELISA is the 
dependence on a standard curve, while conversely it is a method which is very quick and 
produces quantitative data. 

Evaluation of stainings 

Conventional microscopic measurement is mainly for descriptive purposes and was also 
performed for manual evaluation of the stainings by scoring, resulting in semi-quantitative 
data. Computerized image analysis was used for quantification of the stainings. In papers I 
and IV both methods are described more extensively. 

In vitro model of IFNα production 

An in vitro model of IFN-α production induced by immune complexes is illustrated below 
(Figure 2). A combination of supernatant from freeze-thawed necrotic cells (U937 cells) 
and sera or IgG from myositis patients induced IFN-α production in peripheral blood 
mononuclear cells (PBMCs) from healthy blood donors. The concept is that the necrotic 
cells will release RNA/DNA or proteins which will bind to autoantibodies from the sera or 
purified IgG and form immune complexes. These immune complexes will bind to the 
PBMC (suggestively the PDCs as explained in Results and discussion for paper I) which will 
produce IFN α. 
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Figure 2. In vitro model of IFN-α production in peripheral blood mononuclear cells (PBMCs) 
induced by immune complexes formed by nucleic acids from necrotic s and autoantibodies from 
sera or directly with immunoglobulin (Ig)G purified from patient sera. 
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RESULTS & DISCUSSION 

Paper I 

Rationale for the study 

Type I IFNs (refers to IFNα/β only) induce antigen presenting cell maturation which is 
characterized by upregulation of MHC class I expression. As mentioned earlier in the 
Introduction, MHC class I is highly upregulated in muscle fibers in patients with myositis,84, 88, 

104, 120 but the cause of this altered expression is unknown. 
 Type I IFN is a potential responsible candidate207, 208 as muscle biopsy specimens 
from both adult and juvenile DM display up-regulation of type I IFN–induced genes.209 
This is also supported by the presence of IFNα/β210 or the IFNα/β-inducible human MX-
1 protein, and the presence of PDCs, the major type I IFN producers in muscle tissues of 
DM patients.77 That IFNα could have a role in PM is suggested by the induction of PM 
and DM in patients (with hepatic C virus) treated with IFNα.211-213 
 The cause of type I IFN production in myositis is unknown. Viral infection is one 
important inducer of type I IFN production (as reviewed).214 However, another possible 
inducing mechanisms of type I IFN production has been observed in autoimmnune 
disease such as SLE and SS. Dysregulated IFNα production is proposed to be of central 
importance in pathogenesis of SLE (as reviewed),215, 216 a systemic autoimmune disease 
sharing many features with particularly DM. Thus type I IFNs become a very interesting 
issue to address in myositis. 
 In patients with SLE and SS an endogenous IFNα production was reported by the 
IFNα-inducing capacity of immune complexes containing antibodies such as anti-Ro, anti-
La and anti-RNP, directed against nucleic acids, DNA or RNA, and associated proteins in 
an in vitro system (described in Methods section).217, 218 Hence we postulated that sera from 
myositis patients with such autoantibodies would have an IFNα-inducing capacity. 
Furthermore, we aimed to investigate whether these patients had IFNα production in 
muscle tissue in vivo, and, if so, if this was related to class I MHC expression in muscle 
fibers. Finally, another objective was to investigate whether the IFNα-inducing capacity 
correlated with clinical manifestations. 
 

What are Type I IFNs? 

Type I IFNs are proteins induced in virally infected cells which interfere with the viral 
replication and thus block the spread of viruses to uninfected cells (as reviewed).219 Some 
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bacteria, and protozoa can also induce type I IFNs (as reviewed).216 Activation of pattern-
recognition receptors (PRRs) on antigen presenting cells (APCs) and other cells through 
binding to pathogen-associated molecular patterns (PAMPs) triggers innate immune 
defence. One family of PRRs is the membrane bound toll-like receptor (TLR) family that 
comprises of 10 members in humans. TLRs are molecules that trigger signals resulting in 
pro-inflammatory gene expression, leukocyte chemotaxis, phagocytosis, cytotoxicity and 
activation of the adaptive immune responses (as reviewed).220 
 TLR 3, TLR4, TLR7, TLR8 and TLR9 are involved in the induction of type I IFNs 
through recognition of different PAMPs and triggering of type I IFNs in different cells. 
TLR 7, TLR8 and TLR9 are expressed in the endosome of the cell. Also TLR independent 
anti-viral innate signalling pathways can occur (as reviewed).221, 222 These PAMPs are 
double-stranded (ds) viral RNA and unmethylated, CpG-rich bacterial/viral DNA which 
are not present in mammalians. Even endogenous immune complexes containing RNA as 
described in SLE cases223 can trigger type I IFN production. In a recent study, PDCs were 
triggered to produce IFNα upon stimulation by self-DNA coupled to an antimicrobial 
peptide, which is suggested to break innate tolerance to self-DNA.224 

Type I IFNs producers 
Non-immune cells such as epithelial cells and fibroblasts infected with viruses or stimulated 
with dsRNA mainly produce IFNβ through involvement of TLR3 (as reviewed).219 
Monocytes/macrophages produce low amounts (larger amount in circulation due to higher 
frequency) of type I IFN in response to different RNA viruses, LPS and dsRNA via TLR4, 
TLR7, and TLR8 (as reviewed).220 Myeloid dendritic cells mainly produce IFN β 
particularly in response to certain viruses and dsRNA via TLR3, TLR7 and TLR8. Myeloid 
dendritic cells are distinguished from PDCs (described below) by their expression of the 
CD11c antigen (as reviewed).225 

Plasmacytoid dendritic cells (PDCs) 
PDCs are major type I IFN producers (as reviewed)216 (Figure 3). In the circulation, they 
constitute 0.1 to 1% of the PBMCs and one PDC can produce 10 times the amount 
produced by one monocyte. They express TLR7 (recognizes ss[single stranded] RNA), 
TLR8 (recognizes ssRNA) and TLR9 (recognizes CpG DNA) that are intracellular 
endosomal receptors which allow PDCs to respond to bacteria, protozoa, CpG DNA, viral 
ssRNA, viral dsRNA, endogenous DNA and RNA by triggering signal transduction 
through the adaptor protein MyD88. MyD88 in turn interacts with other signalling 
mediators leading to activation of IRF-7, which leads to IFNα transcription and 
simultaneous activation of IRF-5, NF-κB which promote production of cytokines (IL-6, 
TNFα), chemokines, costimulatory molecules and maturation of PDCs (as reviewed).221 
 PDCs express different cell surface antigens including MHC class II, CD4, CD40, 
CD83, and CD123 (IL-3 receptor) (as reviewed).216 In addition, the PDCs express C-type 
lectins such as blood-dendritic cell antigen (BDCA-2). They also express TLR1, TLR6, 
TLR7, TLR9, TLR10, as well as FcγRIIa. PDCs do not express CD80 and CD86 which are 
known to be expressed by mature antigen-presenting cells. A recent report emphasizes the 
role of PDCs in cross-presentation of antigen to CD8+ T cells via MHC class I.226 
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Figure 3. A schematic view of type I interferon (IFN) production in plasmacytoid dendritic cells 
(PDCs). PDCs are induced by endogenous immune complexes formed by autoantibodies and 
nucleic acids (RNA/DNA) and proteins (e.g. autoantigens) derived from dying cells via FcγRIIa, or 
by DNA/RNA from viruses or other infectious agents through endocytosis. Endosomal Toll-like 
receptor (TLR)7, TLR8 or TLR9 become activated and signal downstreams, e.g. through IFN 
regulatory factors (IRFs), to activate transcription factors needed to achieve expression from type I 
IFN genes. The produced type I IFN up-regulates its own production by triggering the IFNα/β-
receptor (IFNAR). 

Effects of type I IFN 
Type I IFNs interfere with virus replication, both directly by acting on virus-infected cells 
and neighboring cells and indirectly by modulating the immune response. The 
immunomodulating effects are both immunostimulatory by promoting the survival and 
differentiation of different leukocytes, and immunosuppressive by having pro-apoptotic 
and anti-proliferative effects. 
 The immunostimulatory effects of type I IFNs are to (as reviewed):216 (1) promote 
its own expression by for instance up-regulation of IRFs; (2) amplify dendritic cell 
maturation227 and activation of naïve T cells, which is characterized by an upregulation of 
the expression of MHC class I and class II as well as co-stimulatory molecules such as 
CD40, CD80 and CD86; (3) act as a survival factor for its main producer, the PDC; (4) up-
regulate IL-6, IL-15 important cytokines in innate defence; (5) promote the Th1 phenotype 
by upregulation of IFNγ in T cells and NK cells, which stimulates NK cells to kill virus-
infected cells;228 (6) trigger chemokine production, implying involvement in recruitment of 
Th1 cells and PDCs into lymph nodes and sites of inflammation promoting Th1 immune 
responses; (7) facilitate the induction of adaptive immune responses by promoting the 
survival and differentiation of B cells and plasma blast differentiation into plasma cells, Ig 
class switch and antibody production.229 This is partly achieved by inducing the production 
of BAFF and the proliferation-inducing ligand (APRIL) from DCs and monocytes.230 
 The immunosuppressive effects of type I IFNs are to: (1) induce the synthesis of 
several host cell proteins, one of them called myxovirus protein A (MX-1), that contributes 
to the inhibition of viral infection;207, 231 (2) Apoptosis and inhibition of proliferation.232 
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A possible mechanism for endogenous activation of the type I IFN 
system in myositis patients with anti-Jo-1 or anti-Ro52/Ro60 
autoantibodies and in DM patients irrespective of autoantibodies 

IFNα-inducing ability of sera. 

Myositis patient sera positive for anti-Jo-1 or anti-Ro52/Ro60 autoantibodies significantly 
induced IFNα production in PBMCs when combined with necrotic cell material in vitro, 
compared to sera from patients with no autoantibodies or healthy individuals (Figure 1A in 
paper I). Twenty-eight of the patients in this study were also included in paper III and thus 
also analyzed for other autoantibodies (see methods in paper III). Five of the patients 
considered as being autoantibody negative in paper I were actually positive for either anti-
Mi-2 or anti-PM-Scl or anti-Ku. Two of the anti-Jo-1 patients were also positive for anti-
Ku or anti-RNP-70 autoantibodies. These new results still support the fact that sera with 
presence of anti-Jo-1 or anti-Ro52/Ro60 autoantibodies induced IFNα production in 
PBMCs when combined with necrotic cell material, but not sera with other autoantibodies 
such as anti-Mi-2 or anti-PM-Scl or anti-Ku. 
 This concords with the induced IFNα production by sera from SLE or pSS 
patients with autoantibodies to RNA binding proteins and necrotic material, e.g. anti-SSA 
(Ro52/Ro60), anti-SSB, anti-RNP or anti-Sm autoantibodies.218, 233 Also IgG prepared from 
anti-Jo-1 positive PM sera induced IFNα with necrotic material, but not IgG prepared 
from anti-Jo-1 positive PM sera also induced IFNα with necrotic material, but not when 
the latter was treated with RNAse. This was again the outcome when IgG was prepared 
from anti-SSA, anti-SSB autoantibodies in SLE or pSS patients.218, 233 This indicates that the 
induced IFNα production requires induction of the PBMCs by an immune complex 
formed by IgG molecules from patient sera and RNA nucleotides (and proteins) from the 
necrotic material. Anti-Jo-1 autoantibodies are directed against a tRNA synthetase and are 
demonstrated to bind to RNA,181 thus they are strong candidates for involvement in IFNα 
production. 

Presence of PDCs and IFNα/β inducible MX-1 protein in muscle tissue 

In concordance with other studies, we observed significantly increased expression of the 
IFNα/β inducible protein MX-1 in muscle tissue in DM patients compared to healthy 
controls, predominantly localized to endothelial cells of capillaries.77 Greenberg et al.77 also 
observed MX-1 staining in muscle fibers, which in our staining protocol was blocked when 
using formaldehyde fixation and irrelevant IgG2a as negative control. We observed MX-1 
staining in capillaries in DM patients irrespective of presence of autoantibodies, and 
without a simultaneously increased expression of BDCA-2 positive PDCs, in contrast to 
previous findings with increased BDCA-2 expressing cells in DM patients.77 The reasons 
for this discrepancy could be differences in selection of patients or that our patients lacked 
anti-RNP or anti-DNA autoantibodies in contrast to the DM patients studied by 
Greenberg et al.77 The latter autoantibodies can both have an IFN-inducing capacity.218, 233 
 Instead, we generated new data demonstrating significantly increased expression of 
BDCA-2 in muscle tissue in PM patients with anti-Jo-1 autoantibodies compared to in 
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healthy controls (Figure 4), and that the MX-1 expression in these patients was localized to 
both mononuclear inflammatory cells and capillaries. One of the autoantibody negative (-) 
patients in Figure 4 (0.52% BDCA-2 positive area) turned out to be anti-Ku autoantibody 
positive, from the analysis in paper III. 
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Figure 4. Significantly increased expression of total BDCA-2 in muscle tissue in PM patients with 
anti-Jo-1 autoantibodies compared to healthy controls. 

Relationship between in vitro and in vivo data 

When relating the in vitro data with the in vivo results, we found that the IFNα inducing 
capacity of sera was associated with high total expression of the MX-1 protein and with 
MHC class I expression on muscle fibers. More interestingly, the IFNα inducing capacity 
correlated with ILD, one of the major extra-muscular features of anti-Jo-1 autoantibody 
positive patients,31, 35 suggesting that IFNα production could have a role in development of 
ILD in these patients. Another explanation could be that IFNα induction and ILD 
independently correlate with the presence of anti-Jo-1 antibodies. It is noteworthy that 
pulmonary manifestations in patients with pSS with anti-SSA autoantibodies were also 
associated with the IFNα inducing capacity of their sera in combination with apoptotic cell 
material.217 
 MX-1 expression in the capillaries was correlated with DM, irrespective of 
autoantibodies. DM is clinically characterized by skin rash manifestations. As both PDCs 
and MX-1 were recently also reported to be over-expressed in skin lesions of DM 
patients,77 as previously observed e.g. in the skin of SLE patients and in salivary glands of 
pSS patients,217 , 234-236 this implicates the skin as the cellular source of IFNα production in 
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DM patients. A similar pattern of MX-1 expression in capillaries was also evident in the 
skin of psoriasis patients without autoantibodies, indicating another type I IFN inducing 
mechanism.224, 237 One such proposed mechanism is viral or bacterial infections, or UV-
light. These observations together indicate different mechanisms for IFNα induction in 
different subsets of myositis. 
 In conclusion, immune complexes containing anti-Jo-1 or anti-Ro52/Ro60 
autoantibodies and RNA may act as endogenous IFNα inducers that activate IFNα 
production in PDCs. MX-1 expression in capillaries suggests another cellular IFNα source 
and induction mechanisms in DM patients. The type I IFN system may play an important 
role in the pathogenesis not only in DM, as previously suggested, but also in PM patients 
with these autoantibodies. 

Paper II 

Rationale for the study 

As previously mentioned, it is not known why endothelial cells in myositis patients become 
activated, but this activation seems to be an early diagnostic marker. In a normal response 
to infection or tissue injury, endothelial cells become activated and express molecules that 
promote innate defence responses. However, other systemic or local factor(s) such as 
cytokines, complement or antibodies can likely act on endothelium directly or indirectly to 
up-regulate the expression of adhesion molecules. 
 We hypothesised that some systemic factor(s), such as e.g. autoantibodies, in sera 
from patients with PM or DM could activate endothelial cells to express activation markers 
such as ICAM-1, E-selectin and IL-8. Such a scenario is interesting since activation of EC 
with expression of ICAM-1 as well as other markers such as IL-1α is an early feature of 
myositis, occurring even before other histological signs of inflammation (described in 
Immunological features section). As described earlier, lung involvement is common in PM and 
DM and is strongly connected to presence of anti-Jo-1 autoantibodies. Thus in order to 
test our hypothesis we stimulated cultured human lung endothelial cells in vitro with patient 
sera and stained the cells for expression of ICAM-1, E-selectin and IL-8. 

Why ICAM-1, E-selectin and IL-8? 

ICAM-1, E-selectin and IL-8 are all molecules of importance for cell adherence and 
migration to the local inflammatory site through the endothelial cells: (1) E-selectin 
supports adhesion of neutrophils, monocytes, eosinophils and some lymphocytes by 
binding to sialyl Lewis X (sLex); (2) IL-8 supports the adhesion of neutrophils only through 
IL-8 receptor; (3) ICAM-1 supports adhesion to granulocytes, monocytes and lymphocytes 
by binding to LFA-1 (i.e. CD11a/CD18). 
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PM patients with ILD and anti-Jo-1 positive sera induce ICAM-1 
expression in human lung endothelial cells 

When patients were sub-classified according to autoantibody profiles, anti-Jo-1 positive 
sera induced significantly more ICAM-1 positive EC than did sera from healthy controls 
and patients with other autoantibody specificities (Figure 1A in paper II). We could not 
observe the same finding for E-selectin and IL-8. Interestingly, these patients were all PM 
and had ILD. Unfortunatelly, since only four DM patients were included in the study we 
could not make any statistical discrimination between PM and DM. We could also confirm 
increased serum levels of sICAM-1 in myositis patients compared to controls,238 while sE-
selectin serum levels did not differ between patients and controls. ICAM-1 has particularly 
been shown to be over-expressed in EC in muscle tissue in vivo,81, 83, 84, 113 while expression 
of IL-8 and E-selectin in ECs is not clear or controversial.71, 81, 83, 239 Of note, the influx of 
macrophages, lymphocytes and dendritic cells is the major finding in muscle tissue of 
myositis patients, thus relating to a higher importance for the expression of ICAM-1 in this 
respect. 
 Anti-Jo-1 autoantibodies themselves or serum factors associated with the presence 
of these autoantibodies could bind to EC and cause an activation which is similar to that 
evident in vivo. However, we were not able to determine which serum factor(s) induced the 
endothelial expression of ICAM-1. LPS, TNFα and IL-1α are all capable of inducing 
ICAM-1 expression on EC (as reviewed),114 but we found no difference in EC activation 
between those who were treated with immunosuppressive treatment and those who were 
not, which argues against a role for general inflammation-associated molecules, as does the 
fact that there was no relationship between erythrocyte sedimentation rate (ESR) or TNFα 
levels and capacity of induced EC activation. 
 In DM patients complement-mediated microvessel damage has been suggested 
(described in Immunological features section), an explanation less likely in our experiments as 
we used complement-inactivated sera. We investigated C1q binding immune complex 
levels in myositis patients, and we could demonstrate that the levels were not higher in PM 
and DM patients compared to controls. Moreover, the anti-Jo-1 positive patients had 
normal levels of C1q-binding IC, while elevated levels were associated with presence of 
anti-SSA/anti-SSB autoantibodies, an observation corroborated by other studies.240 This 
indicates that soluble antigen-antibody immune complexes are not activating the classical 
pathway of the complement in myositis patients, and thus are most probably not 
contributing to the MAC deposits in the capillaries. 
 An interesting mechanism for cell activation, associated with presence of anti-Jo-1 
and anti-SSA antibodies was suggested from the observation (i.e. paper I) that sera from 
myositis patients with these particular antibodies have a distinct type 1 IFN-inducing 
capacity.241 This capacity is similar to that in cutaneous lupus erythematosus (CLE), where 
increased expression of type I IFN correlated with increased expression of ICAM-1 and E-
selectin in cutaneous lesions,242 indicating a role of IFNα in the expression of these 
adhesion molecules. Increased expression of type I IFN-related PDCs and inducible MX-1 
protein, as well as adhesion molecules243 have also been demonstrated in skin biopsies of 
DM patients.244 Thus one possible mechanism underlying EC activation in myositis might 
be via IFNα induction. However, we did not have the possibility to investigate this in our 
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study. EC response via TLRs (described in Results and discussion for paper I) could also be an 
area of interest as such reports are available.245, 246 
 There are also reports showing that ICAM-1 ligation by crosslinking to either anti-
ICAM-1 antibodies or TNFα pretreated pulmonary endothelial cells induced de novo 
synthesis of ICAM-1 and increase of signaling pathways as well as cytoskeletal 
rearrangements of the ECs.247-249 I find that these are very interesting reports, making me 
reflect upon the fact that the ECs I stimulated with myositis patient sera did change in size 
(see Figure 1 in paper II), which was mostly prominent in ECs stimulated by anti-Jo-1 
containing sera (data not shown). 

Clinical relevance 

From a clinical standpoint it is of interest that presence of anti-Jo-1 autoantibodies is 
associated with activation of pulmonary EC, as presence of anti-Jo-1 autoantibodies is 
associated with ILD. Similar induction of ICAM-1 and E-selectin was reported after 
stimulation of human umbilical EC with sera, IgG or monoclonal anti-endothelial cell 
antibody (AECA) derived from patients with SLE, or Wegener’s granulomatosis.250-252 
Interestingly, AECA have additionally been reported to be associated with ILD in myositis 
patients.253 Furthermore, it has been demonstrated that anti-RNP antibodies from patients 
with connective tissue disease have anti-EC activity, as these can directly bind to a variety 
of antigens on EC surfaces in pulmonary arteries.199, 200 Whether this could be true for anti-
Jo-1 autoantibodies as well has not been explored. A capacity of sera to induce EC 
activation may thus not be unique for anti-Jo-1 autoantibody positive myositis. 
 Taken together, the association between autoantibody profiles in sera from patients 
with myositis, ILD and other systemic rheumatic disorders, and in vitro activation of EC 
from lung tissue by autoantibody-containing sera suggests a new way forward to investigate 
and understand part of the pathogenesis of ILD in conjunction with myositis and possibly 
of other systemic rheumatic diseases. 

Paper III 

Rationale for the study 

BAFF is a cytokine suggested to play a role in autoantibody production in other 
autoimmune diseases (described below). In addition, it can be induced by IFNα,230 which 
was confirmed to be involved in the pathogenesis of myositis patients and specifically 
related to patients with anti-Jo-1 or anti-Ro52/Ro60 autoantibodies in paper I. These data 
led us to test the hypothesis that BAFF could also be associated with myositis patients 
with autoantibodies. We therefore measured serum levels of BAFF in myositis patients 
and correlated these to the autoantibody profile and clinical manifestations. 
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What is BAFF? 

BAFF, also known as B lymphocyte stimulator (BLyS), belongs to the TNF ligand 
superfamily. BAFF is best known for its role in the survival254 and maturation of B cells 
and is believed to play a role in autoantibody production, but it also plays a role in T cell 
activation and differentiation (as reviewed).255 
 BAFF is produced by several types of cells including monocytes, macrophages, 
neutrophils, DCs and at lower levels by T cells. Several cytokines such IFNα,230 IFNγ, IL-
10, CD40 ligand (L) as well as LPS and peptidoglycans can activate BAFF production by 
macrophages, neutrophils and DCs (as reviewed).255 BAFF acts through three known 
receptors: B cell maturation antigen (BCMA), transmembrane activator and calcium 
modulator and cylophilin ligand interactor (TACI) and BAFF-receptor. All are expressed 
primarily on B cells at differing levels depending on their maturation and/or activation 
state. BAFF-R is also expressed on activated T cells and regulatory T cells (as reviewed).255 
 Transgenic mice that over-express BAFF display a massive B cell proliferation in 
lymph nodes and spleen, increased levels of autoantibody production and associated 
autoimmune manifestations, primarily with SLE like phenotype with Ig deposits in kidneys 
and glomerulonephritis (as reviewed).255 
 Elevated serum levels of BAFF have been demonstrated in patients with 
autoimmune diseases such as SLE, RA and SS.256-258 These elevated BAFF levels correlated 
in some cases with disease specific autoantibodies, such as anti-dsDNA, rheumatoid factor 
(RF) and anti-Ro/La, respectively. Furthermore, elevated BAFF levels in SSc were 
associated with disease activity.259 
 These studies together with the therapeutic benefit gained by neutralization of 
BAFF by a monoclonal antibody (LymphoStat-B) in phase II clinical trials involving SLE 
and RA patients (as reviewed),260 indicate a pathogenic role of excess BAFF in autoimmune 
diseases, particularly those with involvement of B cells. One mechanism could be that up-
regulation of BAFF expression in vivo can result in the rescue of self-reactive B cells from 
anergy.254 

PM patients with anti-Jo-1 autoantibodies and ILD, and DM patients 
irrespective of autoantibodies have increased serum levels of BAFF 

BAFF and autoantibodies 

When we grouped patients according to autoantibody profiles, patients with anti-Jo-1 
autoantibodies had significantly higher serum levels of BAFF than control individuals or 
patients without any specific autoantibodies (Figure 3A in paper III). This was not evident 
in patients with anti-Mi-2, anti-PM-Scl, anti-Ro52/Ro60, anti-Ku72/86 or anti-Scl-70 
autoantibodies (Figure 3A in paper III). This supports a role for B cells and BAFF in 
pathogenesis in this subgroup of patients. 

 Similarly, higher BAFF levels have been described in patients with pSS who had 
anti-Ro52 autoantibodies when compared with pSS patients lacking such autoantibodies.261, 

262 In our patients there was not any additional effect of concurrent presence of anti-Ro52 
autoantibodies. Our results resemble the correlation of serum levels of BAFF with 
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presence of anti-dsDNA autoantibodies in SLE patients, with rheumatoid factor in RA 
patients and with anti-histone autoantibodies in SSc patients.256, 259, 261, 263 Thus the 
correlation of BAFF levels with autoantibodies appears to be a general phenomenon in 
rheumatic diseases, while the specific autoantibodies and pathogenic mechanisms are, more 
likely, disease-specific. 
 One explanation for the correlation of BAFF and disease-specific autoantibodies 
was suggested by Becker-Merok et al.264 to be that BAFF reduces the apoptotic propensity 
of B cells and variable BAFF levels could lead to uneven delays in apoptosis, resulting in 
uneven exposure to extractable autoantigens and induction of antibody responses. 
However, synergy between genetic susceptibility and environmental factors as initiators of 
the pathogenic mechanisms, are probable actors influencing the BAFF association to 
different autoantibodies in different diseases. 

BAFF and ILD 

Patients with ILD had significantly higher levels of BAFF than patients without ILD or 
controls (Figure 3B in paper III). This difference could be explained by anti-Jo-1 
autoantibodies, as patients with ILD but without anti-Jo-1 autoantibodies did not have 
higher BAFF levels when compared with patients without ILD or controls. 

BAFF and clinical and laboratory variables 

Levels of BAFF correlated positively with disease activity and serum CK levels and 
negatively with glucocorticoid treatment. In concordance with SLE patients the decreased 
serum levels of BAFF evident after treatment with glucocorticoids suggests that BAFF 
production is sensitive to this treatment. Similar to what has been reported in patients with 
SSc and other immune-based rheumatic diseases, IgG levels correlated with serum BAFF 
levels.259, 263 Thus the effect of increased BAFF levels is likely to specifically affect 
autoantibody production in patients with autoantibodies. 

BAFF and hierarchy and interactions 

When the patients were sub-grouped according to clinical phenotypes, we determined that 
patients with DM had significantly higher BAFF levels compared to PM or controls 
(Figure 3C, Table 2 in paper III). However, in our multi-regression analysis BAFF levels 
varied considerably to autoantibody profile and presence of ILD, whereas traditional 
clinical subtypes such as PM and DM were less discriminatory. PM patients with anti-Jo-1 
autoantibody and ILD displayed increased serum levels of BAFF when compared with 
patients without these findings. This indicates a BAFF B cell-driven association with anti-
Jo-1 autoantibody production and lung disease in this subset of PM patients. This agress 
with recent reports in which Ig transcripts and plasma cells were described in muscle tissue 
from PM and IBM patients.74, 94 The fact that DM patients had high basal levels of BAFF 
irrespective of presence of anti Jo-1 and ILD suggests additional BAFF mechanisms 
independent from production of the known autoantibodies in this subset of patients. 
Similar speculations have been reported by Becker-Merok et al. concerning SLE, i.e. that 
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BAFF stimulation of B cells may contribute to SLE by other mechanisms than 
autoantibody production.264 
 Interestingly this finding concords with the presence of type I IFN in muscle tissue 
of PM patients with anti-Jo-1 autoantibody and ILD, as well as in DM patients irrespective 
of presence of anti-Jo-1 and ILD (paper I). IFNα can induce BAFF expression, which e.g. 
has been demonstrated locally in salivary gland epithelial cells of primary SS patients.265 The 
major producer of type I IFN, the PDC and the type I IFN inducible MX-1 protein have 
also been demonstrated in skin biopsies of DM patients244 and in muscle biopsies of PM 
and DM patients.76, 77, 241 Thus local induction of the endogenous type I IFN system in 
muscle and skin could be a possible explanation for elevated serum BAFF levels in the 
subset of PM patients with anti-Jo-1 autoantibodies and ILD and in DM. 
 Another mechanism for BAFF is its role in T cell activation and differentiation.228 
Interestingly, patients with DM but without autoantibodies to Jo-1 or Ro52 seem to have 
higher levels of CD4+CD28null T cells in the blood (our preliminary data). Accumulation of 
CD4+ T cells is a histopathological hallmark of DM and terminally differentiated CD28null 
T effector cells with cytotoxic effects have been demonstrated in muscle tissue of myositis 
patients.85 Once in an effector/memory stage, these cells can only be activated in vitro by 
binding of TCR without co-stimulation. Apparently these cells can be activated by IFNα 
and become terminally differentiated.228 As BAFF expression is induced by IFNα as well 
(as reviewed),255 it is tempting to speculate over these preliminary findings to suggest a role 
for BAFF in activation and differentiation of CD4+CD28null T cells in DM patients without 
these autoantibodies. However, further studies are required to understand the importance 
of these preliminary findings. 
 A study undertaken to find out differences in B cell activation by selecting cells 
with RP105, a marker which is apparently lost in activated human B cells, found that this 
marker was increased in PBMCs in DM patients compared to in PM patients.266 The same 
was true for BAL fluid from a DM patient, which would suggest that B cell activation in 
PM patients appears to occur locally in muscle tissue. Moreover, the DM cases were rarely 
positive for ANA or anti-Jo-1 autoantibodies, resembling our DM cases without 
autoantibodies but with increased BAFF serum levels. Speculations for the role of activated 
B cells not related to autoantibodies in DM could be that they function as APCs, 
producing cytokines or activating T cells as suggested above. 
 In conclusion, our and previous studies emphasize the importance of careful 
phenotyping according to clinical features and autoantibody profiles and suggest that 
different disease mechanisms are involved in different subsets of myositis. Our data point 
to both BAFF and B cells as potential targets for therapy in anti-Jo-1 positive PM patients 
with ILD and in DM patients regardless of autoantibodies. 

Paper IV 

Rationale for the study 

The multi-organ symptoms in some cases of myositis could possibly be explained by 
involvement of microvessels in different organs. Although involvement of the endothelial 
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cells of the capillaries in muscle tissue in myositis is supported by evidence mentioned 
earlier, the mechanisms underlying the endothelial cell activation are not clear. Although 
involvement of the endothelial cells of the capillaries in muscle tissue in myositis is 
supported by the evidence presented earlier, the mechanisms underlying endothelial cell 
activation are not clear. In a placebo- controlled study with improved muscle function, a 
reduced ICAM-1 expression and MAC deposits in muscle tissue in DM patients was 
reported after high-dose IVIG treatment.115 Furthermore, an association was determined 
between improvement of clinical symptoms and reversal of endothelial cell activation in 
skin biopsies and reduction of IL-1 in in vitro experiments in Kawasaki’s disease following 
IVIG treatment.267 
 Although the clinical effects of IVIG treatment have been demonstrated in several 
disorders (as reviewed),268-271 the underlying mechanisms of action in vivo in myositis are not 
known. The two cited studies indicate that high-dose IVIG could diminish endothelial cell 
activation. Other proposed mechanisms for IVIG effects in autoimmunity are mentioned 
below. Thus to better understand endothelial cell activation in myositis patients we 
performed an open-labelled study employing high-dose IVIG treatment. Besides DM 
cases, we also included PM and IBM patients and studied the molecular effects of high-
dose IVIG by follow-up of repeat muscle biopsies. We also wanted to relate the molecular 
effects to clinical variables. 

What is IVIG? 

IVIG is a preparation of pooled normal IgG’s (natural antibodies) with a large variety of 
variable regions (Figure 5) (as reviewed).272 These normal IgG’s are obtained from plasma 
of 3000 to 10.000 donors. Initially IVIG was used as a replacement treatment for patients 
with primary and secondary immune deficiencies, but is now widely used for treatment of 
autoimmune diseases as well. 
 Some proposed mechanisms for IVIG effects in autoimmunity are (as reviewed):272 
(1) binding of the Fc receptors to the inhibitory or activating Fcγ receptors on phagocytic 
cells and effector cells; (2) modulation of cytokine production by various cell types e.g. 
down-regulation of IL-1α and up-regulation of anti-inflammatory cytokines such as IL-1 
receptor A in patients with Kawasaki’s disease,267 inhibition of endothelial cell activation by 
decrease of cell adhesion molecules, or reduction of transforming growth factor β1 in DM 
patients;272, 273 (3) neutralization of pathogenic autoantibodies through anti-idiotypic 
antibodies which regulate autoreactive B cell clones of importance in mechanisms of 
antiphospholipid syndrome; (4) down-regulating the IFNα mediated differentiation of 
DCs which might exert an immunomodulatory effect in SLE patients at the onset of 
autoimmunity;274 (5) antibodies interacting with cytokine, chemokine or T cell receptors 
(e.g. CD4, CD40) of importance in balancing autoreactivity and tolerance; (6) attenuation 
of complement-mediated damage by binding to the activated C3b fraction of C3, which 
would prevent the formation of the C5b-9 (MAC), as noted in DM patients.116 
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Figure 5. The structure of immunoglobulin (Ig)G. The site of interactions between IgG and the 
Fcγ receptor or the complement components C1q and activated C3b and C4b. CH = Constant 
chain; CL = constant light domain; Fc = Fragment crystallizable; Fab = Fragment antigen binding, 
VH = Variable heavy domain, VL = Variable light domain, FcγR = Fcγ receptors. 

Limited effects of high-dose IVIG treatment on molecular expression 
in muscle tissue of myositis patients 

The effects of IVIG treatment at the individual level, on clinical and laboratory data and 
molecular expression in the muscle tissue, before and after the first and third IVIG 
infusion are presented in Table 5. The data on group level are presented in paper IV. 

IVIG effects on clinical and laboratory data 

At the group level, and similar to the placebo-controlled study as well as to many open 
labeled studies,140, 142, 143, 275 the patients significantly improved their muscle function after 
three months IVIG treatment, in our study assessed by FI of myositis. However, on an 
individual basis, only three patients (patient No. 4, 10 and 12) responded with >20% 
improvement on the FI scores (see Figure 1A in paper IV), which makes the clinical effects 
of high-dose IVIG limited. In the placebo-controlled study the investigation of biopsies to 
biceps muscle biopsies was limited to five patients with major muscle strength 
improvement calculated as 14-18 % change and did not investigate changes in DM patients 
with minor or no improvement.   
 Furthermore, our patients with improvement were one with PM, one with DM and 
one with IBM, making it impossible to discriminate the clinical benefits to one myositis 
subtype alone. Conversely, the recovery from skin rash in three of four DM patients is in 
concordance with disappearance of skin lesions in the placebo controlled study,115 which 
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favors the clinical benefits of IVIG in DM patients. Along with other studies.140, 142, 143, 275 
CK levels decreased by >50% in five patients out of nine with elevated levels, but with no 
correlation to muscle function or molecular changes. However, median CK levels were not 
significantly changed (Figure 1B, Table 4 in Paper IV). 

IVIG effects on molecular expression 

When investigating the effects of IVIG after the third infusion on the expression of 
molecular markers in muscle tissue (Table 4 in paper IV), we did not find any significant 
decrease at a group level, contrary to the previously published placebo-controlled study.115 
Besides those with unchanged expression, we observed individual changes in some 
patients, either with decreasing or increasing expression, but without any consistent pattern 
or relation to clinical outcome. 
 After the third infusion one of the patients with improved muscle function (i.e. No. 
12, IBM patient, see Table 5 here and Table 1 in paper IV) actually did exhibit decreased 
expression of ICAM-1 and VCAM-1, as well as of T cells and macrophages, and also of 
IL-1α expression in mononuclear cells. However, IL-1α expression in capillaries, MAC 
deposits in capillaries and MHC-class I expression on muscle fibers were unchanged. 
 On the contrary, another patient with improved muscle function (i.e. No. 10, DM 
patient), had increased expression of ICAM-1 and VCAM-1, and of T cells, but consistent 
decrease of IL-1α expression in cells and capillaries. Macrophages, MAC deposits in 
capillaries and MHC-class I expression on muscle fibers were unchanged. 
 Down-regulation of ICAM-1 was corroborated at both the gene and protein level 
in DM responders in another study by the same group as had conducted the placebo-
controlled study.276 However, a decrease in gene expression had also been observed in four 
non-responder IBM patients, although not to the same level as in controls. From the 
placebo-controlled study, it is not obvious how MAC or ICAM-1 expression were assessed, 
as statistical data were not provided. We analysed ICAM-1 expression in total (expression 
in inflammatory cells, large blood vessels and capillaries) and in the capillaries alone. A 
decrease in ICAM-1 serum levels had been observed in both responders and non-
responders of IVIG treatment in an open study performed in DM patients.277 We 
determined a similar inconsistent pattern of changes in the muscle tissue where these 
changes did not correlate to clinical changes. 
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Table 5. Clinical and laboratory data and molecular expression changes in the muscle tissue after 
the first and third intravenous immunoglobulin infusion  

Markers Individual changes * Individual changes*  

  24-48 h after first infusion (N=10) 1-2 weeks after third infusion (N=9) 

FI-scores NA ⇔ 1−3, 5−6, 9, 11, 13 ⇑ 4, 10, 12 

CK-levels NA ⇔ 4−6, 8−9, 11−13 ⇓ 1−3, 7, 10  

CD3 (cells/mm2) ⇔2, 5−6, 8, 13 ⇓3, 9 ⇑ 1, 4, 7 ⇔ 1, 3, 6 ⇓ 7, 11−12 ⇑ 2,10, 13 

CD163 positive M∅ (%)† ⇔1, 3, 6−9, 13 ⇓ 2, 5 ⇑ 4 ⇔ 2−3, 6, 10, 13 ⇓ 7,12 ⇑ 1, 11 

CD163 positive M∅ (cells/mm2)† ⇔1, 3, 6−9, 13 ⇓ 2, 5 ⇑ 4 ⇔ 2−3, 6, 10, 13 ⇓ 7,12 ⇑ 1, 11 

MHC-I (total)‡ ⇔ 1−3, 6, 8−9, ⇑ 2, 4, 7, 13  ⇔ 1−3, 6,10−12 ⇓ 7 ⇑ 13  

MHC-I on fibers ⇔ 1, 3−8, 13 ⇓ 2  ⇔ 1−3, 6−7, 10−12 ⇑ 13 

MAC on fibers ⇔ 1−4 , 6−9, 13 ⇓ 5  ⇔ 1−2, 6, 11− 13 ⇓ 3, 7 ⇑ 10 

MAC in capillaries ⇔ 1−9, 13  ⇔ 1−3, 6−7, 10−13 

ICAM-1 (total)‡ ⇔ 1−9, 13 ⇔ 1−2 ,6−7 ,10−11, 13 ⇓ 3, 12  

ICAM-1 in capillaries ⇔ 1, 4−5, 8−9, 13 ⇓ 2−3 ⇔ 2,7,13 ⇓ 3, 12 ⇑ 1, 6, 10−11 

VCAM-1 in capillaries ⇔ 3−4, 6−7, 9 ⇓ 5, 8 ⇑ 1, 13 ⇔ 2,13 ⇓ 3, 6, 7, 12 ⇑ 1,10−11 

IL-1α (total) ‡ NA ⇔ 1, 11, 12 ⇓ 6, 7, 10 ⇑ 2, 3, 13 

IL-1α in cells NA ⇔ 3, 6  ⇓ 1, 7, 10−12 ⇑ 2, 13 

IL-1α in capillaries NA ⇔ 1, 3, 11−13 ⇓ 7, 10 ⇑ 2, 6 

IL-1α in large vessels NA ⇔ 1, 3, 6, 11 ⇓ 7, 10 ⇑ 2, 12, 13 
Cap, capillaries; CD, cluster of differentiation; FI, Functional Index in Myositis; ICAM-1, intercellular adhesion 
molecule-1; IL, interleukin; MAC, membrane attack complex; MHC, major histocompatibility complex; M∅ = 
macrophages; NA, not assessed; VCAM-1, vascular cell adhesion molecule-1. 
* Numbers refer to individual patients according to patient No. in Table 1 in paper IV. 
† See evaluation of staining in paper IV. 

‡ MHC-I, ICAM-1 and IL-1α include expression in inflammatory cells, capillaries, blood vessels and fibers. 

IVIG effects on BDCA-2 and MX-1 expression in muscle tissue 
One of the known mechanisms of action of IVIG is down-regulation of the IFNα-
mediated differentiation of DCs in SLE patients.274 Since biopsy specimens before IVIG 
treatment from five of the patients included in paper I were also included in paper IV (see 
Patients and controls section), I chose to stain the repeat biopsies for BDCA-2 and MX-1 
expression as well (data not published) (Table 6). 
 I recorded a dramatic decrease of MX-1 staining after the first IVIG infusion in 
patient No. 5 who is a PM patient with anti-Jo-1 autoantibodies. The BDCA-2 expressing 
cells were decreased as well but not as dramatically. Unfortunately, the biopsy specimen 
after the third IVIG infusion was not available for this patient, thus we can not draw any 
conclusions from this finding as to whether the effect would be sustained or not, 
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particularly as this patient did not respond clinically, despite having fairly high FI scores 
from the beginning (the higher scores the better muscle function). 
 In addition, patient No. 12 who is an IBM patient and who had improved clinically 
exhibited a dramatic decrease of BDCA-2 expressing cells, but without drastic change of 
total MX-1 expression. This was probably due to sustained high MX-1 expression in 
capillaries. Interestingly, this patient was the one with decreased expression of ICAM-1, 
VCAM-1, T cells, macrophages and IL-1α expression in mononuclear cells, while IL-1α 
expression in capillaries, MAC deposits in capillaries and MHC-class I expression on 
muscle fibers were unchanged. Somehow, the cellular influx into the muscle tissue 
diminished, probably due to decline in expression of adhesion molecules on capillaries. 
 
 

Table 6. The effects of IVIG treatment on BDCA-2 and MX-1 expression in 
muscle tissue of five myositis patients 
Diagnosis/Patient 
No. in paper IV/ 
Patient No. in 
paper I 

BDCA-2* 
Before treatment/after first 
infusion/ after third infusion  
(total score) 

MX-1* 
Before treatment/after first 
infusion/ after third infusion  
(total score) 

PM/5/13 2 / 1 / NA 4 / 1 / NA 

DM/7/23 3 / NA / 1 3 / NA/ 3 

DM/10/18 0 / NA / 0 2 / NA / 2 

IBM/12/30 4 / NA / 1 4 / NA / 3 

IBM/13/28 † 0 / 1 /1 0 / 1 / 1 

NA = Not available. 
* See Patients and Methods in paper I for a description of the scoring system for BDCA-2 and 
MX-1. 
† The repeat biopsies were taken 10 months and 20 months (with continuous monthly infusions), 
respectively, after the baseline biopsy. 

IVIG effects and autoantibodies 
The understanding of the high-dose IVIG effects on myositis may be difficult as the 
disease could be pathogenically heterogeneous. Some patients may have autoantibodies, 
and/or overlapping autoimmune diseases. Heterogeneity between individual patients in 
response to treatment may therefore occur, which this study confirms. In the study of 
Göttfried et al.277 the non-responders had severe skin and muscle disease, concomitant with 
autoantibodies and/or malignancy. The two anti-Jo-1 positive patients in our study were 
non-responders according to our clinical improvement criteria. We acknowledge in our 
study the lack of randomization, and the relatively small number of patients enrolled 
according to the subtypes. 

Correlations between clinical variables and molecular expression 

We could not discriminate the results to any clinical subgroup of myositis or correlate the 
molecular changes to those of the clinical variables. Thus we could not determine 
consistent patterns regarding the relation of the endothelial cell activation markers with the 
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clinical findings, although it is still possible that IVIG could reduce endothelial cell 
activation and inflammation in vivo in some patients with myositis, although the clinical 
relevance of this is uncertain. 
 Taken together these results suggest that the effects of IVIG treatment on the 
immunological molecules investigated in muscle tissue vary between patients and could be 
due to the heterogeneity of the disease mechanisms in myositis. While high-dose IVIG may 
still be of clinical benefit in patients with DM, by resolving the skin rash, its clinical efficacy 
overall in DM as well as in PM and IBM is still uncertain. 
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CONCLUDING REMARKS 

Besides skeletal muscle involvement myositis patients can display systemic (involvement of 
lung or skin) or non-systemic manifestations. We could identify three groups of patients; 
(A) Patients with presence of ILD and anti-Jo-1 autoantibodies (diagnosed as PM, DM or 
IBM), (B) patients with skin disease characterized as DM patients, of whom (B1) some had 
anti-Jo-1 autoantibodies and ILD and (B2) others not, and (C) patients without systemic 
involvement and without anti-Jo-1 autoantibodies and ILD (PM and IBM). 
Autoantibodies, in particular anti-Jo-1 autoantibodies, seem to have specific associations 
with specific clinical phenotypes and disease mechanisms, as well as HLA-DR1*03 
haplotype irrespective of myositis subtype, which supports the concept that myositis 
patients with anti-Jo-1 autoantibodies may define a specific myositis subtype. 
 
From the papers included in this thesis we concluded that: 
• Patients within group A have a local induction of the endogenous type I IFN system in 

muscle tissue related to PDCs (paper I), which is possibly driven by immune 
complexes containing IgG from anti-Jo-1 autoantibody positive sera and RNA nucleic 
acids (paper I). 

• Patients within group B have a local induction of the endogenous type I IFN system in 
muscle tissue related to the endothelial cells of capillaries (paper I). This could possibly 
be driven by the local production of type I IFN system in the skin. 

• Patients within group A and B have elevated serum BAFF levels, which could be 
explained by the local induction of the endogenous type I IFN system in muscle and 
skin evident in these groups (paper III). 

• Anti-Jo-1 positive sera in group A have the capacity to induce ICAM-1 expression on 
endothelial cells, which would enable the inflammatory influx of inflammatory cells 
apparent in muscle tissue of myositis patients (paper II). This could explain some of 
the phenotypical changes in endothelial cells of myositis patients. 

• High dose IVIG treatment effects on the endothelial cell activation and other 
immunological molecules investigated in muscle tissue vary between patients and were 
thus not correlated to the muscle function improvement recorded in only three 
patients. This could be due to the heterogeneity of the disease mechanisms in myositis 
(paper IV). 
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Hypothesis 

A proposed hypothesis for the disease mechanisms of the three groups mentioned above is 
summarized below and illustrated in Figure 6. This hypothesis is based on the findings in 
the present thesis, the observations of others and my own speculations. 

Initiating phase 

Group A and B1 (lung) 

This model combines features from the most commonly accepted postulated mechanisms 
for autoantibody production. An initiator can be an exogenous agent such as virus 
infection or other infectious agents affecting a patient with genetic susceptibility (e.g. HLA-
DR3 haplotype) and or other immunological disturbances. The virus could incorporate the 
epithelial cells in the lung containing Jo-1 autoantigen and make the epithelial cells undergo 
cell death either by itself or by help of CD8+ T cells. These can release granzyme B in the 
host cell which will induce cell death. Granzyme B can cleave the Jo-1 autoantigen and 
other tRNA synthetases in the epithelial cells, a scenario demonstrated to be likely.175, 278 
 Fragments generated from this cleavage may become immunogenic.153, 154, 279 In 
addition, the Jo-1 autoantigen can attract immature DCs280 and by interacting with CCR5 
on their surface this could allow the entry of the modified Jo-1 autoantigen into the 
DCs.279, 281 Furthermore, Jo-1 autoantigen has been demonstrated to co-localize in the 
endocytic compartment with MHC class II antigen.282 The same study suggests a possible 
presentation of the Jo-1 autoantigen which actively breaks tolerance to self.282 The damaged 
or killed cells could induce pro-inflammatory mediators,282, 283 and type I IFN can be 
produced as an anti-viral response (as reviewed),214, 219, 284 both leading to DC maturation to 
enable presentation of the modified Jo-1 autoantigen to CD4+ T cells in the lymph node, 
which will initiate expansion of autoreactive T cells which in turn can activate autoantibody 
producing B cells.282 In vitro evidence suggests that formation of anti-Jo-1 autoantibodies is 
antigen-driven and dependent on CD4+ T cells.279 This is supported by the observations 
that presence of anti-Jo-1 autoantibodies is linked to the CD4+ T cell repertoire present in 
BAL fluid of myositis patients, and an association to HLA-DR.37, 92 Autoantibody 
production can also be T cell-independent, through the interaction of mature DCs with 
autoreactive B cells through BAFF on DCs and BAFF receptor on B cells. Anti-Jo-1 
autoantibodies could thus be produced and be present in the circulation. 

Group B1 and B2 (lung or skin) 

An initiator in a genetically susceptible person can be UV light exposure, which can lead 
to immunomodulatory effects such as cytokine production (e.g. IFNα),49, 242 promoting 
cutaneous inflammation.26, 28, 54 UV light exposure can also induce modifications of 
autoantigens.58 Speculatively these autoantigens could be Mi-2 antigen or p155/140 kD 
antigen, giving rise to autoantibodies against the mentioned autoantigens, which are more 
specifically present in these patients (described in Autoantibodies section). Moreover, Mi-2 
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antigen is over-expressed in tumour tissues93 and linked to malignancy in DM.158 
Furthermore, presence of anti-p155/140 kD is associated with malignancy in patients with 
skin rash, another possible link between tumours and DM. 

Group C (locally in muscle tissue) 

Normally local organ damage due to mechanical reasons or other causes such as infections 
or toxins leads to endothelial cell activation and inflammatory cell influx, through which 
the cause and the resulting cell debris would be cleared up. In muscle, regeneration of 
muscle fibers would also occur. In a genetically susceptible patient (and with 
immunological disturbances) exposed to certain damage, however, this damage could 
instead cause perpetuated muscle inflammation. 

Consequences 

Group A and B1 

Some factor in anti-Jo-1 positive sera has the capacity to bind to endothelial cells and 
thereby to up-regulate ICAM-1 expression on these cells (paper II). It could be anti-Jo-1 
autoantibodies themselves, in a similar fashion as shown for anti-RNP antibodies 
(described in Autoantibodies). Such local binding would be able to activate complement and 
production of MAC as shown in capillaries in muscle tissue of patients with skin rash (i.e. 
DM)105 and also other patients without skin rash (shown in paper IV). Alternatively, anti-
Jo-1 autoantibodies could bind some other antigen or nucleic acids and form immune 
complexes (IC) locally which could: (1) trigger PDCs to produce IFNα (in SLE, increased 
expression of type I IFN correlated with increased expression of ICAM-1 in cutaneous 
lesions) which could activate endothelial cells into expressing ICAM-1; or (2) these ICs 
could bind to endothelial cells directly and induce them to express ICAM-1, which also 
then could activate complement. 
 If subsequent muscle damage occurs, the activated endothelial cells can enable 
clonally expanded T cells and other inflammatory cells to migrate into the inflammatory 
site, the muscle tissue. 

Group B2 

A cutaneous inflammation, e.g. after UV-light exposure, might induce production of 
cytokines such as e.g. IFNα can lead to endothelial cell activation. Subsequent muscle 
damage due to the same reasons as hypothesized before, could lead to a muscle 
inflammation as well. 
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In muscle tissue 

All groups 

Once endothelial cells are triggered by some mechanism there are several possibilities to 
develop a persistent, chronic inflammatory milieu in muscle tissue and thus contributing to 
reduced muscle function. These could be differently regulated: by promoting extravasation 
of inflammatory cells into the muscle tissue, inflammation could induce damage of muscle 
fibers by a sustained cytokine network. These cytokines could sustain inflammation by 
acting on inflammatory cells, muscle fibers and endothelial cells of capillaries. 
Inflammatory cells produce pro-inflammatory cytokines which in turn promote migration 
(e.g. IL-17 and IL-1β induce CCL20 which attracts immature DCs and T cells), 
differentiation and maturation of inflammatory cells into the target tissue. The 
inflammatory condition with all players could contribute to changes in muscle metabolism 
that could cause dysfunction of muscle contraction. 
 ER-stress (which can be induced by e.g. infections or hypoxia) and different 
cytokines (e.g. IL-1α, TNFα, IL-17, IL-1β and HMGB1) could induce MHC-class I over-
expression in muscle fibers. Normally myoblasts but not mature muscle fibers express 
MHC class I. In addition, regenerating fibers have increased expression of the Jo-1 
antigen.93 Muscle regeneration could be disturbed by e.g. ER stress (described in 
Immunological features section) which could lead to over-expression and release of myositis 
specific antigens, such as Jo-1, which has chemoattractant properties.161, 162

 Hypoxia can induce IL-1α production, which in its turn can induce expression of 
ICAM-1 and VCAM-1 on endothelial cells. Different pro-inflammatory cytokines 
demonstrated in muscle tissue can induce each other to influence and contribute to 
sustained chronic inflammation or muscle function disturbances. For instance, IL-18 which 
is a pleiotrophic cytokine can induce IL-1β and TNFα expression which in their turn can 
induce IL-18.87 IL-18 can also induce activation of ICAM-1, VCAM-1 and IFNγ. IFNγ is 
also a cytokine considered to be produced by effector T cells, which in its turn can enhance 
the expression of MHC class I and II on muscle fibers.219 HMGB1 can also induce IL-1α 
production.72 

Group A and B 

Hypothetically, endothelial cell activation could also enable influx of complement as well as 
antibodies into target tissue. Together with an inflammatory cascade, reactivation of the 
immune response initially generated in the lung or skin could occur in the muscle; this is 
supported by the finding of the same TCR repertoire in anti-Jo-1 positive patients with 
HLA-DR3 haplotype in BAL fluid and muscle tissue.92 Anti-Jo-1 autoantibodies could find 
their antigen target or other RNA nucleic acids forming ICs which could: (1) trigger the 
PDCs locally present in the tissue. These can produce IFNα which in turn via BAFF265 
could induce autoreactive B cell survival, which would lead to increased autoantibody 
production to nucleic acids or nucleic acid-associated proteins. These autoantibodies would 
again result in ICs that could lead to a perpetuated type I IFN production which can 
stimulate the differentiation of antigen presenting cells such as DCs into mature DCs to 
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present antigen to and activate naïve T cells. The presence of a certain TCR repertoire 
supports that this could happen locally in the muscle tissue. ICs could also lead to 
complement activation resulting in MAC surrounding capillaries or muscle fibers. 
 BAFF could also play a role in T cell activation and differentiation, of possibly the 
over-expressed CD28null T cells found in muscle tissue (described in Results and discussion for 
paper III) (Group B). 
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Figure 6. A proposed hypothesis for the disease mechanisms in three groups of myositis patients 
identified from the papers within this thesis (A, B1, B2 and C, read text for details). The hypothesis 
includes the role of autoantibodies, in particular anti-Jo-1 autoantibodies, in disease mechanisms in 
myositis.
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FUTURE PERSPECTIVES 

Classification and diagnostic criteria 

From the results within this thesis we have been able to define specific groups of patients 
with certain disease mechanisms, some specifically related to anti-Jo-1 autoantibodies. In 
future studies of disease mechanisms it will to be important to include autoantibody 
profiles in the classification criteria of myositis together with clinical data to identify more 
homogenous subgroups then the currently available diagnostic criteria for myositis would 
permit. This notion is supported by the fact that myositis patients with differing myositis 
serology have different immunogenetic profiles as well.37 

Anti-Jo-1 autoantibodies in disease mechanisms 

Despite the clinical association to ILD and their presence before the muscle symptoms, it 
is not known whether anti-Jo-1 autoantibodies contribute to pathogenesis or merely are an 
epiphenomenon in myositis. The papers (papers I-III) within this thesis demonstrate that 
presence of anti-Jo-1 autoantibodies in the sera of the patients is related to certain disease 
mechanisms, such as local over-expression of type the I IFN system, probably followed by 
elevated serum BAFF levels and activation of endothelial cells. 
 We can not, however, claim that anti-Jo-1 autoantibodies are the initiator of the 
disease, but we can strongly suggest that anti-Jo-1 autoantibodies could act as perpetuators 
of the disease by forming ICs. I believe that our data presented in this thesis together with 
earlier data regarding anti-Jo-1 autoantibodies support the hypothesis that anti-Jo-1 
autoantibodies have a role in pathogenesis in a subgroup of patients with myositis. 
However, further investigations are required to establish and find out the direct role of 
anti-Jo-1 autoantibodies in myositis. This could be performed through different 
approaches such as those described below. 
 As a follow-up for paper I the following could be performed: (1) direct in vitro 
stimulations (such as those performed in paper I) of PBMCs with ICs formed by anti-Jo-1 
autoantibodies and Jo-1 antigen or RNA nucleic acids; and (2) subsequent blockade of anti-
Jo-1 autoantibodies from these ICs; (3) stimulation of autologous PBMCs with IC formed 
by autologous sera and necrotic muscle tissue. 
 As a follow-up for paper II the following could be performed: (1) direct in vitro 
stimulations (such as those performed in paper II) of endothelial cells with anti-Jo-1 
autoantibodies; and (2) subsequent blockade of anti-Jo-1 autoantibodies; (3) possibly one 
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could stimulate endothelial cells with ICs formed by anti-Jo-1 autoantibodies and Jo-1 
antigen or RNA nucleic acids to find out if the TLR system could be involved. 
 To be able to correlate with and to confirm the in vitro studies: (1) one should make 
a careful investigation to evaluate the histopathological characteristics of the muscle tissue 
of patients with anti-Jo-1 autoantibodies; (2) study the presence of anti-Jo-1 autoantibodies 
in the muscle tissue; and (3) study the presence ICs in the muscle tissue. 

BAFF in disease mechanisms 

We have demonstrated elevated serum BAFF levels in patient groups A and B (paper III). 
As a follow-up of the paper, we need to confirm that BAFF plays a role locally in muscle 
tissue. Therefore we would like to investigate the presence of both BAFF and its receptors 
through which it acts in muscle tissue. We also need to find out through which type of cells 
this action takes place. 

Treatment 

My future scenario is that every individual patient can be treated with therapies designed to 
deal with that patient’s own specific disease mechanisms. Increased knowledge and further 
studies of the disease mechanisms are needed to be able to achieve this scenario. 
 The effects of IVIG treatment on the immunological molecules investigated here 
were heterogeneous and could not be directed to any specific molecule or inflammatory 
cell, or even to inhibition of endothelial cell activation. Thus IVIG is a treatment regimen 
with a wide range of possible treatment modalities and was not specific enough to allow 
elucidation of molecular mechanisms. 

 Some of the pro-inflammatory molecules mentioned in this thesis are likely to be 
key molecules in the underlying disease mechanisms of myositis and could be potential 
candidates for development of new therapies, one target being IFNα in certain subgroups 
of myositis and another being BAFF. 
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